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INTRODUCTION



INTRODUCTION

The introduction of radiocactive lsotopes into
investigative medicine less than two decades ago has aided
greatly in the understanding of the proccsses of absorption,
utilization, turnover and excretion of many blologicsl
substences; the advances in the knowledge of the mechanisus
of normsl and abnormal hacmopolesis have been at least as
substantial ss those in other disciplines. JSeveral isotopes
are avallable for labelling erythrocytes, leukocytes and
platelets, and three important haemopoletic tullding blocks,
namely, iron, cyasnoccobalemin and folate, are avallable in
one or more radloactive forms.

The radiocactive isotopes used 1n the investigation of
vitamin 512 metabolism fulfil several of the important
eriteria laid down for biological acceptability; the radio-
active cobalt atom 1s an integral part of the molecule, and
not an extraneous "tag®, and labelling is therefore specific,
liowever, for a number of ressons, investigations of vitamin

B. . metabolism have not proceeded as far as comparable studles

12

of iron metabolism. These ressons include:

1) the vitamin is physiologleally actlve 1n relatively
low concentrationsj

11) the radioactive isotopss generally used have
specific ectivity so low as to make it difficult,

if not impossible, to carry out lnvestigations



with truly physiologlcal quantities;

111) cyanocobalamln hzs o number of bleloglically actlve
analogues, and 1t is still not certalin ip which
form or forms the vitamin exlsts 1n manj

iv) whereas iron is transported in plasma by a specific
binding protein, transferrin, there are at least
two specific in vivo binding proteins for vitamin

B o and the interrelation between these two

1
specific binders, which is still not clarified,
may be altered in dlseasej

v) whereas iron 1is bound in vitro by transferrin only,
vitamin 512 is bound by a number of electrophor-

etlcally separable protein molsties.

P ose of the Present St

In general terms, & study of the plasma protein blndlng
of vitanin 512 has relevence in et least three areasj first,
plasma protein bilnding of wvitamin B12. especially in vitro,
is a facet of the metabolism of the vitamin which is not
fully understoodj gecond, there are important aspects of
protein chemistry involved; and third, an understanding of
the abnormality of protein binding of vitamin B12 ssen in
myelold leukaemla may well throw some 1ight on the understand-
ing of this disorder.

The several specific, and interrelated, aims of the

present study aret-



1) to evaluate criticaelly the dlalysis method of
measurement of vitamln B12 binding capacity 1in
vitro, end to evolve a standardized method which
takes into account those factors which produce
variation in bindings

11) to investigaste, by different methods of proteln
separation, the in vitroc binding of vitamin 312
in normals, and in those sltuations where
vitamin B12 binding is abnormal, such as chronic
myelold leukaemlaj; ‘

111) to assess the effect of leukocytes on vitamin B,,
binding by plasma proteins;

iv) to investigate the vitamin Blz binding properties

of 1solated protein fractlons.,

Significance of Hesultg.

It is consldered that the following conclusions may be
drawn from the results of the material presented and discussed
in this thesis, and that these conclusions are original
observations:- ‘

1. That a method of measurement of in vitro vitamin

B, , binding capacity of plasma proteins has been

12
described which takes into conslderation a number
of variable factors not previously assessed in

other methods;



2. That in vitro binding of vitamin B12 to an
abnormal protein in myeloid leuksemia occurs
preferentially, and not as an overflow phenomenon
followlng upon saturation of normal binding
proteinss;

3. That separated @y acld glycoprotein wlll bind
significantly more vitamin B12 added in wvitro
than all other proteln fractions;

L, That increased in vitro binding can occur in
patients with myelold leukaemia at a time when
the leukocyte count is normal, as & result of
therapy. It has been considered previously that
the increased capacity for blnding'vitamin 312
was seen characteristically in patients with
pntreated myeloid leukaemla, and that thils
increased binding capacity fell towards normel
when treatment was instituted to lower the total
leukocyte count and eliminate primitive forms
from the peripheral circulation.

In edditlon, evidence is presented which adds to, and
extends, previous knowledge in this fleld. It has been
shown thati- |

* Increased binding of vitamin B12 to plasma proteins

tekes place in patients with myeloid levkaemias



* The abnormal vitamin 512 binding protein in myeloid
leukaemia has many of the characteristics of a,

acid glycoprotein, or a component of thls proteln

complexs
* Normal granulocytes, or the breakdown products of
normel granulocytes, may influence plasma proteln

binding of vitamin Eiz added in vitro.

Format of the Thesis.
The format of this thesis is a conventional oney three
features only require comment.

1) In the light of recent statements concerning thesis
references (Witts, 1967), the references in thils
thesis are gliven 1n full.

11) Two case histories are appended in detall (Appendix A)
because of the lmportance of findings in these two
patients to certain of the material contalned in
the thesis.

111) In addition to the two papers attached, several other
papers based on this materlial have been presented
at meetings of the Australian Soclety for ledical
Research, the Hzematology Soclety of Australla, and
at the XIth Congress of the International Soclety
of Haematology, Sydmey, 1966; a list of these papers
i1s attached at Appendix C. A further list of

publications of material contalned in this thesis



1)

ii)

is attached at Appendix B, including a number of

abstracts of papers referred to in Appendix C.

Conventlons
The references for this thesis are styled in the

manner lald down in the World Kedical Assoc-
iation's publication, “kWorld ledical Perlodlcals",
3rd edition, 1961.

The following conventions of terminology have been

observed throughout the thesls:

(a) except where otherwise specifically indicated,
the term "Vitanmin 312“ is understood to
refer tc cyanocobalamin. In general, the
terminology used by authors whose work 1s
referred to in the literature review has
been maintained in this respect.

(p) the term "myeloid leukaemla” has been used
throughout the work, and this term is used
to cover other synonymous (or nearly
synonymous) terms used by various authors,
including granulocytic leukeaemia and
myelocytic leukaemla.

(c) the units of messurement of vitamin B,, used

are in general, those used by the authors



referred to in the literature reviews
thus, in some parts, the terms nanogram
(ng.) and picogram {pg.) are used, and
in other parts millimicrograms (mug.)
and micromicrograms (upg.) are used,
according to the style of the authors.
(a) the only abbreviations used 1in this thesls
' are those referring to bacteria such as
Lactobacillus leichmandi (abbreviated as
L. leichmanii) and Euglena gracilis
(abbreviated as E. gracilis) and those
referring tc certaln chemicals 1n which
the commonly used name is a shortened
form of the correct chemical name,
e.rs DEAE cellulose 1s used for
diethylaminoethyl-cellulose, CH cellulose
13 used for carboxymethyl-cellulose, and
the term "tris® is used for tris (hydroxy-

methyl) aminomethane.



CHAPTER 2

REVIEW OF THE LITERATURE



RIVIEW OF THE LITERATURE

2.1 Historical Aspects.

Perniclous anaemia has been recoghlsed as a disease
entity for more than one hundred years, and for more than
half that time it was truly perniclous, and in nmost
instances lethel, until it was found that raw liver would
produce relief of the symptoms and signs of the megaloblastic
anaemis and neuropathy (linot and lurphy, 1926).

Castle described, im his classlical experiments
(Castle and Townsend, 1929), the effectiveness of meat and
normal gastric julce in achieving a remission in patients
with perniclous anaemia, compared with the ineffectivenesse
of meat alone, and gastric Julce alone. lie proposed that
pernicious anaenia was due to a lack of gastric secretlon,
and that an intrinsic {or gastric) factor was required to
combine with the extrinsic (food) factor to make the
active principle avallable., Thls concept has been
modifled only to the extent that the extrinslc factor is
now known to be vitamin B12. and that 18 is couslidered
that intrinsic factor mediates the intestinal absorption
of vitamin B12 without altering its chemlcal structure.

liore than twenty years intervened between the



discovery of the effectiveness of raw liver, and the
eventual isolation of the actlve principle by two groups,
working independently in the United States and Great
Britain (Rickes et alll, 1948; Smith and Parker, 194E).
The initial clinical studies (West, 1948) showed that the
{solated material was effective in elliciting a therapeutlc
response in perniclious anaemis patients.

Although the chemical structure of vitamin 512 has
been determined by a number of workers since 1its initial
$solation (Smith, 1965), it has not yet been possible to
synthesize the vitamin. Smith (1965) has reviewed in
detall these aspects of vitamin B12.

The earllest studies on the binding of vitamin B12
by plasma proteins came from Pltney, Beard end van Loon
(1934). Subsequent developments in this fleld, the
subject of this thesls, are discussed under the appropriate

neadings in later sections of the review.

2¢2 Chemistry of Vitamin 312*

202.1 Sggggtugg.
Vitamin Biz* is a red crystalline compound, which was

#*When used in this way, the term "vitamln Blz” is taken to

meay cyanocobalamin, unless otherwise specified,
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first isolated in 1948 (Rickes et alil, 19483 Smith and
Parker, 1948). It is a complex porphyrin derivative
containing a tervalent cobalt atom, and linked to a
nucleotide. MNomenclature of the several forus of vitamin
512 has been based on the nature of the nucleotlide group;
cobalamin (5, 6 dimethylbenzimidazolylcobamide) is the
term reserved for those compounds having the 5, ¢ direthyl-
venzimidazole base., The formula agreed upon for vitanin
B,, (Documenta Gelgy, 1962 smith, 1965) is Cgg Hgg Oy
Nyj P Co, glving a molecular welght of 1355.423 a
suggested structure baged upon exlsting knowledge ls shown
at Figure 1.

Cyenocobalamin has absorption maxima in water at
27903. 36103 and 55003; hydroxocobalamin hes corresponding
maxima at 27308, 35108 ana 5250R.

Certain analogues of cyanocobalamln and their
clinical and laboratory aspects are dlscussed below.

Stahlberg (1964), in a prelimlnary report, suggested,
on the baslis of grewth studles, that the dominant form of
vitanin 312 in clrculating plasma was the so-called "fourth
factor”, in all probability methylcobalamin.

The chemistry of cobalt per se within the nammallan

body has been reviewed extensively by Carlberger (1961).
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Figure 1. Structural formula of cyancocobalamin.

From Lester Smith (1965).



TABLE _I.

DERIVATIVES OF CCBALAMIN
(after Lester Smith, 1965)

ORIGINAL 10l OR NOLECULE

NOEENCLATURE CO=CBDINATE
Vitamin B,, ‘ CN
Vitamin B,,.) OH~ (alkaline
(solutlon)
Vitamin B H.O acid
i2b® - 2 solution)
Vitamin B120 ONO
SCN
Ammonia Cobalichrome NHj

Histidine Cobalichrome Histidine

SENI-SYSTEVNATIC

NANE

Cyanocopalamin
Hydroxopobalamin
Aquocopglamln

Nitritocobalamin
Thiocyanatocobalamin
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2.2.,2 Derivatives and Analogues Of Vitanmln B12
Several derivatives of vitaumin 512 arec known; these

are compounds in which the major part of the molecule 1is
retained; a list of those recognised at present is at
Table I (After Smith, 1965). Of these, only cyanocobalamin
end hydroxocobalamin have been extensively studled in man
(see below).

Vitamin B12 occurs in nature as a family of closely
related chemical compounds; a number of analogues of
vitenin Biz' both naturally-occurring and synthetlic, have
been recognised (Smith, 1965). Thelr relevancé to this
thesls concerns differences observed in serum bindlng of
cyanocobalamin after the saturation of binding sltes wlth
vitemin B, analogues (leyer et alil, 1963, 1965) and the
implication of these findings on the mechanism of proteln
binding. Detall of the analogues of vitamin 312 is given
by Lester Smith (1965) and Eosenblum (1965).

2.,2.3 DRelatlonship of Structure to Clinical
cffectiveness.

There is now substantlal evidence for the clinilcal

superiority of the cobalamin derivative hydroxocobalamiln
over cyanocébalamln. Jerzy Glass and hils colleagues
(Glass, Lee and Hardy, 1961; Glass, Skeggs, et alii, 1961)

showed that & single intramuscular dose of hydroxccobalamin



12

gave higher blood levels than similar doses of cyanoco-
pbalamin at intervals of from 5 hours to 2-4 weeks.
Similar findings were obtained when hydroxocobalamin was
compared with & cyanocobalamin-zinc tannate complex, a
slow release preparation; the only real advantage of the
cyanocobalamin-zinc tannate complex is the relatlve
infrequency of injection compared with cyanocobalanin
(Gough et alli, 1964). As would be expected, the loss of
hydroxocobalamin in urine was much less than the urinary
loss following simllar injections of cyanocobalamin and
cyanocobalamin-zinc tannate complex. Labelled hydroxoco-
balamin was shown to be more slowly absorbed from the
site of injection, and was stored in liver and muscle

to an equal or greater extent than cyanocobalamin. The
evidence of Adams and Kennedy (1965) also supported the
finding of reduced urinary output of hydroxocobalamlng
they suggested that lts advantages over cyanocobalamin

as a maintenance agent were only marginal.

Glass, Lee et alll, (1963) showed that, after large
weekly injections of hydroxocobalamin, blood levels were
obtained which were higher, and longer sustalned, than
those observed with cyanocobalamin. - Later work from this

group extended these findings, and confirmed the
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efficiency of hydroxocobalamin (Glass and Lee, 19663
Glass et allli, 1966).

A comparison was made by Hertz et alll (1964) vetween
the retention of intramuscular cyanocobelamin and intra-
muscular hydroxocobalamin - the levels at 24 hours were
20% cyenocobalamin retained, and 75% hydroxocobalamin
retained. The reasons offered for this findling are
discussed below (2.2.4).

2.2.4 Relationship of Structure and Proteln Binding.

Neyer (leyer et alii, 1963) investigated the
vitanmin 512 binding capacity of variocus analogues of vitamin
B12 at differing levels of added vitamln 312' in accordance
with the methods previously described (lMeyer et alll, 1957) ..
Tﬁey measured the binding capacity of serum for radiocactive
hydroxocobalamin, and also assessed the effect of prior
addition of non-radioactive analogues on the subsequent
serum binding of radioactive cyanocobalamin. It was found
that the pattern of binding obtalned with hydroxocobalamin
showed less tendency to be flattened after the initiel
rapid phase of binding, and that there was increased binding
compared with cyanocobalamin, especially in the second

phase. Analogues were found 1o compete for binding sites

on the serum proteins to the same degrce as cyanocobalamin.
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It was concluded that when changes were made in the CO-—NH2
groups on either side of the B pyrrol ring, blocking of
phase I binding did not occur, suggesting that these CO-HH2
groups participate 1n phase I binding. The cobalt atom
itself is thought to be responsible for phase IY binding.
The Co-CN bond appears to dissoclate in aqueous solution,
leaving the cobalt atom free to combine with protein
receptors.

Hertz et alil (1964) used a series of dialysis
experiments to show that hydroxocobalamin paessed more slowly
through a semi-permeable membrane then did cyanocobalamin,
and that hydroxocobalamin was bound to serum proteins in
greater quantities than cyanocobalamin. These two findings
are put forward as an explanation of the deoreased urinary
loss and increased retention of injected hydroxocobalamin
(2+243 above).

In a later study, leyer et alii (1965) compared the
plasma protein saturating or blocking effect of wvarious
analogues of cyanocobalamin. They found that hydroxoco-
balamin was the most potent analogue in prowmoting rapid
plasma disappearsnce of injected radloactive cyanccobalaming

the aquanalide analogue had an intermedlate effect, and the



others tested had no effect. This may be explained by an
increased avidity of binding of hydroxocobalamin to serum
proteins in vitro (¥eyer et alli, 19653 Hexrtz et alilil,
1964), and the longer retention for hydroxocobalamin at
sites of injection (Glass et alll, 1961).

2e2.5 Hadloactlive Vitamin B12

Smith (1965) records the attempts made to obtaln
radioactive vitamin B,,. Carbon14 was used but was found
to be too labile for use in biologleal investigations.
Tritium labelling of vitamin Biz' glthough not as

specific as radioactlve cobalt labelling, has been used
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to study by sutoradlography, the intracellular incorporation

of vitamin B,, into bone marrow end liver cells (Tagliorettl

et alili, 1963).

High specific activity radloactive cobalt labelling
has been achieved by fermentation in the presence of
radioactive cobalt in a medium lacking non-radloactive
cobalt. Lxtensive use has been made of the lsotopes of
vitamlin B12' ags 1s apparent from later aspects of this

review. Nollin (1959) and Pribilla (1961) have summarised

most of the clinical applications of radloactive vitemin B12

in blood disorders and in digestive dlsturbances.



2.3 HNetabolism of Vitamin B12
As yet, the blochemistry of vitamin 812 is not

clearly understood. The metasbolically actlve forn of
the vitamin is a coenzyme (coenzyme 312) in which the
cyano-group of cyanocobalamin 1is replaced by adenine
nucleoside (Smith,1965). Lack of vitamin B,, produces
inhibition of methionine synthesis, as a result of which
the formation of essentlal amino acids and proteins is
decreased. Further, vitamin Biz deflciency will klock
the synthesis of ribonucleic acid. These disturbances
of protecin metabolism are most marked in those cells,
such as heemopoietic and nervous system cells, which
have high protein turnover and mitotlic frequency
(Documenta Gelgzy, 19623 Smith, 1965).

While the extent of the studles of vitamln B12
metabolism in man, and in many other living orgenisma
in which it 18 relevant, 1s very conglderatle, this
review will desl only with those aspects of metabolism
which are relevant to the main content of this thesis.

2.3.1 Absorption.

The classic experiments of Booth and Nollin (Dooth
et alii, 19573 Booth and lMollin, 1959) showed first in

rats, and then in men, that the principal site of vitanin
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B.12 absorption was the lower portion of the small
intestine. They also postulated the presence of a
specific vitawmin 312 receptor system.

Ronnov-Jengen snd Hansen (1965), using the
techniques of intestinal intubation with polyethylene
glycol as a marker, confirmed that most vitamin Blz
was absorbed in the ileum, but showed also that there
appeared to be, in some lnstances, absorption at a much
higher level within the small intestine.

In work with guinea pigs, Cooper et alii (1962)
showed that intact guinea plg intestine will absorb
cyanocobalamin bound to human intrinsic factor; two
fractions were identified - fraction SE, which could
be removed by EDTA, and fraction E, which remained
unaltercd. They stressed also the importance of calclum
jons in absorption of vitamin 312' a point of emphasis
which was also made by Grésbeck et alii (1959), who
showed that an oral chelate such as ZDTA would reduce
the uriunary radioactivity of normal subjects undergoing
Schilling tests, and that in some patients with
steatorrhoea, the failure to absorb vitamin 312 nay bve
due to lack of calcium 1ons. Herbert's group (Retlef

et alii, (1967) have also stressed the lmportance of



calelun in vitanmin B12 metabolism by demonstrating that
the dellvery of vitamin 812 from serum protelins to
reticulocytes is caleclunm dependent.

It has been suggested that prednisone may increase
the absorption of wiltamin 312 from the gastrointestinal
troct by stimulating gastric production of intrinsic
factor (Kristensenm and Friis, 1560). Welnstein and
Watkin (1960) studied the absorption of ingested radlo-
active vitamin 512 in patients with hacmatological
diczorders. They could demonstratc no correlation
between the vitamln 312 level of serum and the amount
absorbed, a finding which confirmed the work of
fieinrich and Erdmann-Oehlecker (1956b) and Halstead
et alii (1956). As corollaries, Welnsteln and Watkin
(1960) sugrested that the serum vitamln Bmz concentration
does not control the zmount of vitanin E12 absorbed;
snd further, that the increase of plasma concentration
of unsaturated vitamin 812 binding proteins did not

influence the amount of vitemin B,, absorbed, since the

binding caepacity of plasma from chronic myelold leukaemice
peticnts was markedly increased (Piltney et alli, 19543
welnstein et alii, 1959). They concluded that lncreased

gastrointestinal absorption of vitamlnu B12 could not be
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jmplicated in the abnormelitles of serum vitamin 512 and
vitamih B12 binding capacity scen in myelold leukaemia.

Doscherholmen and Hagen (1959) used 0060-1abe11ed
vitemin B12 to allow them to give, orally, physiological
doses of vitamin 312' They provided confirmation of the
pattern of absorption described by Booth and IKollin (1956),
in which a peak of radloactivity was achieved 8-12 hours
after ingestion. This peak could be distingulshed by
them from the "early-rise” curves observed by other
authores using massive (l.c. non-physiological) dosages.
They inferred from these data that there were two
different modes of absorption.

lierbert has recently summarised the data on the
nutritional requirements for vitamin B,, (Herbert, 1966)3
the suggestod normal minimun dally requlrement for an
adult is of the order of C.l1 pg.

Although it is recognised that unphysioclogical doses
may be sbsorbcd from a number of other mucosal surfaces,
including the upper gastrointestinal tract (Chalmers and
Shinton, 1958), the nasal membranes (ionto and Lebuck,
19543 Isragls and Shubert, 1954), the alveolar surfaces
of the lungs (Shinton and Singh, 1967), and the rectum
(Ungley, 1955), none of these nodes of absorptlon has any

real therapeutic significance.



2¢3.2 Plasma Clearance = lNormal and Abnormal.
(Although it is recognised that the terms "plasma

clearance" and "plasma disappearance” are not synonymous,
they are used in the llterature to describe the same
phenomenon; therefore, although this sectlon is headed
"plasma Clearance™ the two terms are used interchangeadbly,

according to the usage of the authors concerned.)

lost of the early investigations directed towards
tracing the fate of injected radioactive vitamln Biz are
open to the criticism that decidedly unphyslological
quantities of vitemin 512 had to be used so that
subsequent radlocactivity measurements could be performed
with a reasoneble degree of accuracy.

Jiollin et alii (1956), after administering the
smallest dose of 5600-1abelled vitanin 812 compatlble
with accurate measurement, found that the rate of plasma
clearance was slowest in patients wlth chronlc myeloid
leukaemia, and in those with perniclious anaemia in severe
relapse. They consgidered that there was a correlation
between the rate of plasma clearance and the degree of
serum unsaturation, since the slower clearance appeared

to be proportional to the vitamin 512 binding capacity.
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A larzer dose of 4 mG., which exceeded the binding
capacity of normal serum but which was within the range
of_total binding capacity of chronic myeloid leukaemlc
serum, was used by lilller et alll (1957). They
domonstrated that there was a clear-cut dlfferentlatlion
between normzls and patlents with chronic myeloid
leukaemia, and postulated a biochemical abnormallty 1in
the plasma of such patients.

nall (1960) gave 0.043 pG. of uigh specific activity
Co58-v1tamin BiZ' and noted an initial raplid removal of
more then 80% in one hour; this was token up by the
tissues and not excreted. In vitro serum or plasma binding
prior to administratlon did not affect the rate of
diSappearance of the radioactive vitamin. An increase in
dosage of up to 2 x 107 did not significantly alter the
fraction removed per unit time.

It was also shown by Bitz and leyer (1960) that the
plasma disappearance of intravenously injected radloactive
vitamin B12 was delayed in patlients with myeloid leukaemia.
A large loading dose of crystalline vitamin 512 given to
these leukaemlc patlients oorrecped the delayed clearance
to a more rapld, normal clearance, possibly because the

non-radiocactive vitamin 312 injected saturated the plasma
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receptors, and thus enhanced the tlssue binding of the
radloactive vitamin.

Abnormally slow plasme clearance curves were
described by Brody et alii (1960) in patients with chronic
nyeloid leukaemia and in patlents with deficiency of
vitamin 512’ They ascribed this phenomenon 1in the former
group to the increased bindlng capaclity of plasma protelns,
and in the latter, to the lack of a hypotheticel plasma
"Biz-transferase".

Hall (1964) later studlied the long-term excretion of
0057-1abe11ed vitanin B12 in eight normal subjects. IHe
found that there was rapid plasma disappearance in a
complex manner until the end of the second month, and a
subsequent linear loss from the plasma, with the average
T4 being €690 days.

The finding of deleyed plasma disappearance of
radioactive vitamin 512 in myeloproliferative disorders,
notably chronic myeloid leukacmla, was discussed by lall
(1961), who cousidered that the findiugs indlcoted an
abnormallty of vitamin 512 metabolism common to the
dlseases of the myeloproliferative groupe.

lleyer (FKeyer et alii, 1965) investigated the plasma

disappearsnce of radioactive cyanocobalamlin after the
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administration of vitamin B,, analogues (cee Sectionm
2.2.4 abvove), and demonstrated rapild plasma dlsappearance
following the prior administration of hydroxocobalamin.

The complexity of the mechamlsms involved 1n plasma
clearance of 1injected vitamin B12 was apparent to Hall
and Finkler (1962) when they postulated that vitamln D,,
was transported in plasma by more than one binding
protein, and that the different disappearance rates
found with plasma fractions suggested different functions
in the transport of vitaniln 312 by various protelns.

This postulate was a significant onec in deternining the
direction of their further studies (Hall and Finkler,
1963, 1964, 1965, 1966a, 1564b).

211 and his co-workers (Eall, Kulona and Cka, 1962)
studied the plasma disappearance of intravenously injected
radloactive vitamin 512 in vitamin 312 deficiecncy states.
They found that plasma dlsappearance of vitamin 312 was
delayed in patients with untreated perniclious anaemla,
but wes normal in patients whose vitamin B12 deflciency
had been corrected by elther long-term treatmeni, or a
large dose of vitamin Blz prior to the investlgation,

A simllar abnormality was demonstrated in patients whose

vitamin 312 deficiency was on the basis of tapeworm



(Diphyllobothrium latum) infestation; however, tapeworn
carriers without overt vitamin 312 deficlency showed
normal plasma disappearance of vitamin Bmz‘ They
considered that the delayed dlsappearance was related to
a tlssue‘or plasma defect which was not permanent. It
was not possible to determine from thils study, which 1s
at variance with the findings of Erody et alii (1960),
whether this phenomenon of slow disappearance in vitamiln

B deficiency wag due to an increase in vitamln B12

12
binding, an abnormally firm binding, a defect in tissue
extraoction of circulating vitamin B12. or a shift of
vitamin B12 to the plasma from the tissues.

Beizenstein et alil (1963) used a double isotope
technique to compare the fate of injected and absorbed
vitamin BiZ’ They found that, in the four patlents
studled, the plasuma clearance of absorbed vitamin 312
wes more rapid than that of intravenously administered
vitamin 512’ even though the rate of intake was greater
after lntravenous injection. Thelr cautloug conclusions
were thet the behaviour of oral and parenteral vitamin

B cannot be compared during the inltlal perlod agfter

12
administration, and that the more rapld clearance of

oral vitanmin 512 is due to factors other than the

2l



25

differences in rates of ingress and distribution
resulting from differing modes of administration. IHall
(1964) has also commented that plasma vitamin B,, is
never in equilibrium witﬁ the totsl body vitamin 312'
but appears to be higher than expected if it were

tc be regarded as an accurate reflectlon of the body's
vitamin Blz stores.

2.3.3 Storage.,

The complexlty of the relationship between circulating
vitamln B12 and body vitamin 312 stores has been referred
to above (Relzenstein et alll, 1963; Hall, 1964). liost
of the body's witamin B12 is stored in the liver followlng
plasma clearance; this epplies in the normal state and in
myelold leukeaemla (Meyer et alii, 1964).

Reizenstein (1959a) has argued that there are
possibly three compartments wlthin the body for vitamin 312
storage, with each compartment having a different turnover
rate.

An important observation in this context is that of
Weilnstein and vetkin (1960}, who calculated that a shift
of 3% of the liver vitanin Biz to the plasma compartment
would be required to increase the serum concentration

tenfold. This mechanism, if it exists, could be ilnvolved
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in the explanation of increased serum vitamin B12 levels

in myeloid leukaemia and related diseases.

The major drawback to theze and other studles of
vitamin B12 storage is the difficulty in tracing labelled
vitamin‘312 once it is present in one or other of the
tissue compartments,

2.3+4 EZxeretion.

Vitanin B12 when excreted appears in urine and faecces,
and use has been made of these excretory rcutes in assess-
ment of vitamin B, uptake (Heinle et alil, 19523
Sehllling, 1953). uatkin et aliil (1961) clzimed that at
plasma levels from 0.3-1.5 mpg./ml. urinary exeretion of
vitamin B12 was a function of the d;gree of binding of the

vitamin B by plasma proteins; when higher levels were

12
induced (12-26 mugs/ml.) urlnary excretion of vitamin B,,
was found to be proportiomal to the plasma level of vitamin
B12 and to the glomerular filtration rate. Nelp et aliil
(1964) attempted to use thils finding to measure the
glomerular filltration rate in a simplified manner.

Hall (1964), in long term studies, showed that
urinary excretion was hlgher shortly after the intake of

vitanin B than subsequently, regardless of the route of

12

intake. Faecal excretion was not unlfornm until at least

a month after the intravenous injection of radloactlve
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vitemin 312' Urinary excretion during the period of
uniform loss was equal to 0.028% of the retalned dose
per diem, and faecal excretion represented 0.031% of

the retalned dose per diem. A comparlson of urinary
Co’7-vitamin B,, and the total vitamin By, measured
microblologically suggested that only 10% of the urinary
vitamin B,, was excreted in an active form. The total
daily excretion from liell's subjects was 0.66=2.1 ugs,
with a mean of 1.3 ug. |

Welnsteln and Watlkin (196) were unable to implicate
impairment of renal excretion as the cause of the
abnormally high vitamin B12 levels in serum of patlents
with chronic myeloid leukaemia. Relzensteln et allli
 (196k) showed, using radioactive vitamin B,,, that high
levels of vitamin B12 excretion, averaging two to flve
times normal, occurred in chronic myelold leukeemie,
although they were cmutious in drawing inferences, in
view of the knouwn non-equilibrium betwsen labelled and
unlabelled vitamln 812.

Filler and Sullivan (1959c) described the presence
of a vitamin B12 binding substence in the urine of
patients with chronic myeloid leukaemie; Kallee et alii
(1966) showed high values for the vitamin B,, binding
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capacity of urinary glycoprotein in chronic myeloid
leukaemia, using immunological techniques (Karypidis
and Kallee, 1965).

2+3¢5 Vitamin Biz and Iron.

There appears to be & relatlonship betwcen these
two haematopoletic agents, although it is by no means
a clearly defined one. Cox et 2111 (1959) published the
results of thelr studles on 13 patients with iron deficlency
and normoblastic anaemia, assoclated wlth a low serum
vitamin 812 level, which returned to normal in all patients
when they received iron therapys; the interpretation of
thece findings was that the vitamin B12 deficlency had
been corrected when vitamiln B12 absorption was corrected
by the administration of iron. Cook and Valberg (1965)
could not find evidence of vitanmln 512 deficlency, noxr of
mechanisme likely to lead to vitamin B12 deficienecy, in
1von deficient subjects in whom gastrlc acld secretion and
gastric blopsy were normal. They felt that when vitamin

By o deficlency occurs in iron deficlent subjects, 1t does

1
so ag a result of gastric atrophy.

In rats, Biges et alll (1962) found that iron
deficient rats excreted significantly higher smounts of

ingested vitamin 312 than did iron-supplemented controlsj



impairment of intrinsic factor production was sugscsted
by them as the underlying mechanlism.
243.6 YVitemin B, and Fo hscld.

The relationship between these two haematinle
principles 1s an ilmportant and detailed one, and has been
reviecwed recently by Armstein (Arnsteln, 1965). Counment
is made here on only those aspects relevant to the thesis
subject,

Hoogstraten and his colleagues (Hoogstraten et alil,
1965) determined serum folate end serum vitamin By, levels
in over 200 patients with malignant blood diseases; 1low
folate levels were found in patlents with active diseass,
whereas nost patleﬁts in remission or with mild disease
hed normal values. This correlation d4ld not appear with
vitamin 512 levels. The folate level in patlents with
chronic myelold leukaemla was inversely proportlonal to
the total white cell count.

The folic acid levels and urinary excretion of
FIGLU (formiminoglutamic acid) was studled by Rose (1966)
in patients with leukaemia or lymphoma. He found folic
acid deficiency to be a common complication of these
diseases; some patients showed the bone marrow changes

of megaloblastic erythroid hypoplasia. Cooper and
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Lowenstein (1966) studied patients with low serxrum folate
levels in an attermpt to correlate the serum vitamin 812
and folate levels with megalotlastic bone marrow changes.
Their findings indicated that a patient with a low red
cell folate level or low serum vitamin B,, level in the
presence of a serum folate level of less than k.1 Mmuge/mle
would always show megaloblastlic or macrogranulocytlc
changes 1n the bone marrow.

2¢3.7 Aggesgsment of Vitemin 512 Metabolism.

A summary may well be made at this stage of the
various methods of asgessment of vitamln B12 metabolism,
covering some aspects already mentloned and, in some
instances, anticipating later detall.

In investigative medicine, the followlng methods of
assessment may be usgedi-

1) Serum vitamin By, levels (2ee1, 2e4e2 below)

11) Dinding capacity for vitamin D,, (2.6 below)
111) Plasma cleasxrance (2.3.2 above)
iv) Absorption Studies. These may lnvolve any, or
all, of the following:
a) faecal counting (Heinle et alii, 1952)
b) urinary excretion (Schilling, 1953)
¢) hepatic uptake (Glass et alil, 195k)

30



d) hepatic uptake ~ double label
(Weisberg and Glass, 1966)

e) plasma levels (Doscherholmen and Hagen,

19573 Hall, 1964; Forshaw and Harwood,

1566) .
These techniques have been reviewed by lLollln
(Mollin et alil, 19573 kollin, 1959), Pribilla (1961),
and Lester Smith (Smith, 1965), amongst others,

2ok Vitamin Biz Levels.
2.4.1 HNethods of leagurement.

The number of methods currently in use for the
wmeagurement of vitamin B12 in blood, othexr body flulds
and cells, underlines the blologlcal trulsm which states
that if there are many methods in use for making a
blologlcal measurement, then none of those methods is of

itself entirely satisfactory.
2.4,.1.1 Nicrobiological lethods. NMicroblological

assay 1s based on the observatlon that certain organisms
are directly dependent upon vitamin 512 for théir growth,
and an assessment of the vitamin 512 avallable while
these organisms are growing under controlled conditlons
makes it possible to assay the amount of vitamln 512

present in the growth medium. Iactobaclllus lelchmantl
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was the flrst microbiologlcal assay devised for vitamin

B the difficulties whlch arise with this particular

12?
method, common to all microbiological methods, lie in

the extraction of the vlitamin from the study sample in

the form suitable for assay.

Ross (1952) introduced the refined Luglena gracilis
method of determining vitamin B12 levels in body fluids,
following on the initial work of Hutner and his colleagues
(1949), who discovered that L. gracilis, a relatively
workable organism, required vitamin B12 for its growth.

The assay 1s extremely sensitive (Wagner and Folkers, 1963),
but has several drawbaecks; it is a slow method, i1t requires
speclal equipment, and it is not specific for cyanocobalamiun,
since the organism will respond to other analogues of vitamin

B There are also, inevitably, varlatlons observed when

12°
free and bound vitamin 512 are determined by thls and other
methods (Hoff-Jgrgensen and Worm-Petersen, 1962).

Papain digestion (Hall and Allen, 1964) produced a
two=-fold increase in measured normal vitamin B12 levels,
using E. grecllis ag the test organism, and this increase
wag shown not to be due to stimulation of grewth of the
micro-organism by non-speclfic factors. The yield from

vitamin Blz—deficient subjects was not lncreased, and it



was considered by these workers that papaln digestion
would increase the differentisl between normal and
abnormal values, and give additional assistance in the
diagnosis of vitamin Blz-deflcient states., 7The mode
of action of papain in producing this effect 1s
uncertain,

2.4.1.2 Igotope Dilution Technigues. The basis of
these methodg is saturation analysis, an extension of
technigues used 1n.fermentation chemistry (Smith, 1965).
The sample to be measured is first treated to convert
all activity to free cyanocobalamin and a measured trace
amount of high activity radioactive vltamin B12 is then
added, together with sufficient standardized binding
protein to bind part of the total vitamin Biz‘ Free amd
bound vitamin B12 are then separated and after counting,
results are read from a standard curve. This method
was introduced by Barakat and Zkins (1961, 1963) who
utilized humaen plasma as the protein, and dielysis as
the separstion technique. Rothenberg (1961, 1963) used
intrinsic factor as the binding protein, and precipltation
technigues for separating bound vitamin B,,. e claimed
as advantages for this technique lts sensitivity, 1lts

rapidity, and the ease of obtalning suitable equlpment
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for its performance. Ee points out (Rothenmberg, 1961)
that this method is dependent upon an accuratcly assayed
commercisl preparation, since thls 1ls used at its
statcd value for preparing the standard curve.

Other recent varistions of this technique include
the use of a DIEAL cellulose column for separation
(Frenkel et alil, 1966) and the introduction by liall
{(Hall, 1966) of cyanide to convert all ﬁitamin By, in
the processcd plasma to cyanocobalamin, thus removing
the possibllity of increascd proteiu tinding of vitamln
By, in the hydroxocobalamin form (Hertz et alil, 1964;
leyer et alil, 1965) which would possitly give falsely
low results.

2.4.1.3 Charcoal Technigues. When charcoal 1s
precoated with a large molecule, such as haemoglobin,
it is capable of absorbing only frec vitanin B12' whereas
uncoated charcoal is able to absorb both bound and unbound
vitamin Blz. Usec has been made of this property of
charcoal in measuring vitamin Blz content of serum (lilller,
1957), and more recently, by Herbert's group, for the
assay of intrinsic factor, serun and gastric Julce
unsaturated vitanin 512 binding capacity, scrum antibodies
agalnst intrinsic factor (Gottlleb et slil, 1965), serun
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vitamin B,, levels (Leu et 2l1i, 1965), and erythrocyte
vitamin B, levels (Kelly and Herbert, 1967). The
results obtained with the method of lau ct alil (1965),
which combined isotope dilution with charcoal coating,
were comparable with those ébtained by other means, and
the advantages of greater simplicity, rapidlty,
reproducibility and extenslve range were claimed., However,
1t s epparent that there have been difficultles in other
laboratories in setting up this technique and in achleving
reproducibility (Herbert et alii, 1966).

2.4.1.4 Comparisons of Nethods of lNeasurement. Few
definitive studies have compared and contrasted the various
methods outlined above. Raven et alil (1966) compared the
1sotope dilution charcoal method (Lau et alll, 1965) with
L, leichmanii assays and found a satisfactory correlation
between them, concluding that the radioactive method
compared favourably with the microblological method as far
as reproducibility was concerned,

Hoff-Jgrgensen and Worm-Petersen (1962) compared
E. gracllis, L. leichmanil and wild escherichla coli for
the measurement of sefum binding capacity for vitamin 312.
and found different, but consistent results (see 2.6.1
below for further discussion). These workers stressed that

there was no correlation between the orlginal serum



concentration of, and the binding capacity for, vitamin
Blzl
2.4.2 Serum Vitamin Biz Concentration.

2.4.2.1 Normel Levels. The normal range of scrum
levels of vitamin B,, is from 200 pee/ml. to 1000 pg./ml.,
depending on the method uged, and the particular study
concerned (see references 2.lh.2.2 beloﬁ). Fleming
roeported (Fleming, 19¢6) that in normal Higerians, the
serun vitamin E12 level may te as high as 2000 pg./ml.,
possibly because of an increase in the serunm blading
capacity for vitamin D,.. lierbert et alil (1965) drew
attention to the fsoct that chlorpromazine will suppress
the growth of E. gracllis, and way lead to falsely low

levels in patients recelving this drug.
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2.84.2,2 Elevetion of Serum Vitamin B, . Concentration.

Following the initial description of elevated vitamin B12

levels in myeloid leukaemia (Beard et alil, 195i4e, 1954D1),
several papers were published which confirmed and extended
these observations. DMNollir and Boss (1955) found that the
mean serum vitamin B1z level was greater thew normal in a

group of patients wlth chronic myeloid leuvkaemie, sub-acut
nyeloid leukaemia, polycythaemnia rubra vera, myelosclerosi

and chronic non-myeloid leukocytoslis; the highest levels

=
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were found in chronic myelold leukaemla, and all these
were considerakbly greater thanm normal; almost all the
vitamin B12 was in the bound form. No increase in serum

vitamin B,. levels was noted in patients wlth an ecute

12
undifferentlated leukaemia. It was noted that the
elevated serum vitamin B, level decreased when the
granulocyte count was reduced with radlatlon therapy.
Microbiological methods were also used by
Erdmann~Oehlecker and Heinrich (1956) in thelr studies,
in which they described increases in serum vitemin 312
levels of from two=-fold to fifty-fold in patients with
myeloid leukaemia. They could determine no relatlonship
between serum vitamin 512 levels and the leukocyte
counts, nor the degree of leukocyte maturation, although
in remission, the vitamin Byo level fell, Elevated
serum vitamln B12 levels wore found by them iu some
patients with acute leukaemla and polycythaemia vera.
Rachmilewltz et alil (1957) confilrmed the finding
of elevated serun vitamin B12 levels in chronic myelold
leukaemiaj they found further that these levels were
elevated in myelosclerosis, but not in polycythaemla with
marked leukocytosis. On the baslg of these observatlons,

they suggested that the determinatlion of the serum
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vitamin B12 concentration may be of wvalue in the
differentistion of varlous types of leukaemia and other
myeloprolliferative digorders. Using L. lelchmanii as
the assay procedure, liendelsohn end Watkin (1958) showed
that most of thelr patients with myeloild leukaemla, both
acute and chronic, had elevated serum vitamin 312 levels;
one=-third of thelr patients with chronic lymphatic
leukaemia had elevated serum vitamin 512 levels, The
only other clinical situations in which they found high
serum vitamin Biz levels were in patients who had gross
liver damage due to metastatic malignant dlsease of a
non=leukaemic type.

In addition to the demonstration of increased total
serun vitamin B12 levels in myeloid leukaemia, Raccuglla
and Sacks (1957) found that there was an increase in the
free vitamin B,, seruu level in acute and chronilc
lymphatic leuksemia, unlike the aforementlioned authors.
Banerjee et alii (1960) observed that in chronic myelold
leukaemia, acute lymphatic leukaemis and acute myelold
leukacmia, the mean value for free serum vitamin 312
exceeded the normal free level; 1in the first two clinical
groups, the free serum vitamin 812 level did not account

for more than 20§ of the total serun vitamin B,,, while
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in the latter group, the free serum vitamin 512 was
one-third of the total serum vitamin B,,.

An attempt was wmade by Stahlberg et alil (1963)
to utilize serum vitamin 312 determinations in assoclatlon
with cytochemlcal investigations to classify morpholcgically
those patients with an undifferentlated acute leukaeumia.
¥hile it was found that a high serum vitamin 312 level,
a Alffuse PAS reaction, and a low neutrophil. alkaline
phosphatase score suggested the myelold form of leukaenisa,
and that a normal serum vitamin B12 level, absence of
stalning on the PAS reaction, and high neutrophil alkaline
phosphatase score suggested the lymphatic varlety, 1t was
poncluded that these three investigations were of nc
value in those patients in whom no morphologlcal
classification could be made on the basis of the marrow
appearances alone,

An investigation of the metabolism of vitamin Biz
in twenty patients with polycythaemia vera (Delamore, 1961)
showed that the mean serum vitamin 312 level in these
patients was greater than normal.

In the serles of Hoogstraten et alii (1962), no
correlation could be identified between serum vitanmin Biz

levels and the degree of activity and severity of the



malignant blood disease, although a correlation was
observed between these aspects of dlsease and folate
levels. They also found an elevation of serum vitamin
Bl2 in myelold leukaemia.

Britt and Rose (1966) cited in & case report slx
previous recorded instances of the chance occurrence of
.chronlc myeloid leukaemia in conjunction with perniclous
ansemia. The patient who formed the basis of thelr
report had a normal circulating level of vitamin B12
when other c¢linical evidence of vitamin B12 deficlency
was present.

Britt and Bose suggested that an increase of serun

vitamin B, ., binding ay globulin in theilr patlient had

12
resulted in rapid depletion of tissue stores, which in
turn led to megaloblastic erythropoiesis. (The evidence
of these present studles suggests that one other factor,
namely, the post-gastrectomy state, may contritute to
demonstrable vitamin B12 deficiency in a patient with
chronic myelold leukaemia; 1t is well known that vltamln
B12 deficiency 1s a common occurrence in patients after
gastrectomy (Deller and Witts, 1962).) It was also
suggested by Britt and Rose that the vitarin 812 present

in excess in chronic myelold leukaemia was not avallable

for normal haematopoietic metabvolism.
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Disorder of liver function has been advanced by
sonc as a possible explanation of the high serum vitamin

B 2 level seen in certain leukaemias; 1t Ls certalnly

1
recognised that liver dlsease may be assoclated with an

increased level of serum vitamin B,, (Jones et alil,

19573 Rachmilewltz et olll, 1956)3 it has been suggested

that this increase was due to an increase in the serun
binding capacity of plasma protelns as & result of
abnormalities in the protelns caused by the underlying
livesr discase; others have falled to conflrm this
postulate (Stevenson and Beard, 1959).

In patients with malignant disease in which hepatic
metastases have occurred, increased serum vitamin 512
levels were demonstrated by Rachmllewitz'! group
(Grogsowicgz et 2111, 1957), but normal levels were
pregsent in patients with malignant disease 1n which
there were no hepatic metastases; they suggested that
this finding in patients with hepatic netastases was
due to release of stored vitamin B12 from demaged liver
cella. lendelsohn and Watkin (1958) also found elevated
lovels of vitamin B12 in patients with malignant disease

and hepatic metastasesg.
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A further relevant paper has recently been published
from Booth and lMollin (leale et alii, 1966), who made use
of serum vitamin B12 lovels to differentiate intra-hepatic
gsepsis from extra-hepatic sepsis. Intra-hepatic sepsis
was assoclated with a raised serum vitemin B,, level, and
clear differentiation from extra~hepatic sepsls was
possikle with this laboratory investigatlon, which could
not be achieved with other standard liver function tests.
Although they considered the possibllity that the ralsed
sexrun vitamin 512 levels may have been due to increased
granulopolesls, the fact that they were able to demonstrate
a markedly elevated serum vitamin B12 concentrstion when
the white cell count was normal suggested strongly that
the increase was due to liver cell breakdown.

Grisbeck (1960) summarised the state of kmowledge
at that time by concluding that the high levels of serum
vitanin Biz observed in blood dyscraslas and llver dlsease
were probably secondary phenomena, resulting from the
underlying pathological processes, rather than features
of the mechenlsms causing the disease. There 1ls little
reason to modify this proposition at the present time.

2.3 Vitawmin 812 Content of Erythrocytes.
It has been asserted that the erythrocyte levels
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of vitamin B12 may be a more faithful reflectlon of
tissue stores than the serum level in diseases in which
the seruz level 1g abmormal (Kelly and Herbert, 1967),
on the grounds that vitamin 812 enters mainly the
reticulocytes, and not mature erythrocytes (Retief et
alii. 1967b). Xelly and Herbert found that the level
of vitamin B12 in the erythrocytes of normal subjects
varied from 30% to 90% of the serum levels. Biges

et alil (1964) showed that the vitamin B,, content of
red cells was normal in patients with chronlc myeloid
leukaemla, even when the plasma velues for vitamin B12
were ralsed. In chronic lymphatic leukasemla and acute
leukaemia, they found that red cell levels were usually
normal,

In an earlier study, Beker et alil, (1957) found
that although cellular (erythrocyte and leukocyte
presumably) vitamin 212 levels were reduced in pernicicus
anaemia, they were relatively hlgher in comparison with
Plasma vitamin 312 levels, than comparable normal values.
They suggested firstly, that vitamin 312 was avallable
for the inltiation of erythrocyte formation, but not
for normal maturation, and secondly, if this postulate

were correct, that the plasma levels of vitamin B12 in
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pernicious anaemiz reflected tlssue stores more falthfully
than the cellular levels.

2.4.4 Vitemin 312 Content of lLeukocytes.
liollin and Ross (1955) found that the vitamin By

concentration of leukocytes was low in comparison wlth
the concentration in other body tissuesiy 1t was also
suggested that the vitamin B12 content of chronic myelold
leukaenic leukocytes was less than that of chronice
lymphatic leukaemic leukocytes.

Iaﬁkocytes obtalned from leukocyte-rich plasma were
homogenized prior to measurement of thelr vitamin B12
content in the study by Thomas and Anderson (1956). They
were able to demonstrate no difference between the vitamin
512 concentration of leukocytes from leukaemic patlents
having normel serum vitamin B12 levels, and the vitamin

B,, concentration of leukocytes from leukaemic patients

12
with high serum vitamln B12 concentrations. Thelr
series of patlents was small (ten in all) and no detail
of total or differentlal leukocyte counts was glven.
These studies were extended later to a larger series of
patients (Kidd and Thomas, 1962). Nean values for total
leukocyte levels of vitamin Blz in this series were low

in chronic myeloid leukaemia, normal in chronle lymphatic



leukaenia, and elevated in acute leukaemia. The total
leukocyte vitamin B12 level tended to be high when

there was a high proportion of primitive ¢ells present,
There was no demonstrable relationship between the serum
and leukocyte vitanin 312 concentrations, nor between

the cellular vitanmin B12 concentration and the peripheral
leukocyte count. UNo indication of the therapeutlc
response could be obtalhed from the initlal total
leukocyte vitamin B12 level. They reached the conclusion
that the low level of total vitaniln 312 in leukocytes

of chronic myeloid leukaemia did not support the
hypothesis that the high serum vitamiln B12 levels are

due to release of the vitamin from the leukaemic cells;

neither did 1t disprove it.

295 YVitamin B12 and Intrinsic Factox.

2.5.1 Intringic Fagtor.
It was only three years after the discovery of the

active liver extract that Castle postulated the existence
of the intrinsic and extriusic factors (Castle and
Townsend, 1929), and little alteration has been necessary
to Castle's original hypothesis to allow it to remain in
harmony with the present state of knowledge. Kowever,

although the molecular detall of the extrinslc factor has
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been known for some years, a great deal stlll remains
to be dlscovered sbout the chemical nature and detalled
mode of action of the intrinsic factor; The literature
on intrinsic factor has been extensively reviewed by
Glass (1962, 1963, 1965).

It is generally accepted (Glass, 1965) that hunan
gastric intrinsic factor has a molecular weight of above
40,000, has the ability to bind preferentially large
quantities of vitamln 812 and its analogues, and 1ls
resistant to papain and trypsin digestion, storage, freeze
drying at a neutral pH, and alkalinization up to pH 10,0.

Latner, who introduced the use of paper electro-
phoresis for gastric juice separation (Latner et alli,
1953), found that the majority of vitamin B12 binding
activity was present in protein peaks other than those
in which intrinsic factor activity was found. Berlin
et alii (19%9) reached similar conclusions regarding
certain commercially available intrinsic factor
concentrates, although they were later (Berlin et alil,
1961) mble to show a correlation betwesn the vitamin

B.. binding materisl and intrinsic factor activity in

12
hog intrinsic factor concentrates obtained from thelr

own processing. Barlow and Frederick (1959) also showed,



by combining autoradiography with horizontal paper
electrophoresis, that the major proteln components of
hogz intrinsic factor concentrates were not the same

ag the mgjor vitamin B12 binding components. Latner
later (1958) identified three highly purified extracts
of intrinsic factor, having molecular welghts of

5,000, 15,000 and 40,000, which were apparently
homogenous mucoproteins; the two with smaller molecular
welghts had lower vlitamln B12 binding actlvity then dld
the heavier component. Much of the more recent work,
such as that of Chosy and Schilling (1963) hes made use
of recently developed techniques, lncluding ion exchange
chromatography, gel flltration and electrophoresls, to
attempt to separate the actlve principle of 1intrinsic
factor,

Glass (Glass et alii, 1957) has suggested for some
years that what 1ls termed {intrinsic factor may well
represent several different protelns from gastric mucosal
extracts, having a common prosthetic group and thus
possesseing intrinsic factor activity; they may well arise
from o common precursor. Glass more recently (1963, 1965)
has speculated that intrinsic factor may nct even be a

direct secretory product of gastric glands, but may be
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formed during the process of activation of proteolytic
enzymes in the stomach.

These concepts of protein complexity and lability,
and thelr relationship to the binding of vitamin B12
have relevance in the consideration of vitamin 312

binding to serum protelins.

2¢5.2 YVitamin B,, Bindins Capaclity of Gagtric Julce.

crisbeek (1956), in his own studies of the vlitamin
B12 binding properties of human gastric Julce, has
reviewed the prior literature on the subject. He used
techniques of starch gel electrophoresis and dlalysis in
nis method, and showed initially that the binding capacity
of gastric Julce was four times that of saliva from the
same person. Grisbeck considered that saliva, which had
one vitamin B,, binder, could be excluded as an important
contributing factor to the gastric Julce binders of
vitamin B12‘ He found two vitanin B12 binders in gastric
Julce; one, a slowly migrating one, was heat labile, and
had & strong affinity for vitamin Blz' while the other,
a more rapldly migrating one, was more heat stable, and
dissociation from bound vitamin By, increased with time.

Pepsin digestion slowly diminished the vitamin B12
binding power of gastric Jjulce, whille acild incubatlion



augmented the faster migrating vitamln 312 binding peak.
Grisbeck concluded that his studies supported the view
that the vitamin B12 binding pringipla and intrinsic
factor were identical. Berlin et alll (1561) reached the
gsame conclusions regarding their hog intrinsic factor
concentrate, although they had previously found differing
activities in other intrinsic factor preparations

(Berlin et =lil, 1959).

Leter studles from this group (Grasbeck et alii,
19623 Simons, 1964; Simons et alli, 1964) have indicated
that there may be three binders of vitaumin 312 in gastric
juice, of which one, "R", appeared to be comumon to sallivs,
gerum and leukocytes, and did not possess intrinsic factor
activity. The other two binders "S" andg "I" (whlch 1s
possibly e digestion product of "S*), separated by ion
¢xchange cellulose, cross-linked dextrans and Pevikon
slectrophoresis, had intrinsic factor activity. The
molecular weizht of "S" was estimated at 93,000.

Gullberg (19€0) rcviewed the evidence for the
agsgocilation of intrinsic fsctor with vitamin 512 binding
(GrAsbeck, 19563 Castle, 1959), together with the
evidence for vitemin BIZ binding by substances without
intrinsic factor sctivity (Gregory and Holdsworth, 1957),
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and for the low vitamln B12 binding capaclty of substances
with high intrinsic factor activity (Latner, 1958). 1In
this study, Gullberg measured the vitamin B12 binding
capaclty of gastric juice (Reizenstein, 1959b) which was

incubated with Co60

~labelled vitamin 312. dlalysed,
subjected to paper electrophoresis and subsequent auto-
radiography. Two vitamin 512 binders were found, one of
which, a slower anodically rigrating proteln, was always
present in normal gastric julce, and in the gastric julce
of patients with histamine fast achlorhydria and a normal
Schilling test, but which was invariably absent in the
gastric juice of patients with perniclous anzemia. 1In
some patients with achlorhydria and a normal Schilling
test, a slower vitamin B12 binder was identified followlng
parasyzpathetic stimulation. Gullberg belleved that the
slower moving vitamin B12 binder was related to intrinslc
factor, and found 1t difficult to recouclle these findings
with the view of Grasbeck, that thls was a breakdown
product of peptic digestion, since the binder was
invariably present in the achlorhydric state, and since

peptic digestion did not produce any slgnificant
differences in the pattern of vitamin B12 bindinge.
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Glass' group (Uchina et alli, 1964) measured the
vitanin 512 binding capacity of human gastric juice, and
performed separation vy paper electrophoresis. The
gastric julce from two patlents with pernicious anaemia
bound significantly less vitamin Blz than normal. The
maln vitanmin 312 binding areces were identified on the
snodic side of the elecctrophoretic pattern, and were
desicnated primary and secondary. There was no corrclation
boetween the binding of vitamin B12 by the primary and
sccondary tinders, and the total concentration of proteln
or carbohydrate in the biluding arca of the electrophoretogram,
In the anacidic gastric julce of patlents with perniclous
sneemia, and in the gastric Jjulce of paticnts wlth
histemine-fast anacidity without pernicious anacrla, the
primary binder wes low ln content, or absent, and the
secondary area of binding was always aksent; however, a
tertiary arsa of intermediate mobility was noted in these
instances.

Gerbert and his colleagues (Gottlieb et alliil, 1%$65)
applied thelr technique of charcoal separatlon and isotope
dilution to the measurement of the unsaturated vitemin 512
binding capacity of gastric julce. They uhave more

recently applicd the technique of DZAE cellulose chromat-



ography (Retief et alii, 1567a) to the separatlon of
radiosctive vitamin B12 labelled gastric julce, and
found that there were two peaks of vitanmin BIZ binding
material, one of which contalned all intrinsle factor
vitamin Blz binder (as well as some non-intrinsic factor
vitamin B, binder), and the other consisting of
non=intrinsic factor bpinders. Gastric Jjuice from
patients with pernicious anaemle produced two peaks

of vitanmin B12 binding material, both of which lacked
intringic factor activity. Although they admitted that
the technique used does not yleld indlvidusl, discrete
proteins, they felt that the patterns observed tended

to confirm the simllarity between gastric Juice
non=intrinsic factor vitamin 812 binder and the galivary
vitanmin 312 binder; they also felt that the principal
beta binder of serum may not be the same binder as the
beta binder of saliva and gastric Julce.

It has been demonstrated by liyberg et alil,[1961)
that the tape~worm Diphyllobothrium latum was capable
of splitting the complex formed between vitaumin B12
and its binding protein in human gastric Julce, in such
a manner that the bound vitamin was liberated in a

dialysable form. They considered that the parasite
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contained an enzyme which was capable of liberating the
bound vitamin B12 as such, and which may have prevented
the vitamin B12 from being bound to the protein with
which 1t was normally essoclated in gastric Julce,
Abels et alii (1963) have made use of the vitanmin
B12 binding capacity of gastric Julce as a means of
assaylng the level of circulating antibody agalnst
intrinsic factor. Using dialysis techniques and radio-
active vitamin 312‘ they showed that eleven patlents
with enti-intrinsiec factor antibody 1in thelr sera had
diminished vitamin 312 binding capacity of their gastric
julce, whereas zastric Julce from twelve patlents whose
sera were inactlve in respect of anti-intrinsic factor

antibody did not have a decrease in the binding capaclity
for vitamin B12.

2.6 In Vitro Vitemin By, Binding Capacity of Plasma
ontel;}gc

It 1e again necessary in this section to include
under the one general heading material relating to two
theoretically dissimilar situations, namely, serum proteln
binding,and plasma protein binding. Later results
reported in thls work show that therevis no difference,

from the point of view of vitanin 512 binding, between
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serum and plasma, and for this reason studies on serum
biuding and plasma binding have been included in this
one category.

lieyer (1965) has recently reviewed thls subject
in detail,

2461 In Vitro Vitamin 312 Binding Capacity of

Plasme_Protelns - lethods of Determinaticn,

2,6.1.1 General. Nany blologlcal substances are
bound to plasma proteins, and frequently, this binding is
highly specific, both for the protelu and the ligand.
Among the instances cited in MHurphy's review (hurphy, 1964)
of the application of proteln btinding to assay procedures
are antigen/antibody complexes, certeln hormones and thelir
specific binding globulins (such as thyroxin), vitamin Byp
and its globulin(s), and metals such as iron and copper,
and thelr specific binding proteins transferrin and
caeruloplasmine.

liany different methods have been descrived for
measuremnent of vitamin 812 binding capaclty; some rely
cn the radioactive forms of the vitemin for its
jdentification in the particular technigue involved, and
others use microbiological methods of measurement. The

technlques used include dialysis, charcoal separatiocn,



TABLE II.

Miller, 1958

A COMPARISCN OF VARIOLS DIALYOIO METHODS FOR Il VITQO B@ASUR§§§H§ OF
SERUNM VITAMIN 812 BINDING CAPACITY - I, MATSRIALS
Amount_of
Authors Detectlon Vitenin B, Incubation
Added
60 (nge/ml.)
Bertcher and Meyer, 1958 Co 1-500 2 Hrs., BRoom
Meyer et allil, 1957, 1961 C060 1-100 2 Hrs., Boon
Rertcher et alii, 1960 0060 1-125 2 Hrs., RHoonm
Meyer et alil, 1963 coo? 1-100 2 Hrs., Room
(E. gracilis)
Miller and Sullivan, 1958 0060 Excess 1 Hr., 22°C
Hoff-Jgrgensen and
WormePetersen, 1962 Various Excess Roon
Two~ to
Rosenthal and Austin, 1962 Ccoéo three-fold # Hr., BRoom
excess
Rosenthal et alil, 1965 o0 Excess ?
Heller et alii, 1964 L. liechmannii Excess I Brs., 4°C
o0 10-100 1 Br., 37°C

Present Study

temp.
temp.
temp.
temp.

temp.

temp .



TABLE II1I.

A COMPARISON OF VARIOUS DIALYSIS METECDS FCOR IN VITRC NEASURENENT OF

SERUM VITAMIN B12

Authers

Bertcher znd Meyer, 1958
lieyer et alili, 1957, 1961
Bertcher et alii, 1960
leyer et alli, 1963
liller, 1958

liller and Sullivan, 1958

Hoff-Jgrzensen and
Worm-Petersen, 1962

Hosenthal and Austin, 1962
Eosenthal et alli, 1965
Heller et alii, 1964

Present Study

Q%Eat;on
Lrs,
L8
438
48

148

24, 48
9

72
Overnight
L8

96

Iemperature

Cold
Cold
Cold
Cold
(4°c)
22°c
Room temp.
4°¢c
4
4°¢
4°c

BINDING CAPACITY - II. CONDITIONS OF DIALYSIS

Buffer

Running tap water
Bunning tap water
Bunning tap water

Hunning tep water

Phosphate
Saline

Phosphate
Acsatate

Saline

Tris phosphate



and various protein fractionation methods based on paper
eclectrophoresis, and various gel and cellulose column
separation methods.

2.6.1.2 Dialysls Technigues. These techniques
require the addition of an excess of vitamin 812 to the
test sample; followlng a period of incubetion, dlalysis
1s carried out to remove the excess, unbound vitamin from
the test semple. It is then assumed that all vitamin B,
remaining end detectable, by elther microbiological assay
or radioactive counting, within the dlalysis bag 1s bound
to protein., In reviewing the various methods below, 1t
will be apparent immediately that there arc marked
variatione in the detail of these technlques, and in the
physical conditions of the in vitro experiments. For
case of reference, these methods have becn summarized in
Tebles II and III. An initial part of this present
iuvestigation was to assess the significance of the large
number of variables in the dialysis methods before any
comparison could be attenmpted between values obtalned by
any two different methods.

lcyer snd his co-workers (Bertcher and leyer, 1957
Meyer et alil, 1957; Bertcher et alil, 19603 Meyer
et alii, 1961) added allquots of from 1.0 to 500 mpg. of
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radioactive (C°60) vitemin B, , to their 1 ml. serunm
samples, and incubated the materlal 1n a Visking bag

at room temperature for two hours; they then dlalysed
this material for 48 hours agalnst cold running tap
water. The commonly used amounts of added vitamin B12
were 1, 2.5, 5, 10, 25, 50, and 100 mpg./ml. The
radloactivity of the bag and 1lts contents was measured
after the bag had been dissolved in concentrated
sulphuric acidj thus the radloactivity after dialysis,
representing bound vitamin B12' included that bound to
the bag, and to the preclpitate which presumably ( it is
not mentioned) was formed durlng dialysls. Thls group
felt that continuing dialysls for 72 or 9¢ hours dild

not decremse the residual activity further than the 48
hour period used. They also found that dialysis against
normal saline, 6% dextran in normal saline, and normal
human plasma gave similar results to dialysis conducted
against tap water. lieyer et alll used the same basic
technique, with a change of isotope to 0057-cyanocobalam1n.
in their studles of the serum binding effects of vitamin

B, . analogues (lieyer et alii, 1963). hiller and Sullivan

12
(Miller, 1958) used both isotopic and microbiological

methods in their early studles., They diluted serum with
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co® vitamin B,, and phosphate buffer and placed it in

12
Visking dialysls bags, allowing an hour for incubation
at 22°C. Dialysis of the 9 ml, sample was carried out
against 250 ml. phosphate buffer, pH 7.3, at 22°C,
initially for a period of 24 hours, and later, for 48
hours, although no explanation was given for this change
in length of dialysis time. They found that similar
bindinug results were obtained whether dlalysis was
performed in the cold (4°C) or at room temperature
(22°C); the biuding to the dlalysis bag was higher
at 22°C (4-8%) than at 4°C (1-2%), They also stated
that there was no difference produced in binding when
other solutions were used in place of the phosphate
buffer for dialysls; those tested included distilled
water, dextran, barbital buffer, and normal sallne.

The comparative study of Hoff-Jgrgensen and
Worm-Petersen (1962) 1s discussed in detall below
(24641.6)3 they performed their dlalysls procedure
agalnst saline for nine hours at room temperature.

A study of the unsaturated vitamln B12 binding
capacity of various animal sera wes carried out by
Rosenthal and fustin (1962) using dialysis techniques.

60

They incubated the 0.3 ml. samples with Co "-vitamin B12



in two- to three=fold excess for 30 minutes at room
temperature. The dialysls bags were placed in 50 ml,
tubes of buffer and refrigerated at 4°c in the dark

for 72 hours; buffer was replaced at regular intervals.
Heller et alll (1964) measured vitamin By, binding
capaclty by the L. lelchmanil method, after incubatlon
of the sample with excess vitamin B12 for four hours

at 4°C, and dialysis at 4°C for U8 hours against

sodium chloride.

2.64143 MNMicroblolegical Te nesg, At least two
groups have used microblolozical techniques to measure
the total binding capaclty of vitamin B12' without
dialysis. Rachmilewitz et alil (1957) measured the
binding of free and bound vitanin B12 after excess
crystalline vitamin 512 had been incubated with serum
for 24 hours at 4°C,

Eanerjee et alil (19€0) used microblological
techniques to measure the in vitro vitamin 312 binding
capacity in 51 subjects; they added 5,000 pug. vitamin

B to 1 ml. serum, and measured the vitamin B12 content

12
of the mixture following incubation for 2 hours at 37°%C.
They considered the results obtained for the bound form

to represent the binding capacity of the scerum.
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2,641.4 Chsrcoal Technigues. In her studles of
vitemin B,, binding in perniclous anaemla, Christine
Lawrence (1966a, 1966t) used the charcoal separation
technique of lNiller (1957) for measuring vitamin B,,
binding capacity. An excess of radioactive (0057)
vitamin B12 was added to the test serum, and after
incubation at 37°C for 30 minutes, removal of the
unbound vitamin 312 was effected by centrifugation
with charcoal. Gottlieb et alii (1965) also used the
techniques of charcoal assay for determination of serum
unsaturated vitemin Blz binding capaclty.

2.6.1.5 Protein Fractionation Technigues. Several
groups, beginning with Deard and Pitney (Pitney et alll,
1554) relied on the different electrophoretic mobilities
of bound and unbound vitamin B12 for the separation and
neasurement of vitauln 512 tinding capacity of tlood
proteins, Plitney et alii (1954) used paper electrophoresis
after the addition of excess crystallline wvitamin B12 to
determine the differential binding of the vitamin to
electrophoretically separeble proteln fractions. Ilft
(1964) used zinc sulphate and sodium hydroxide
precipltation to separate free and bound vitamin 312' and

measured the capacity for vitamin B12 bindiug with



radiosctive isotopes. The incubation time chosen was
20 minutes at 3?°C. although 1t was steted that the
binding reaction was complete at five minutes, over a
range of temperature from 0% to 40°C, Ion exchange
cellulose columns were utllised 5y Gabuzda et alil (1965)
to differentiate free vitamln 512 from protein bound
vitanmin 512, after prior incubation with an excess of
vitanin B12 and dlalysis agalinst the starting buffer
used for column chromatography. They selected

%, gracllis for assay of vitamiln Blz in thelr column
fractions,

In their in vitro studies, Hom et alil (1966)
added approximately 0.2 ng. of Co®(-vitamin B,, per
millilitre to normsl and chronic myeloid leukaemic sera,
which were then applied to DEAE Sephadex, CH Sephadex
and Sephadex G200 columns, while approximately 0.4 ng.
of 0057«v1tam1n 312 per rnillilitre of serum was added
for paper electrophoresis. Thus, the binding capaclty
in most instances was unlikely to be exceeded; this
creates further difficulties in comparison of these
results with others in which saturatlion of the binding
capacity of plasma proteins for vitamin B12 was

sought.
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2.6.1.6 Comparison of Nethods. Hoff-Jgrgensen

end Worm-Petersen (1962) made a comparison of four
methods of assaying serum binding of vitamin B12.
Different results were obtalned using dialysis,

L. leichmanii, E. gracilis, and uptake by wild E. collj
however, the differences were consistent. It was also
shown that there was no correlation in eny of the four
methods tetween the binding capacity for vitamin B12
and the original serum concentration. The dlalysis
method and the wild type E. coli gave good agrecment on
binding; the vitamin 812 unavailable for L. leichmanii
increased almost in proportion to the totalvvitamin Blz
concentration, while that unavailable for L. graclilis was
almost constaﬁt. Thegse authors proposed that the serunm
vitazin 312 binding capacity should be defined as that
amount of vitamin sz per millilitre of serum which 1s
non-dialyseble at an initlal concentration, such that
more than one-quarter, and less than one~half of the

total vitanin B12 remaing undialysed.

2.6.2 In Vitro Vitemin By, Binding Capacity of
Pl Proteins - Val =

Because of the wide range of methods -employed, and

the .lack of consistent agreement within these procedures,
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it is of little worth to compare absolute values obtalned;
1t 1s of considerable value, however, to compare and
correlate the patterns of binding determined bty various
means in both normal and abnormal clinical situations.
2.6.2.1 Normal Patterng. Bertcher and lieyer (1957)
showed that as the amount of vitamin 312 added was
increased, the fractlon whick was bound fell, whlle the
absolute amount bound rose. Thelr results showed higher
binding than those determined by microbioclogical assay;
that thls increased binding wae not due to ionic cobalt
resuiting from vitanin B12 breakdown was shown by very

different results obtained by them with 0060012 in

comparison with 0060

-~vitanin 312. They sugesested that
the vitanin Biz avallable for microblologlcal assay may
not represent the totel vitamin bound to serun proteins;
the work of Hoff-Jgrgensen and Worm-Petersen (1962) has
confirmed this. They further postulated that the
primary binder of vitamin 812 was quickly saturated at
normal levels, aud that non-speclfic binding took place
to other protein fractions at higher concentrations.
These same workers demonstrated, from these and

later studies (lieyer et alil, 19573 DBertcher et alii,
1960), that the binding of vitemin B,, to humen serum



proteins in vitro occurs in two phases, an initial phase
which is constant for normals, but which is increased
in most patients with myeloid leukaemia and in some
patients with polycythaemia vera (Meyer et alli, 19573
Leyer et @alli, 1961); in the second phase of binding,
there was less avidity for the vitamln, but this avidity
was equal in health and disease., They showed (Bertcher
et alil, 1960) that it was reasonable to assume that
radiosctive vitamin 312 and "cold" vitamin B12 possessed
the same properties of serum binding. The flrmness of
the binding process was demonstrated by adding larger
quantities of non-radloactlve vitamin B12 to protein
previously bound to radioactive vitamin sz' without
altering the original binding relationship. They found
that in vitro binding commenced within 20-40 seconds,
and after two hours the bond was not able to be
disturbed.

¥iller (1955) considered that, over a four-fold
range of added vitamin 312. binding was only slightly
inecreased. He suggested from this study., in which

isotopic and microbiological methods of measurement were

used, that a larger smount of the radicactive vitanin B12

bound by norma) serum was measured as free vitanin B12

63



6l

by the E. gracilis method. This may also be a factor
contributing to the high free levels of vitamln B12
which were demonstrated by Banerjee and his colleagucs
(Banerjee et alll, 1960).

The unsaturated binding capaclity for vitamin B12
of sera from differing specleé measured by Bosenthal end
Austin (1962) ranged from 0.29 ng./ml. in the alligator
to 6956 ng./ml. in the chinook salmon. Although there
were exceptions to the general rule, it was apparent
that the vitamin B12 unsaturated binding capacity of
serun was hicher in animals with nucleated erythrocytes
than in those with erythrocytes which had no nuclel,

2.6.2.2 Abnormal Fatterns. liollin and Ross (1955),
using microbioclogical techniques, reported that in thelr
leukaemic patients in whom they were able to demonstrate
elevated serun vitamin 812 levels, most of the vltamin
was in the bound form, end was associated with an lucreased
capacity for binding vitamin 312' These [indings were
confirmed by Rachmilewitz et alii (1957) and by Raccuglia
and Sacks (1957).

The initial serles from kKeyer and hls colleagues
(Neyer et alil, 1957) conteined 14 patients with chronic

myelold leukaemia, of whom 10 had unequivocal elevation



of vitamin 312 binding capacity, 2 had borderline levels
and 2 were within the normal range. Uslng the 25 mpg./ml.
level of binding as a reference point, they found falr
correlation between the binding capacity for vitamin B12
and the leukocyte ocount, and a less impressive correlation
with the absolute myeloblast count. Increased vitamin 512
binding capacity was also demonstrated in some patients
with acute myeloid leukaemia, and in some with other blood
diseases, including polycythaemis vera. In thelr later,
larger series (Meyer et aliil, 1961) these findings were
confirmed and extended. The increaese in vitamin B12
binding in patients with myelold leukaemla was agaln shown
to occur in the first phase of binding. No relationshlp
was apparent between the vitamln B12 binding capacity and
increased seromucold levels seen 1in certaiﬁ neoplastlc
diseases. They consldered that the slow fall in vitanmin
B12 serun levels and serum binding capacity after the
commencement of therapy could represent persistence of

the previocusly elaborated binding substance. They
mentioned three possible reasons for the elevated vitanin
312 binding capacity in myeloproliferative disorders,
between which they were not able to differentlate; these

were, firét. that the increase may result from an 1lncrease
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in the number of binding sites on specific proteln
molscules, second, that an abnormal binding substance
elaborated as part of the dlsease process may be
responsible, and third, that leukocytes or thelir bregk-
down products may be responsible for the increased
vitamin Bl2 binding.

liller (1958) also showed that, in chronic myeloid
leukaemia, the unsaturated vitemin B12 binding capacity
and the total vitamin B12 binding capacity were bhoth
elevated., OCpeculations were also advanced concerning
the several possible explanations for this phenomencn.
Further aspects of this study relating to the protelins
responsitle for binding vitamin B12 are discussed belowe.

Although other workers (Beard et alli, 1954a;
lollin and Ross 19553 Rachmllewltz et aliil, 1957)
considered that most, 1f not all of the increased vitamin
B,

12
Banerjee et alil (1960) found that the free vitamin B,,

in serum of leukaemic patients was in the bound form,

level was increased in patients wlth leuksemia. In
chronic myeloid, acute myelold and acute lymphatic
leukasemia, the mean value of free vitanln 812 was greater
than normal, the acute myeloid form having the highest

relative incrcase. A poesible explanation for thils
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finding has been mentioned above (2.6,2.1) in discussing
the work of Miller (1958).

The results obtained by Heller et alli (1964) were
similar to those of leyer's group mentioned above;
inecreased binding occurred with increasing amounts of
vitamin B,, added, and a biphasic curve was observed,
suggesting that there are two (or more) binders of vitanmin

B Heller et alil regarded the point of intersection

12°
of the primary and secondary slopes as the "unsaturated
binding capacity®, and the result obtalned by adding this
figure to the measured serum level of vitamin B12, they
referred to as the total binding cepacity. This group
found that the unsatureted binding capaclty in patlents
wlth vitamin B12 deficiency was not signiflcantly
different from normal, but, because of the initial low
gerun level, the total binding capaclty for vitanmin Biz
was diminished, probably due to decreased tissue binding.
They postulated that vitamin B, stimulates the synthesis
of its oun binding protein in tlssues as well as in
plasma., Herbert's group (Gottlleb et alii, 1966) have
recently reported confirmation of the reduced vitemin

512 binding capaclty in untreated patients with pernlclous

anaemia.
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27 Vitamln 312 Bindlng Proteing.

2.7.1 Proteln aAlterations in Dlgeage.
It iz relevant to refer only to those alterations

of plasma protein in disease states whlch have some
relevance to the immediate subject of thls study.

It has been known for some years that the mucoprotein
content of plasma of patients with melignant disease 1s
higher than normal (Winzler et alii, 1948). However, no
patients with leukaemia were included in the group
studied. Rundles et alil (1954), using the Tisellus
technique, examined the serum protein patterns of over
200 leukaoemic patlents, and although a relative
hypoalbuminaemia and increase in globulins was demonstrable
in most of the serlously 111 petients, these were considered
to be non-specific effects. liore recently, Eyde and Garb
(1965) assessed the incidence of the occurrence of
C-reactive protein in paticnts with leukseniaj it was
detected in 693 of patients with acute myeloild leukaenla,
50% of'pétients with chronic myeloid leukaemla, and in
32% of those with chronic lymphatic leukaemla. They drew
attention to the possible relevance of this finding to

the search for leukaemic-speciflc antigens.



Raccuglia and Sacks (1957) stated that, in thelr
patients with chronlc ﬁyeloid leukaemia in whom increased
vitamin 812 binding capacity was demonstrated, there were
no gross abnormalities detectable 1n the serun proteins
by paper electrophoretlic separation.

In a study of the interrelations of human serum
protein fractlions, Brackenrlidge (1964) showed that there
was a highly significant (p less than 0.001) correlation
coefficlient between albumin and ay globulin levels in
patienﬁs with melignant disease, which was not present in
healthy persons, pregnant womeu, and in cirrhotics. ie
considered that albumin may be broken down in certain

globulin

malignant diseases to material possessing ay B

mobility.

zaston and hils colleagues (Easton et alii, 1962)
neasured the levels of orosomucold and enother ay acid
glycoprotein in normals and in abnormal states. They
observed a rise in both proteins following surglcal
procedures;y the aq acld glycoprotein rose to a pesk
within 2=-3 days and fell agaln to normal over a sipllar
perioed, while the orosomucoid fraction rose more slowly
over 4=7 days and returned to normal 10-14 days later.

Zstimation of these two proteins in 24 patlents with a
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variety of diseases (but not myelold leukaemia) showed
that they may vary independently of sach other.

Occaslonal plasma protein abmormalities have been
described in paetients wlth vitamin 312 deflciencye.
Neill and Weaver (1958) studied by paper electrophoresis
the plasma proteins of 30 pernliclous anaemia patients
and found, in the untreated patlents, reductlion of the
total protein and of certaln components, especlally
elbumin; alpha and beta globulin levels were also
decreased. The fact that the total protein level and
the level of protein fractions returned to normal after
treatment sugrezted to these authors that vitanmin BIZ
exerts an influence on proteln synthesis. Support for
these findings came from van Dommelen et alii (1963),
who added reversible hypogammaglobulinaemia to the

other abnormalities described by Nelll and Weaver.,

2¢7+2 Vitamin B12 Binding Proteins = Technigues
of Separation and Identiflcation.

Since the development of new and reflned techniques
of protein separation has played an important part in the
increase of knowledge of the vitamin BIZ binding protein,
it is pertinent to mention briefly the methods avallable,

end those chosen by various authors, slnce these
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undoubtedly have an effect on the results obtalned and
their interpretation. The techniques of proteln
separation which have been used include paper, starch
gel, and starch block electrophoresis, and verious forms
of column chromatography. The theory and practice of
these methods of protein separailon are outside the
secope of this present discussion; they are well covered
in recent reviews (Peterson and Sober, 1960; Tombs

et alii, 19613 Tisellus et alli, 1963; Kekwick, 1966).

In their initial studlies using DEAEL cellulose
columns and gradient elution, Fahey et alii (195€)
identified an alpha globulin as a vitamin B12 blnder
by means of L. leichmamnnii sssay, conflruing the
carlier observations of Pitney, Beard and van Loon (1954)
and of Ieinrich and Lrdmann-Cehlecker (1956a), who used
the techniques of paper electrophoresls together wlth
microbiological assay. liendelsohn et alii (1958) used
similar techniques of column chromatography to extend
these obscervations.

Others have approached the problem by using
precipitation techuiques, alone and in combination with
other methods, to separate and identify the vitamin 312
binding proteins. Weiustein et alil (1$59) uscd a
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perchloric acid-phosphotungstic acld technique, together
with the method of Weimer et zalii (1950) for separation
of the mucoprotein fraction I‘P-1 in their approach to
the problem.

1iller and Sullivan {(killer, 19583 Eiller and
Sullivan, 1959b, 1961) used firstly paper electrophoresis,
then protein precipitation methods (Winzler et alil, 19483
Lever et alii, 1951) and later starch block electrophoresis
in their work on the vitamln 312 binding protein. Hell
and his group have also used several methods of fractlon-
ation in thelr several studies; these have included Geon
block electrophoresis (Hzll and PFinkler, 1962), column
chromatography and the immunodiffusilon technlque of
Guchterlony (Hall and Finkler, 1963), and more recently,
DEAE cellulose and CI cellulose ion exchange chromatography
(Hall and Finkler, 1965) in their separation of the vitemin

B,, binding proteins.

12
Cther recent variations of these techniques have
ineluded that of Hom et alii (196€6), who used DEAE cellulose,
Cl cellulose, Sephedex G200 columns, and ammonium sulphate
precipltation, and that of Hetlef et alil {1967a), who
utilised a varlation of the DEAE cellulose column for their

work.



2.73 Vitamiu B12 Einding Proteins.
Following upon their descriptions of abnormal

serum concentrations of vitamin 512 in patients with
leuksemia (Deard et =11i, 1954e, 1954b), Pitney, Beard
and van Loon, {1954) published theilr observations on
vitanmin 312 serurn binding, usinz Z. gracllis to measure
vitanin 512 and paper electrophoresis to separate the
relevant protein fractions. They found that ln normals,
alpha.globulin was the primary source ¢f the bound
vitamin. In some instances, vitaniln 312 was also found
in associstion with albumin and beta globulin; this
they felt was due to imperfections in the method. No
congstant relationship could be demonstrated between the
binding to ay globulin and a, globulin. When vitamin

B was added in vitro, the major part was located wilth

12
alpha globulin. A similar approach was adopted by
Heinrich and Erdmann-Oehlecker (1956a), who found that

in health, 52% of the vitamin By, was bound to the a,
globulin, 21% to the ¢, globulin, 16% to albumin, 7% to
the B globulin, and 4% to the gamma globulin. In chronie
myeloid leukaemis, the binding to the a4y and Qs globulins

was increased, although no ecsentlial quantitative changcs

were demonstrable in the concentrations of the scerunm
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protein fractions per se. Uot only was there an
absolute increase in total binding, but proportionately
more was bound to the oq globulin fractlon; 1in chronlc
myelold leukaemia, the vitamin B12 binding to ay
globulin was increased nineteen-fold, and to albumin
eleven-fold, in comparison with normel. Approximately
three-quarters of the vlitanmin Biz was bound to the @y
globulin in the sera of myelold leukaemlc patlents, and
the remainder was equally dilstributed between the o,
globulin end albumin. Althouszh the totel blrding fell
after treatment, the distribution did not alter. Ik a
further study (Heinrich and Lrdmsnn-Cehlecker, 1956b),
i1t was demonstrated that injected vitanln Eiz was
strongly bound by the three major binding proteln
fractlions, and rctalned wlthin the bedy. These
observations were confirmed by Fahey et alii (195E€)
using DEAZ cellulose column chromatography end gradient
elution; they found that the vitamln 512 wes assoclated
with an alpha globulin, and in an extension of thls
study (iiendelsohn et alli, 1958), using paper electro-
phoresis and polyvinyl blocks to achleve further
separation, thcy confirmed that the binding protein

was an alpha globulin. The incrcased vitamin Bl2 levels
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in the serum of patients with chronic myeloid leukaemia
they considered could be attributed to an increasecd
concentration of this protein, which also accounted, in
their view, for the increased vitamin Biz binding
capacity. They consldercd 1t possible that the lncreased

vitamin B binding capacity could be due to an increased

12
number of binding sitcs on the otherwlse normal vitamin

B 2 binding protein. They also calculated the probable

1
total vitanin B12 binding protein content of sexum (on
the basis of onc molecule of vitamin B12 to one molecule
of blunding proteln of molecular weight approxlmately
150,000) as O.11 ug./ml., 2 level at which direct
measurement of this protein is not feasible.

After conesidering the possibility of lsukaemlc
cell destruction and hepatic damage as sources of the
vitamiyn 312 binding protein, they remeined uncertaln
whether the demonsgtratle neteabolic anomaly of thils
protein was dircctly related tc the myelocytlc disorder,
or whether it represented & separate manlfestation of
the dlsease processs.

Biller {Miller, 1958) initlally approached the
differentiation of the vitamin B12 binding protelin using

paper elcctrophoretic techniques, by which he demonstrated
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that the bound vitamin 512 in normal serum was present
principally in association with the ay and ay globulins;
when vitamin B12 was added to normael serum in vitro, it
was bound to all five protein fractions, but chiefly to
the B and @, globulins. It was suggested that thls may
have been due to saturation of the ay zlobullin, or to
gn in vitro avidity of the beta globulin which was not
present in vivo, [ost added vitamln B12 appeared in
myeloid leukmemic sera In assoclatlion with the @y and
a, globulins. It was sugpested that the increased
serun vitanin 312 concentration in myeloid leukaemia
may be due to firmer protein binding than normal {(for
which no comparable turnover rates were available) or
to excess vitamin B12 enterins the circulating serum
(possibly from leuksemic leukocytes) without an altered
turnover rate. Thelr final and presumably alternative
speculations concerning the bindlng substance were,
first, that this was a normal protein present in
increased quantities in patients with myeloid leukaemlsas
second, that vitamin B12 binding took place to altered
protelns occurring as a result of the disease process,
and third, that therec were present, as a result of

disease, abnormal tissue proteins foreign to normal serum.
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The next report from this group (klller and
Sullivan, 1958, 1959 a) dealt with the nature of the
vitamin B12 binding substances in normal and chronic
myeloid leukaemic sera, and the physicocheumical
characteristics of the binding reaction. It was found
that added radicactive vitemin 312 was rapidly bound,
and once bound, did not exchange with carrier vitamin
Eiz; this occcurred with both normal and chronilc
nyeloid leukaemic sera. Normal serum binding of
vitanln B12 was shown to be unaffected by pH change to
Le5, but a marked decline in binding was demonstrated
at pH 3.63 at this latter pH, bindlng by chronic
myeloid leukeemic sera was unaffected. Fre-heating
of the tested serum decrecased the vitamin B12 binding
capaclty in both normal and chronic myelold leukaemlc
sera, although the effect was more marked in normals.
Vitamin B12 binding by the seromucoid fraction accounted
for 13% of the total binding in normals, while 1n
chronic myelold leukaemia, it represented 615 of the
total binding.

These authors undertook further electrophoretic
studles of the vitamin B,, binding protein (lilller and
Sullivan, 1959b), this time using starch gel electro-
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phoresis at pH 4.5. Electrophoretic distribution at
pH greater then 4.5 of protein, siallc acld and
endogenous vitamin B12 and bound added radloactive

vitamin B in chronic myeloid leukaemic seromucoid

12
(Winzler et alill, 1948) was similar to normal. When
electrophoresis was conducted at pH 4.5, differences
were obsgerved between the amount of bound added
radioactive vlitamin 512 in normal sera and in sera from
potients with chronic myelold leuksemla. They suggested
that these findings may 1indicate that the vitamin E12
binding protein in the normel state is saturated, and
that further binding takes place to non-acidic proteins.
Vitam;n B12 tinding protein was found by lilller and
Sullivan %o have properties similar to an acldic ay
glycoprotein and an @n glycoprotein from Cohn fractlon
VI (Sehmid, 1953, 1956). They produced calculatlions
which suggested that, because the vitamln B12 binding
protein 1s such & minute constituent of the total
seromucoid fraction, an increase of one hundred-fold

in its concentration would only give an increase of

0.2% of the normal concentration of seromucold. It

wag thercfore consldered likely that observed elevatlons

of seromucoid concentration in chronic myelold leukaemla
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were due to constituents of the seromucold fraction
other than the vitamin B12 binding proteiln.

Similer findings and conclusions were proposed
11 2 later electrophoretic study (Miller and Sullivan,
1961) on the vitamin B, binding protein of man and
other vertebrate species. Corroborative investigatlions
were reported by Weilnstein et alil (1959). who found
that, although an increase 1n nmucoprotein fraction IP=-1
was considered by some (Weimer et alli, 1950) to be
responsible for the increase 1in aq globulin in patlents
with malignant disesse, it was not the major binding
protein for vitamin 812 in normale or in patlients with
chronic myelold leukaemia. These workers showed that
the vitamin B12 binding protein in the sera of normals
and patients wilth chronic myeloid leukasemla appeared in
the seromucolid fraction, and that the bulk of radlio-
active vitamin B12 {representing Coss- vitamin By, and
not 0058) appeared with the globulin fraction on
precipitation by the perchloric acid-phosphotungstlc
acid method.

The starch block electrophoretic technlque of
¥iller snhd Sullivan (1959b) was used by Eall and Finkler
(1962) when they set out to determine whether injected
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radloactive vitanin B12 was bound by the native plasua
binding protein immedistely, or if not, when, and
whether the process was abnormal in vitamin B12 deficlient
states. They observed that injected vitamin B12 was
delayed in its disappeerance, that 1t was bound to nore
than one plasma fraction and further, that dlsappearance
from each fraction took place at dlfferent rates, so
that the plasma binding pattern changed with tlme.
Greater amounts of added vitamin 212 were bound ln
vitamin B12 deficient patients to the fraction with the
slower rate of loss. They also considered that thelr
data disproved the possibility that non-specific binding
may have taken place, even though the binding capaclty
of the vitamin 812 transport system was not exceeded.
Their evidence suggested that vlitamin B12 is transported
in plasma by more than one binding protein, and that the
differing disappearance ratcs suggested differing
functions in vitamin B12 transport by different protelns.
This suggestion was supported in thelr next
publication (Hall and Finkler, 1963}, in which, by means
of DEAZ cellulose gradient chromatograpuy and €M cellulose
chromatography, they were able clearly to show the

presence of a second binding substance, participating at
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an early stage of transport, clearly separable from ay
globuling the two binders were termed transcobalamin
I and II. They were shortly (Hall and Finkler, 1964)
able to demonstrate that there were marked differences
in transport of vitamin 312 by these two plasma proteiln
components in chronic myeloid leuksemlizs. Normally,
nmost absorbed vitanin 512 was taken up by transcobalamin
II, and rapidly lost within the first 24 hours;
transcobalamin I, an 04 globulin, accounted for the
binding of most of the endogenous vitamin., 1In chronic
nyelold leukaemis, they found that almost all radioactive
vitamin 312 waeg taken up by transcobalamin I, a complete
reversal of the normal pattern. A slowly achieved
plasma peak (24 hours vs. & hours for normals) was
followed by & slow loss. The various possible feasons
for this phenomenon were put forward, includlng:
1) a possible increase in transcobalsamin I ii} a
possible decrease in transcobalamin II 111} a change
which alters the binding capaclty of either (or both)
iv) a chenical change in plasma altering the union of
vitanin 312 and the transcobalamins.

Further study (8211 and Finkler, 1965) of

transcobalamin II by labelling, column chromatography
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and isolation (by chromatographic and precipitation
techniques) showed this protein to have the mobility
of a beta globulin, and it appeared to have some
intrinsic factor activity in the Schilling test,
although no data presented suggested that 1t was
circulating intrinsic factor.

They considered that their findings as applled
to in vitro studies of vitamin Biz binding (Hall and
Finkler, 1966a) supported the concept that the
primary binders, including transcobalamin I and 1II,
took up added vitamin B12 preferentislly below the
ievel of 1 nge/ml.; above this level, the secondary
binders assumed importance, although at lowerx
concentrations they were weak blnders.

Hall and Finkler (1966b) also studied the vitamln

B,. binding capacities of transcobalemin I znd II in

12
leukaemia. In patients with chronic myeloid leukaemla
in relapse, the binding capacity of transcobalamin 11
was very much diminished, or absent, while that of
transcobalamin I was very much increased; this finding
was less marked in acute myeloid leukaemla. In patlents

with pernicious anaemla, there was diminished or absent

binding to transcobalamin II, but the binding capacity
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of transcobalamin I was not altered.

These findings receilved support from: the work of
Betief et alil (1967a), who used a simplified DZAE
column to achleve separation of tihe mailn vitamin B12
binders of body fluids, including saliva, gastric Julce
and serum, into two fractions, one contalning the
alpha globulin binder, the other the beta globulln
binder. Their elution pattern showed a beta globulinsalpha
globulin retioc of 4:1 in normal serum, 2:1 in perniclous
anaemia serum, and 1:3 in chronic myelold leukaemia serum.
They noted, inter alia, that proteln peaks and peaks of
radloactivity d1d not correspond, which was not expected
in view of the "trace® nature of these vitamln B,
binding proteins. These workers also suggested that
granulocytes may be the source of beta and alpha globulin
binders, @nd that the explanation for the marked changze
in pattern evidenced in chronic myeloid leukzenla may
be that myeleid leukaemic granulocytes produced mofe
alpha globulin vitamin 212 binder and less beta globtulln
vitamin 312 binder than normal granulocytes.

Following upon studles of in vivo plasma binding of
vitamin By, (l'eyer et alii, 1965) it was suggested that
the measurcd in vivo binding capaclty for vitamln B12



represented to a large extent the vltaunin Bl2 carrying
capacity of transcobalamin II (Schiffer et alii, 1966},
since further cyanocobalamin could be added in vitro
at the polnt of in vivo saturation; this additlonal
vitarnin B12 was thought to be bound to other plasma
binding proteins.

The work of Heller et alil (1964) in which they
described the location of added radiocactive vitamin B12
in the beta globulin fracéien. which was apparently
traneferred to the a, fraction when proteln precipltation
1as performed, may have some relevance to the dynamics
of the interrelationship of the vitamin B12 binders.
They also made calculations which show that the total
binding capacity of normel serum for vitamin 512 is
approxinately 2,5 nge/ml., a very small fraction of the
total seromucoid of approximately 600 pge/mle

Gebuzda et alii (1965) found that native serum
vitanmin 312 binding protein was eluted from the DEAE
colunn used at pH 5.7, while vitamin 512 added iun vivo
or in vitro was bound to a different protein, which
was eluted earlier in the chromatogram, at pH 7.4.
Occasional inconsistent peaks were seen elsewhere, and
the use of a large excess of vitanln Blz was found to

produce binding of only a small amount of the added



vitamin 312. The unbound excess appeared unabsorbed
at the first pesk, along with gemma globulln.

They concluded that, in contrast to normal sera,
sera from patients'with chronic myeloid leukaemia
appearsed to bind large amounts of vitamin 312' chiefly
tc the serum protein to which the native vitamln B12'
already at an increased level, was bound; an lncreased
apount of the vitamin B12 binding protein, as well as a
greater degree of absolute unsaturation wéuld account
for this finding.

Column chromatographlic and high voltage electro-
phoresis studies by Lindstrand et alil (1963), using
undlalysed Co”’ labelled vitamin B,,, suggested that
the radioactivity present in the gamma fraction
represented free radioactive vitamin B12. while the
radioactivity preseéent wlth the beta and alpha globulins
represented protein-bound vitamin 312 added in vitro.

Hon et 2lii (1966) investigeted the fractionation
characteristics of transcobalaemin I and 11 after a
large intravenous injection of 6057 vitamin B12 in a
control patient. Using DEAE cellulose, CN cellulose
and Sephadex G100 column chromatography, and ammonium

sulphate precipitation, they derived molecular welights
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of 121,000 for transcobalamin I and 36,000 for
transcobalamin II. Their in vitro studles showed that
the bulk of the added radloactive vitamin B12 appeared
with transcobalamin II on the column, with less than

207 appearing with transcobalamin I. With chronic
myeloild leukaemic serum, the position was reversed,

and of the added vitamin B,, which was protein-bound (90%),
735 appeared with transcobalamin I and 177 with transco-
balamin II. On paper electrophoresis, protein-bound

co”? vitemin By, @ppeared in normal sera distributed
between Qs globulin and beta globulin, and in chronic
myeloid leukaemic sera, with al globulin. They concluded
that transcobalamin I was the principsl vitamin By,
binder in chronic myelold leuksemic sera 1in vitro, and
transcobalamin II its normal counterpart.

Hardwicke and Jones (1566} considered that the ay
globulin which appears to bind the endogenous vitamin Biz
had electrophoretic properties of orosomucolid (obtained
by ammonium sulphate precipitation), but it was separable
from orosomucoid on DEAE cellulose columns, and did not
react with speclfie.anti @q globulin antisera. They
demonstrated that radioactive vitamin Biz added 1ln vitrxo

was bound by a number of protelns, especlally by one
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with properties similar to an @y acid glycoprotein hut
again, no reaction was observed with a specific antiﬂal
acid glycoprotein antiserum. They suggested that

gpeciflic antisera agalnst vitamin 512 binding protelns
would be invaluable in the identificatlon and investi-
gation of the vitamln BlZ abnormelity in myeloproliferative
disorders.

In a preliminary communication whilch 1s somewhat
contradictory of the general body of opinion, Ochs et
alil (1965) considered that the albumin fraction obtained
by paper electrophoresis contalned the principal vitamin
Blz binder when radioectlve vitamin 512 vas added to serum
from normals, and from patlients with perniclous anaenia,
end macroglobulinaenia with high serum vitanmin B12 levels.
They considered that the bkinding shown to beta globullns
when larger amounts of vitaniln 312 were added represented
an overflow mechanism, with blnding to secondary proteln
sites.

Rosenthal et alil (1964, 1965) have endeavoured to
resolve the problem of identification of multiple vitamin
312 binding components of serum in a number of specles,
including the sheep, horse, pig, cow, rabbit, guinea plg,

rat, cat and dog, as well as in man. They 1ldentified,
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on Cl cellulose chromatography, two tlnding components,
whict they designated A end By A appeared early 1ln
association with a large proteln peak, and B appeared
later in the elution pattern. The A and B blnders were
present in all sera except chicken sera, whlch lacked
the B binder. The B binder asccounted for 5i-30% of the

total vitamin B, ., binding substance in all sera other

12
than normal humans, dogs, and sheep, in which it
accounted for approximately half. A minor peak C was
found only in rabbits with chronic mycloid leukaemia.
In human serum, when increasing amounts of radioactive
vitanin 312 were added in vitro, the percentage bound
to component E decreased. In human chronic myeloid
leukaenmic sera, only 20,5 of the binding activity was
found in component B. Component 4 was found to be an
acidic fraction, which did not bind to CI cellulose,
while component B was dialysable, suggesting 1t had
low molecular welght.

In her studies of plasma proteln bindlng in
pernicious anaemla, Christine Lawrence (1966a, 19661b)
found that, on paper and polyvinyl chloride electro-
phoresis, almost all added vitamin 512 was assoclated

with beta globulius when normals, normal pregnant
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womeh, and 812 deficient pregnant women were tested.
In perniclious anaemia sera, the %y globulin was
responsible for binding significant smounts of the

added vitamin 31 it was also proposed that in some

o3
instances, there was a deflclency of the beta globulin
tinder in pernlclous anaemia.

The work of the Finnish group (Grésbeck et alii,
1962; Simons, 1964; Simons et alil, 1964; Simons
&nd Weber, 1966) suggested that saliva and leukocytes
contained a vitamin 312 binding protein, similar to
the vitamin B12 binder "R® of human gastric Juice
(Grésbeck et alil, 1962); this binder, unlike the
other two binders, "S" and lts possible digestion
product "I", 4id not possess intrinsic factor activity.
They also congldered (Simons et alii, 1964) that this
binder "R"™ was present in serum, but 1n a much lower
concentration than in pastric Juice and sallva.

2.7.4 Leukocytes and Vitamin B,., Einding.

The vitamin B1 content of leukocytes has been

ps
referred to above (Z.4.4.). The possible relationshlp
between white cells and thelr breakdown products, and
vitemin B12 binding, especlally as an explanation of

the increased binding seen in myeloid leukaenla, has
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interested several groups (Thomss and Anderson, 19563
Lieyer et alii, 1962; Retlef et alii, 1967b) since the
report of Lollin and Ross (1955) that white cell
breakdown products were capable of binding vitanmlin 312.

lieyer et alii (1962) showed that mature neutrophils
had the highest vitamin B12 binding capacity, while
other white blood cells d1ld not possess thls property
to any degree., They also found that the vitamin 512
binding ecapacity of mature leukocytes collected fronm
patients with chronic myeloid leukaemla and polycythaenia
vera was higher when these cells were subjected to
ultrasonic disintegration than when the cells were lntacte.
They consldered that disintegration products from mature
neutrophilic leukocytes contributed to the increased
vitamin B12 binding capaclty of serum in myeloproliferative
disorders.

A Scendanavian group (Simons, 196L4; Simons and
Weber, 1966) found, by using techniques of dialysls,
DEALE cellulose column chromatography, CH cellulose coluumn
chromatography, autoradiography and immunoelectrophoresis,
that leukocytes possessed & vitamin B12 binding protein.
They then used Cll-lecucine to label leukocyte-rich plasmaj

granulocytes from this preparation were found to possess



more vitamin B12 binding protein than lymphocytess thls
protein had the same separatlion characteristics and
molecular welght as that isolated in the first set of
experiments. 4 concentrated sample of the leukocyte

vitamin B binding protein gave preciplitation bands

12
against anti-human leukocyte, anti-gastric julce, and
anti-saliva sera, suggesting that it was similar to the
gastric non-intrinsic factor vitamin 512 binder "R
(Grésbeck et alii, 1962).

A preliminary note from Herbert's group (Gottliedb
et alil, 1966) reports that, desplite the frequent
occurrence of leukopaenia in pernicious anaemla, in
which the unsaturated vitanin Blz binding capacity was
lowered, the unsaturated vitamin 312 binding cepacity
was reduced only slightly in non-vitamin B12 deficient
leukopaenic states - they suggested that a possible
inerease 1n the total leukocyte pool may compensate for
the reduced leukoeyte turnover. This concept may also
have relevance to the relationship of white cells and
the elevated vitamin Byo levels of various leukaemlic
states.,

Retief et alii (1967b) have linked their findings

of alpha and beta globulln binders wlth the aforementloned
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work of Simons (Simons, 19643 Simons end Weber, 1966)
and have suggested that the leukocytes may be the
source of these vitamin B12 binding proteins, and that
the increase seen in the levels of the alpha globulin
b;nding protein in chronic myeloid leukaenic sera nay
be due to the myeloid leukaemic granulocyte glving rise
to more of the vitamin 812 binding alpha globuliln,

and less of the vitamin B12 binding beta gleobulin than
1g normally delivercd into the serum by normal

granulocytes.



CHAPTER 3

MATERIALS AND HKETHODS
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NATERIALS AND MELHODS

3.1 Vitamln Blz Binding Capaclty.

The teclhinigue used for this procedure was one
of exhaustive dlalysis, and is 1llustrated dlagram-
matically in Pigure 2. Venous blood was collected
into sterile containers, using either heparin or
acid-cltrate-dextrose as the anticoagulant; plasma
was obtained by centrifugation. Serum was obtalned
by allowing blood to clot in a sterlle container,
and serum was removed after centrifugation. A&ll
plasma and serum samples not processed imrediately
were stored at =20°C. until required. Cobalt '
labelled cyanocobalamin was obtaincd from the
Radlochemical Centre, Amersham, ingland, through the
Commonviealth X-Ray and Radlum Laboratory, helbournee.
The material used in the early experiments was

CR,P cyanocobalamin {BOCO) EP, in sealed glass

1
ampoules, each ampoule containing 1.1 ug. of the
freeze dried vitamin, with a specific activity of
not less than 1 uc. per Jg. In a number of later
experiments, CB,P cyanocobalamln (58Co) BP was used;

thlis was a ulgh specific activlty aqueous solution



K_/ co’2B12

37C - 1Hr.
A
DIAL.RA
_PPTE.RA._
DIALYSIS B12 BC.
96 Hr, 4C

Figure 2. Diagrammatic outline of the dielysis method
used in this study for measurement of the
vitamin 512 binding capaclty.
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containing 0.9% benzyl alcohol, having a specific
activity of 10-300‘pc. per ng. The specific activity
of the particular material used has been indicated in
the relevant experiments; 1t was usually between

75 end 100 pc. per Rng. The standard radioactive B12
was dissolved in sterile physlological sallne before
use.

Aseptic precautions were observed in handling
the material used in these experiments, and they were
conducted at 4°C. to minimise the possibility of
bacterial growth.

The sample was mixed with the appropriate vitamin

B,. golution, and after incubatlion at 37°C. for one

12
hour, a known volume of from 2 ml. to 5 ml. of labelled
plasma was placed in Visking dlalysls sacking, and
dialysis was performed at 4°C. in a large beaker with
mechanical stirring,., against 0,01k tris phosphate buffer,
pE 6.5. In a number of experiments both tap water end
distilled water were used, without signiflcant differences
being noted. The buffer most commonly used was trie

[tris (hydroxymethyl) amlnomethene] phosphate buffer,
0.014, pH 6.50. This buffer was chosen because the

dialysed plasma obtained was thus equilibrated with
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the DZAZ cellulose columns used for column chromatography.
Following dialysls, with at least two changes of buffer,
for a minimum of 96 hours, the dialysant was removed from
the sac, and centrifuged to remove the preclpitate which
formed during dialysis.

Allguots of the original undiaslysed labelled
material, the dislysant, and the precipltate were counted
in a well=type scintillation counter. In the initial
experiments, this was performed in a KNuclear Chicago
well-type scintillation counter, with a 2% sodlum 1odide
crystal; later experiments were conducted with a
Philips scintillation counter with a 1" sodium lodlde
crystale Counts were performed for sufflclient time to
give an error of less than 5% in each count. In a
number of the early experiments, the total radioactivity
of each wash, together with the radiocactivity attached
to the sac was counted, in order to account for all
radioactivity present at the commencement of dialysise.
This was done, since previous experiments by other
workers had not attempted to account for all initlal
radioasctivity. The mean yleld wlth this method was in
excess of 95%. A number of variants of thils basic

method were studied, and these have been discussed under
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the sectlon "Validatlon of the lethods Used" (4.1).

3.2 Column Chromatography.

3.2.1 General.
Glass columng of 300 mm. length and 10 mm. internal

dismeter were used, some of which had a coarse sintered
glass plug at the lower end, whlle others had a glass
wool plug. It was found that a more rapild rate of flow
was obtained using appropriately packed glass wool.

A measured amount (usually 1.8 gm.) of Selectacel DEAE4O
(Carl Schlelcher and Schuell, Keene, K.l.) was suspended
in 50 to 60 ml. 2K HaCl in 0.01H tris phosphate buffer,
pH 6.5, and after careful stirring to break up any
agpregated particles, the DLAL was poured into the glass
colurn and allowed tc pack under gravity. The relatively
high specific gravity of the solution (approximately 1,100)
made it unnecessary to remove any fines. Equilibration
of the column was performed using 200 ml. of 2i NaCl in
0.01li tris phosphatc buffer, pi 6.5, and this was
followed by 300 ml. 0,01k tris phosphate buffer, pI 6e5.
The colunyn was then ready for use with plasma or sera
whiceh had been dlalysed azainst this latter buffer.

3.2.2 Column Chromatography of Plasma Samples.
A measured quantity (usually between 0.5 and 1.0ml.)



of the plasme or serum under study was placed on the
column, and the fo;lowing btuffer programne was followed,
to achicve step-wise elution:

0.01K tris phosphate, PH 6.5

0.05F tris phosphate, DH 6.1

0.05¥ tris phosphate, pH 5.0

0.20M tris phosphate, pH 4.0

The various fractions were collected in 5 nl. or
6 ml. lots, using initially an LKB automatic fraction
collector, and later, a Paton Industries refrigcrated
fraction collector, utilising elthui meniscus sensing
or electrode sensing to obtaln sauples of equal volume.

3.2.3 leasurements.

Optical Dengity of the fractlions collected was
measured in a Unlcam SP5CC spectrophobometer at 28008,
or in a Beckman DU spectrophotometer, at the same wave
length. 4n automatic flow ~ell was used wlth the
Unican machine.

Bodloactivity of the samples was measured, iun those
esrliter studles in which all tubes were counted, in a
Packard well-type scintillation counter. In other
studles a “hilips well-type counter, employing a 17

sodium lodide crystal was used or a liuclear Chlcago
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well-type counter, with a 2" sodium lodide crystale.
All samples were counted for sufficient time to give

an error of less than 5% 1n each count.

3.3 Separation of leukocytesg.
The method used was basically that of Lablnowltz

(1964, 1965), end it is illustrated dlagrammatically 1n
Figure 3. The blcod from which white cells were later
separated was collected into heparinised plastlc packs,
and sedimentation was sllowed to take place Ly gravity,
alded by the addition of 6% dextran in saline, in the
proportion of 1 ml. dextran 1in saline to 5 ml. blood.
Smeller quantities of blood were collected into sterile
glass containers, mixing 10 volumes of blood (approx-
imately 20 ml.) with one volume of acld-cltrate-dextrose
mixture and one volume of 6% dextran in saline (Leal,
Read and Tuxrvey, 1967). This mixture was likewlse
allowed to sediment by gravity.

Leukocyte-rich plasma was then removed and spun at
150 g for 10 minutes at 4°C. The supernatant plasma wes
removed, and the cell button which remained was washed.
If rcd cell contamination was present, washing with
hypotonic saline was used to lyse these cells and to

clesr the cell button. The white cecll button was



Figure 3,

Diagrammatic outline of
the method used in thils
study for 1lsolatlioun of
granulocytes and lymph-
ocytes (sece section 3.3,
page 98 for detail).

L
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resuspended in a smell volume of its own plasma, and
placed on a 160 mm, x 10 mm. glass bead column, using
beads of approximately 100 mesh, whilch were somewhat
smaller than those recommended by Babinowitz, who used
glass beads of 0.02 cm. in dlameter.

The total column with the material upon it was
incubated at 37°C for half an hour, and supernatant plasma
from the original samples, also warmed to 37°C, was
placed on the column, producing the first eluates, which
were then spun to ieduce the volume in which the cell
button was present. These first eluates were almost
entirely lymphocytes, and a yield of above 95% lymphocytes
was obtalned in most instances. The next solution placed
on the column was a 1 in 5 dilution of warmed plasma in
saline, which removed the remalning lymphocytes,
erythrocytes, and platelets from the column. The final
eluates were obtained by passing buffered EDTA solutlon
through the column. These eluates contained 973-98%
mature granulocytes. Again, the volume of these eluates
was reduced by centrifugation and removal of the super-
natant. Cell counts were made on the final cell
suspension in all instances, and slides were made and

stained to ascertain the efficiency of separation.



An aliquot of 0.5 ml. of a suspension of the
white cell serles under study, either lymphocytes or
granulocytes, was added to the pre-dialysls lucubation
mixture referred to above; san identical volume of
saline was added to a duplicate system to act as a
control. (Because of the processing involved, the
addition of 0.5 mle. plas:za to the system would not have
yielded a strictly comparable blank.)

Cell counts on the suspenslons obtained have
varied from experiment to experiment, but have been
between 5,000 and 12,000 per cu. mm. for lymphocytes,
and slightly less for granulocytes. In the experiments
described below, the number of cells used in the
lymphocyte and granulocyte experiments was similar.

The addition of 0.5 ml. of cell suspension to the
dialysis mlxture resulted in the addltion of between

6

2.5 and 6.0 x 10~ cells.

3.4 Validation of iethods Used.

3.4.1 Vitanmin By - Binding Capacity.
Because of the wldely differing methods used

throughout the literature, and the results produced by

these methods which are at times in conflict with each

other, it was necessary during the lnitlal stages of this
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investigation to assecs a number of variable factors
involved in the dlalysis method of measurement of
vitamin B12 binding capacity. The followlng variants
of the basic method set out above wecre studled:

1) Plasma binding and serum binding.

Plasma and serum for the study were obtalned
from blood collected from the same subject at the same
time. Plasma and whole blood taken at the same time
from & patient with chronic myeloid leukaemia were used
to investigate any differences betwesn the vitamin B12
binding capacity of plasma and that of whole blood.

11) Concentration of added vitamin E,,.

Aliqguots of normal, and chronic myelold leukaemic
Plasma were incubated with 1 ng. per mle., 10 ng. per ml.,
and 100 ng. per ml. coucentrations of radioactive vitamin
B o end dialysed under ldentical condlticons.

111) Duration of incubation.

Three aliguots of normal plasma were incubated at

1

roon temperature (22°C) for two hours, slx hours, and
twenty-four hours, and were then dlalysed under similar
conditions for similer lengths of tine.

iv) Temperature during incubation.
Two aliquots of normal plasma were lncubated at
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15°C and 37°C, and were then dlalysed for similar lengths
of time.
v) Duration of dialysis.

The effect of the duration of dlalysis was studled
by measuring the radloactlivity present in the wash
buffers at each change of buffer. In some instances,
this consisted of measurement of radioactivity at 48 hours
and at the end of dialysis, while in another instance,
six buffer changes were made over a 162 hour dlalysis,
with measurement of the buffer radiocactivity at each
change.

vi) Temperature during dialysis.

Aliquots of the same normal labelled plasma were

dialysed in the cold (4°C) and at room teuperature (20°C).
vil) Volume of dialysis buffer.

Two aliguots of the same normal labelled plasma
were dlalysed, one in a 250 ml. beaker agalnst tap water,
and the other against running tap water.

viii) Effect of differing buffers.

Aliquots of the same labelled plasma vierc dlalysed
against normal saline, tris phosphate buffer (0.01l,
pH 6.5), and tep water, pH 6.75.

ix) Iffect of papain on bindiug.

Three aliquots of plasma were prepared in the
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standard manner; to the first, 1 ml. of a 2% solution
of papain was added prior to incubatlion; to the second,
the same quantity of papain was added after incubation;
to the third which represented the experimental blank,
normal saline was added after incubation.

x) Iptegrity of binding.

In an experiment desligned to assess the flrmness
of the bond betwecn vitamin B12 and 1ts bindiang proteluns,
three aliquots in duplicate were tsken at the completion
of a standard 96 hour diaslysis; the first pair of
dialysants was then further dlialysed against 500 ml, of
0,01¥ tris phosphate buffer, pH 6.5, to which was added
2.000‘pg. of crystalline vitamin B,, {(Tytamen™, obtalned
from Glaxo Allenbury)s the second palr of dialysants
was simllarly treated, except that 2,000 ng. of hydroxo-
cobalamin ("Neocytamen", Glaxo Allenbury) was added to
the buffer; the third palir of dlalysants, set up as
controls, was dialysed against the buffer without added
vitamin 512. Dialyslis was continued for a further

twenty-four hours.

3.4e2 Column Chromatography.

The standard ceolumn chromatogram cbtalned with both

normal and pathologlcal sera, dlalysed or undielysed,



consisted of four princlpal peaks, whiech have been
designated I, I1I, III-IV, and V; peak Ia is a minor
peak. Peaks I and Ia were obtalned by elutlon with
the commencing buffer lmmedlately after the materlal
was placed upon the column, and pesks II, III=IV, and
V followed each consecutive stepwise change in buffer
of increassing molarlty and increasingly acid pH.

The location of varlous protein fractions on
the column chronmatogram has been determined by the use
of several human blcod proteln fractions obtained from
the Commonwealth Serum Laboratories, rHelbourne. These
have included 5% albumin soiution in Fartmamm's buffer,
immune serum globulins (gamma globulin), Cokn fraction
IV-7 (transferrin), Cohn fraction III-1, and a,; scid
glycoprotein (Lever et alii, 19513 Schmid, 1950, 1953,
1955, 1956).
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RESULTS

VALIDATION COF IKETHODS USZD

4.1 Vitamin B,, Binding Capacity.
L.1.1 Plagma Binding and Serum Bindinug.

In the definitlve experiment, plassa from & normal

subject bound 1.15 ng./ml., 2t the 10 ng./ml. level of
added rasdloactive vitaunin 312' while serum from the

same subject bound 1.17 vg./ml.; this difference is not
significant. Throughout the whole series ofexperiments
reported, no differences which could be consldgred
slgnificant have been cobtailned when serum and plasma
have been used iy parallel; this applies to normal
subjects, and to patients with chronic myeleoid leukaemia
and other blcood disorders. 4lthough thls has not been
discusced specifically by other asuthors, it is evident
from the literature review that the terms “"serum proteiln
binding of vitanmin 812" and "plasmz protein binding of
vitanin 312" are synonymous to many who heve written on
this subject; for example, Losenthal et alii (1964, 1965)
have studlied and discussed serum and plasma binding

cepacities interchangeably in thelr work.
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Since the only distinction between serum and plasma
ts that serum lscks the fibrinogen which 1s contalned in
plasma, any dlfference betwcen serum binding of vitanin

B and plasma binding of vitamin Elz would relate to

12
fibrinogen. 1t has been demonstrated in a later section
of this study (5.4) that fibrinogen does not blnd
significent amounts of added razdioactlve vitamin D12°

It is thercfore considered rcascnable to assume thet

there is nho difference between in vitro binding of

vitamin B12 to serun and plasma.

4 difference was observed between the amount of
vitamin B12 bound to whole blood and the amount bound to
plasza taken at the same time from the same patlent; at
the 10 ng./ml, level, plasma binding was measured at
32.4% (3.24 nge./ml.), while binding to the whole blood
sample was 46.2% (4.62 ng./ml.). rossible explanations
for thie finding are dlscussed later.

Yield. In all early experiments, when the radlo-
activity of the buffers was measured, as well as the
radioactivity of the dlalysant, the preclpltate snd the
sac, a yield wes calculatcd, and expressed as a percentage

of the expected yield. In 211 experiments 1ln which this



TAZLE _IV.

|

EFFECT COF DIFFZLRING CONCINTRATICONS OF 0058_512 Ok _BINDING

ANOUNT BCUND

co?°-B, , ADDED PERCENTACE_BOUKD
(ng ./ml B )
NORMAL
1.0 65,8
10.0 19.8
100 10.09

CellaLe

10.0 51.7
100 23.2

(nge/ml,.)

0.658
1.98
10.09

5017
2342



TABLL V.

EFFECT CF DURATION OF IIICUBATION ON C058-§12 BINDING AT 21°C

NORMAL PLASKA

DURATION (Hr.)
PERCENTAGE BCUND  AKOUNT BOUND (ng./ml.)

N

15.3 2.19
6 18,2 2.86
2l 20.5 3.22
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was measured, the observed yield was within ¥ 10% of the
expected figure, with a mean value of 98.5%. Varlations
were naturally smaller in the experiments using added
vitemin By, at the 100 ng./ml. level than in those
pé;formed at the 10 ng./ml. level.

' e1.2 Concentration of idded Vitemin B, ..

The effect of differing coucentration of Cosg-vitamin
812 added to normel and chromic myeloid leukaemlc plasua
is 1llustrated in Table IV. Although the percentage of
radioactive vitanmin 312 bound to the plasma proteins
decreases as the councentration of vitamin 512 added prior
to incubation increcases, the absolute amount bound
increases. Tnis applies in both normal subjects and in
patients with chronic myeloid leukaemla. At the 1 ng./ml.
level, the chronic myelold leukaemic plasma shown in
Table IV bound all detectable radloactivity.

4.1.3 Duration of Incubation.

The effect of the duration of incubation on the
binding of radioactive vitamin 312 to plasma protein at
roonr temperature 1s shown in Table V. The amount of
radioactive vitamln 512 bound incresses wilth the duration
of incubation, the increase betwcen the 2 hour flgure and

the 24 hour figure béing 475. & duplicate of the 24 hour



(w4
EPFECT OF DURATICH CF DIALYSIS ON BIKDING OF co°-B

TABLE VI.

PLASHA

Normal
CoebeLs
Normal
Colale

DUBATION (Hr.)

96
122
144
144

12

PZRCENTACGE OF TOTAL  PERCENTAGE OF TOTAL

RADIOACTIVITY RE- RADICACTIVITY HEe-
NOVED 1IN 4¢ Hr, LOVED L L HT o
782 345
48¢0 509
50’1 701

38.2 11,5
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sample was refrigerated for a further 24 hours, and
subjJected to diaslyslis. The binding to thls sample was
20.1%, which is not different from the 24 hour figure.
This suggests that the binding may be maxinal at 24
hours, or possibly, that cooling reduces the rate of
continuing binding to negligible levels after 24 hours.

L.1.l ZTemperature During Incubation.

No significant difference was observed between two
samples of normal plasma, one of which was incubated at
room temperature (15°C) and bound 2,80 ng./mle; the
other was incubated at 37°C, and bound 2.67 ng./ml. The
initisl amount added was in both instances 10 ng./ml.,
and diaslysis was performed for 99 hours agalnst 0,01M
tris phosphate buffer, pH 6.5, at 4°C.

441.5 Duration of Dilalysis.

Table VI sets out four randomly selected dialysis
experiments, two using plasma from normal subjects, and
two using plasma from patients with myelold leukaemiaj
these results are typical of those obtalned throughout
this study. In these two sets of experiments, the amount
of radioactivity removed during the first L& hours was
measured, as was the amount of radloactivity removed

between 4€ hours and the end of dlalysis, which was



TABLE VII.

EFFECT OF PROLONGED DIALYSIS ON BINDING OF 0058-312 (NORMAT. PLASMA)

T /v o PERCENTAGE OF
: - PERCENTAGE OF ADIOACLIVITY

¥esh (No.) DURRLION  giPoid Uir.) ,orivrry moGvep | AU EL
1 18 18 b7 o4 61.2
2 25 b3 17 ke 22.5
3 21 64 6.7 847
L 48 112 %e3 546
5 28 140 1.2 1.6
6 22 162 Ot 0.5
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never less than 96 hours. It 1s seen that the radio-
activity removed between 48 hours and the end of dialysis
ranges from 3.5% to 11.5% of the total initial radio-
activity, representing 4.3% to 23.1% of the radioactivity
actually removed during dialysis.\ S8ix buffer changes

were made in the experliment shown in Table VII, which
11lustrates the effect of prolonged dislysis on the
binding of radioactive vltamin 512' The percentage of
total radioactivity removed 1ls indlcated, representing

the amount of radloactivity measured in the buffer agalnst
which the plasna was dlalysed. 4galn it is apparent that
significant radloactivity is removed by dlalysis after

the first 48 hours. TFrom the results of these experinments,
and others similer to them, 1t was concluded that a 96
hour dlalysis would remove 955 or more of the dialysable
vitamin B12 present.

hel.6 Temperature During Dialysis.

No difference was observed betwecen the two samples
which were dlalysed at differing temperstures against tris
phosphate buffer. The allquot of normal radloactive
vitamin B,, labelled plasma dialysed at 4°C vound 2.75
ng./ml. of the radioactive vitamin Eyo» while the aliquot
dialysed at 20°C bound 2.80 ng/ml. At the higher



TABLE VIII.

EFFZCT OF DIALYSIS AGAINST TAP WATER AT RCOM TENMPERATUEE AND AT 4°c

BOOM TEMPERATURE (220C) cozn (4%)

A, AT 100 n LEVEL.
Dialysant Binding 10.4% 15.7%
Precipitate Binding 17.6% 1.4%
TOTAL 28,0% 17.1%

. A zo/mly .
Dialysant Binding 13.4% 22.2%
Precipitate Binding 24.#% 1.8%
TOTAL 37.8% 24.0%

Each set of figures represents the mean of two duplicates.
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tempercature, more radiocactlvity was assoclated with the
soc (5.4%) than at the lower temperature {(3.1%).

However, dlfferences were observed when dlelysis
was performed against tap water at room temperature and
in the cold (Table VIII). In those experiments conducted
at room temperature a much lhieavier preclpltate was
formed which accounted for the majority of the measured
increase in binding. Simllar results were not observed
with dlstilled water, and it is likely that the heavy
salt content of Adelzide tap water (which, for normal
domestic use, requires anion cxchange columns for
"softening®) may have produced the heavier precipltate
as a result of its Insoluble salts.

4.1,7 Volume of Dislysis Buffecr.

The amount of radioactivity removed from an alliquot
of radioactive vitamin Blzrlabelled plasma dialysed in a
250 nl. beaker (64.672) was not significaptly different
from the amount removed by dialysis of an identical
aliquot against tap water running at approximately 1 L.
per minute throughout the dislysis (64.0%).

Lo,1.6 Lffect cf Differing Buffers.

The results of dialysis acainst normal saline,

tris phosphate buffer, and tap uater are shown in Table IX.



IABIE IX.

EFFECT OF DIFFERING BUFFERS O BINDING OF Co%°-B.,

=

ORIL

o

Ei

e

L=

BUFFER S

Percentage of radioactivity 70.1
in dialysent °

Percentage of radiocactivity 1.2
in precipitate ¢

Percentage of radioectivity 3.1
bound to sacking ¢

Total radicactivity Tl

TRIS PHOSPHATE
FER pH O
)

bl 8
18.3
548

68.9

E%

5062
17.7
L.

7243
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Although the total amount of radiocactlivity accounted
for in the dlalysant, the precipitate, and the sacking
1s not significantly different, there are marked
differences betwcen the distribution of the radiocactivity
between the dialysant, precipitate, end sacking. Thls
difference is most marked in the experiment 1n which
dlalysis was conducted agalnst normal saline; a higher
percentage of the radioactivity was detected in the
dialysant, and less radioactlvity was found in the
precipitate. The flgures obtalned Tor dialysis agginst
tris phosphate buffer and tap water are similare. The
significance of these findings is discussed in section
L4.1.9 below.

4.1.9 Precipitate.

It is apparent (Table IX) that the precipltate
formed during dialysis against tris phosphate buffer and
tap water contains more radloactlvity than does the
smaller, almost negligible precipitate which formed
during dialysis agalnst normal sallne. That this radio=
activlity is bound to the precipitated protein, and 1s
not due to trapped plasna, was shown in the follbwing way:-

The precipitates B and C, similar 1ln volume and

radioactivity, were broken up and resuspended,



precipitate B in normal saline, and precipltate
C in tap water. After agitation and further
centrifugation, precipitate B was aluost
conpletely redlssolved, and most of the rsdio-
activity was present im the supernatant. In
precipitate C, taken up with tap water, more
than 904 of the initisl radiocactivity was
present in the second precipitate. Totalling
’the radioactivity of the dislysed plasma, the
precipltate and the sackling in each instance,
a similar figure for total bindlng was
obtalned in these three experiments. Starch
gel electrophoresls of the redissolved
precipitate B showed that it consisted mostly
of gamma globulin, with some beta globulin
present.

4%.1.10 Effect of Papain on Binding.

The addition of papaln to the mixzture of plasma
and radloactive vitanmin B12 did not produce any
differences in the amount bound, irrespective of
whether the papaln was added before or after incubatione.
At the 10 ng./ml. level, the plasma aliquot to which

papain wss added prior to incubation bound 2.30 ng./ml.s

112
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that to which papain was added after normal incubatlon
bound 2.32 ng./ml., and the blank (plasma to which no
papain was added) bound 2.12 ng./ml.

hel.11 Integrity of Binding.

In the experiments in which dialysis was continued
beyond 96 hours against buffer containing cyanocobalamin
and hydroxocobalamin, no decrease in binding was
observed between the aliquot dialysed ageinst the vitamln
312 and that dislysed agalinst buffer without added vitanin

B In addition, no radicactivity was detected in the

12°
uffers whiclh contalned vitemin 312 in either of thec two

forms used.

L,2 Identification and Iocallzation of Known Proteln

Practions.

The column chrozatograms obtained when krnown proteln
fractions were subjected to the same elution procedurc as
whole plasma are shown in Flgures 4#-8. Gamme globulin
(Figure 4) appears principally at peak I, with much
smaller components at peaks Ia, Il and V. Coun fraction
III-1, which is a globulin fraction contalining the majority
of antibodies, including the blood group antigens, showed
{(Figure 5) a similar pattern to the immune serum globullns,

with the principsl component belng at peak 1. Albumin
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Pigure 4, Column chromatogram of 1,0 ml, undialysed
{mmune serum globulin (gemma globulin).

Changes of eluent were made at tubes 20,
33 and 57.
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Figure 5. Column chromatogram of 2.0 ml. Cohn
fraction III-1 (2% solution).

Changes of eluent were made at tubes
24, 45, and B,

B503.
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(5% solution in Hartmann's buffer) (Figure 6) appears
principelly at pesk III-IV, with a ninor component at
peak V. Transferrin, Cohn fraction IV-7, a beta
globulin (Figure 7). eppears predominantly in pesk II,
with smaller, less marked component peaks at I, la,
ITI-IV, and V. The aq acld glycoproteln appeared at
peak V exclusively (Figure €). In general terms, the
distribution of these protein fractlons 1s not
dissimilar to the patterns obtained by Fahey et alll
(1958), using gradient elution on a DEAE cellulose
columne.

Duplicate ssmples of dialysates and plasma proteln
fractions run at different times showed virtually
identical patterns, indicatling that the method glves

reproducible resultse.
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Column chromatogram of 1.0 ml. dlalysed
alburin (57 in lartmann's gsolution).

Changes of eluent were made atb tubes
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Flgure 7. Column chromatogram of 1,0 ml. undlalysed
transferrin (1% solutlon).

Changes of eluent were mads at tubes 15,
49 and 57.
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Figure 8. Column chromatogram of 1.0 ml. dlalysed
a, acid glycoprotein (B4OL) .

Changes of eluent were made at tubes
48, 67 and 94.
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RESULTS

GENERAL

5.1 Vitamln B12 Binding Capacity.

Se1.1 lNormal Values.
The normal range for the vitanmin B12 binding

capaclty was obtalned by measurements at the 10 ng./ml.
level and the 100 ng./ml. level, using samples from
normal subjlects, the majority of whom were blood donors.
The mean value for plasma vitamln B12 binding capacity
in 28 normal subjects was 32.4% T 2.3% at the 10 ng./ml.
level, that is, 3.24 ng./ml. ¥ 0.23 ng/ml. (1 S.D.).
lNinety-five percent of normal values would be expected
to fall in the range 27.8% -~ 37.0% (2,78 - 3.70 ng./ml.)
at the 10 nge./ml. level. The mean amount bound to the
precipitate was 7.1%, representing 22% of the mean amount
of radicactive vitamin 312 bound after a 96 hour dielysis.
The mean value for plasma vitamin 512 binding
capacity in 22 normal subjects was 17.2% ¥ 2.0% at the
100 ng./ml. level, that is 17.2 ng./ml. ¥ 2,0 ng./ml.
(1 8.D.)s HNinety-five percent of normal values would
be expected to fell in the range 13.2% - 21.2% (13.2 -
21.2 ng./nl.) at the 100 ng./ml. level. The mean amount



TABLE X.

MYEIOID LEUKAEMIA = VITAMIN 512 BINDING QAPAQ;EZ.
(10 ng./ml. level)

SERIES NUMBER SEX AND AGE BI“?iﬁieﬁiigilTr el
50 MAL M27 35.3 Chronic
51 RYA P46 36.1 Chronic
52 SHI 52 54,8 Chronic
54 FAL M63 324 Chronic
56  CowW 157 39.5 Chronic
57 LAN K70 39.4 Chronic
63 SHE (1963) F63 73«6 Chronie
73 GOW M28 51.7 Chronic
ms  BIG F38 9245 Chronic
77 WIT FA8 67.0 Acute
g2 XER M23 66.1 Chronic
87 SHE (1961) F61 80.8 Chronic
98 SCH M59 67.7 ‘Chronic
542C CAM M48 9240 Acute
550 LOW M19 45.9 Acute
579A COR 49 *100 Chronie
579C KUM K21 63.0 Acute
619A PER M52 2L 4 Acute

%¥See text for discussion of this result.
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bound to the precipitate was 2.4%, representing 13.9%
of the mean amount of radioactlive vitanln B12 bound

after a 96 hour dialysis.

5.1.2 Values in Patients with Hsematological
Disorders.

5el.2.1 liyeloid Leukaemig. Hesults for vitamin

312 binding capacity at the 10 ng./ml. level obtalned
with plasma from 1€ patlents wlth myelold leukaemlia are
set out in Table X, and results for binding at the

100 ng./ml. level in a further 18 patients wlth myeloid
leukasemia are set out in Table XI3 there are six
patients common to both groups. The mean value for
vitamin 812 binding capacity in myeloid leukaemla at

the 10 ng./ml. level is 59.0% * 18.9% (1 sS.D.), and
there is no difference between the mean value for the
siy patients with acute myeloid leukaemia (58.5%) and
the mean for the group as a whole. These results are
set out dlagrammatically in Figure 9, which shows them
in association with the normal range (mesn ¥ 2 5.D.)

for comparison. There 1s a wlde scatter of results;
three patlents with chrohic nyelold leukaemle had levels
which fall Just within the normal range, and one with

acute myelold leuksasemia had a value which was unusually

low. The remainder were outside the normel range.



Figure 9. Vitamin B,, binding capaclty of myeloid
leukaent plasma at the 10 ng./ml.
level; normal range (mean ¥ 2 S.D.)
shown as broken line.

A = acute myeloid leukaemia
® = chronic myeloid leukaemia
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TABLE XI.

MYELOID LEUKAEMIA - VITANIN 312 BINDING CAPACITY.

SERIES NUMBER
7l GOW
121 CAR
122 MUL
129 coW
203  LEW
204 ECK
429 GOL
430 LEV
431 SHE (1965)
Lé1 HAR
4894 WRI
4954  LIN
500 BAR
5424  CAM
Shly coo
550 LOW
579B  COR

579D

KUM

(100 nege./ml. level)

SEX AND AGE BINDING CAPLCITY
Percentage)
M28 2342
P14 2240
F20 37.8
P60 22.3
M28 18,2
M62 237
M38 24,5 .
N22 2640
P65 214
¥19 12.1
F28 2247
126 17.6
F47 17.2
M48 2347
Eh7 379
K19 2342
Pho 357
M21 11.3

NORPHOLOGICAL

CIASSIFICATION

Chroniec
Chronic
Chronic
Chronie
Acute
Chronic
Acute
Chronic
Chronic
Acute
Chronie
Acute
Acute .
Acute
Chronie
Acute
Chronic
Acute
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The mean value for vitamin By, binding capacity
at the 100 ng./ml. level obtained with plasma from 18
patients with myeloid leukaemia is é3.#% T 5.1% (1 S.D.).
Here, however, there are differences between tﬁe values
obtalned for the acute myeloid leukaemia patients and the
chronic myeloid leukaemia patlents. The mean vitamin 812
binding capaclty at the 100 ng./irl. level for the &
patients with acute myelold leukaemia is 18.5% : L.,08 .
(1 S.D.), which 1s not significantly different from the
normal range; the corresponding figure for the 10
patlents with chronic myelold leukaemia is 27.3% £ 5.9%
{1 s.D.) which 1= different from both the normal range
and the values obtalned in the acute myeloid leukaenic
group. Application of "3tudent's" t test (Bradford Hill,
1966) gives a value ip this latter group of 0.02 > p ” 0.05
(t = 2,32, n = 16). These results are set out diagram;
matically in Flgure 10, which shows them in assocl?tion
with the‘normal renge for this level of binding (mean %
2 3.D.}). All values for patlents wlth chronic myelold
leukaemla are above the normal range, while there is
scattering of the values obtained in patients with acute
myeloid leukaemia; theee ialuas fall within the normal
range, two fall Just below it and three are above the

normal range.



Figure 10. Vitamin B

1 binding capacity of
myeloid fe

ukaemla plasma at the
100 ng./ml. level; normal range

(mean= 2 S.D.) shown as broken
line,

A = acute myeloid leukaemia
® = chronlc myeloid leukaemia
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TABLE XI1X.

SERIAL VITAMIN §12 BINDING CAPACITY SSTINATIONS - PATIENT COR.

(PEBCENTAGE BOUND)

DATE Concentration of Radioazctive Yitamin Eyp Added (ng./ml.)
2ne 10 25 50 75 100
28.1,67 - - - 1.9
(15.1)*

1.2.67 - - - - - 35.4
302.67 . - - o - 46.7
S She She 7T
1802067 ?6.# - d - - -
2242467 97.2 - - - 21.0 2245
3.3467 61.3 70.8 - - - 13.8

% High Specific Activity Co’ -Vitemin B,
+ See text for discussion of this value.
# Normal control value. ‘



Serigl determinations of vitamin 312 binding
capacity were possible in the patient COR, a forty-nine
year old woman with chronic myeloid leukaemia (Appendix
AII); these are set out in Table XIXI. It will be seen
that the binding values at the 100 ng./ml. level fell

over a period of six weeks from an elevated level to a
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normal level, although the binding values at the 2 ng./ml.

level end at the 10 ng./ml. level at this latter time
remalned abnormally high. The initiel binding figure
recorded for this patient at the 10 ng./ml. level, 1003,
requires further comment. The test sample on thls
occaslon not only bound all radloactive vitamin B1

[}
~

added, but bound additional radicactive vitamin B1 which

2
had bech dlal&sed into the buffer out of the control
sanple which was being dialysed 1n the same vessel at
the same time. The recorded value was "189.95"; the
validity of this result was conflirmed by reproduclng
the conditions of the experiment in the following manner:
1 ml. of unlabelled plasme collected on the same
day was placed in dlalysls sacklng, and dialysed
against 100 ml. 0.01l tris phosphate buffer, pH 6.5,
to which was added 100 ng. radioactive vitamin B12‘

The binding capaclity measured at the end of the
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otherwlse standard dlalysis procedure was 35.7%
(that 1s, 35.7 ng./ml.), a value identical with
that found by measuring, in the standard manner,
the binding capacity of this sample at thils

level of added radloactive vitamin By, (Table XI).

The éeasured yield from thlis experliment was

87.47 of the calculated value. &Although the

conditions of the experiments were not ldentical,

since the radioactive vitamin B,, was not
incubated with the plasma sample prior to dlalysls,
it is certain that the binding capaclity of this
plasma sample was greater than 10 ng./ml., and
that the unusual binding capacity measured at

the 10 ng./ml. level was a valid observation.

The figure obtalned for binding at the 25 ng./ml. level
(85.7%) on a sample collected at the same time also
confirms this initlal observatlon.

It has not been possible to relate the vitamin 512
binding capacity (at any level) to the total white cell
count nor any component of it, either on a linear, semi-
logarithmic pr logarithmic basis. The only assoclated
finding which in chronic myeloid leukaemla appears to

have relevance is that of basophllia, a finding unusual



TAB XIII.

VITAKIN B, BINDING CAPACITY AND BASOPHIL COUNIS
IN MYEILOID LEUKALMIA
(Binding at 10 nege/ml, level)

paTTENT “Hipnc 12 IIE BASOPAILS
CAPACITY. R Percentage Absolute Count
(Fercentage) 102 /cu .;m. Count (per cu.mm.)
FAL 32.4 80 2 1600
SME 1961 808 161 11 17710
1963 73.6 27 10 2700
BIG 925 252 5 12600
XER 66,1 240 R 9600
SCH 67.7 30 12 3600

COR 100 9.1 20 ' 1820



BEIATIONSHIF OF VITAMIN B12 BINDING CAPACITY, BASOPHILIA, AND AIG‘I‘I-an
TITRES IN A PATIINT WITH CHRONIC MYELOID LEUKAENTIA (COR)

DATE e ANTI-Fy® D
' FFICTTY, STTTRE - goum BASOPIILS
(100 ng./ml. Level). (107 /cu.mm.) (per cu.mm.)
'~ Percentage
1.2.67 354 /2048 9.2 1288
302467 © B6,.7 - = B
10.2.67 “ - - 13.6 2856
172,67 23.5 1/2048 749 1738
22'2067 - = 700 1330
2402467 . /1024 430 200

be3.67 13.8 1256 242 110



in the acute form of nmyelold leukaemia. Although 1t was
not possible to correlate accurately the vitamin BIZ
binding capacity with the basophll count, either absolute
or relative, it was nevertheless apparent in several
instances that the abnormal vitamin B12 binding capaclty
was demonstrable at the same time as basophilia, and that
both tended to return to normal with effective treatment
at eapproximately the same time. The results obtained on
several patients 1n this regard have been set ocut in
Table XIII, and serlal results, relating the vlitamin 312
binding capaclty to the absolute and relative basophll

count in the patlent COR are set out in Table XIVy this

same information is set out diagrammatically in Flgure 11.

5¢1e2.2 Other Forms of I@ukaemia.‘ Determinations

of vitamln 512 binding capaclty were made in four patients
with lymphatic leukaemlia, elther chronic or acute. In all

four instances, the levels obteined were wlthin the normsl

range, both at the 10 ng./ml. level and the 100 mg./nml,

level,
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5e1¢2+3 Dysprotelnaemiaes. Flve patients with various

forms of dysprotelnacsmla were studied. In three of these,

abnormally high values were obtained. These were found in

a patient with macroglobulinaemia (22.1% binding at the



FEB MAR

Figure 1i1l. Data from patlent COR showing absolute

basophil counts (unbroken line),
antl-Fy2 titre (broken line) and
vitamin Llﬁ binding capacliy at the
100 ng./nt5 level (open columns).
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100 ng./ml. level), in a patient with severe rheumatoid
arthritis and a markedly elevated serum gamma globulin

level (41.4% binding at the 10 ng./ml. level), and in a
patient with multiple myeloma (42.0% binding at the 10 ng./ml.
level). In each of these three instances, the lncreased
binding was assoclated with the precipitated proteins, and
the amount bound to the dlalysant was within normal limits.

As each of these patients had a gross increase in the
circulating level of a high molecular welght plasma protein

at the time of study, these results are not surprising.

5.1.2.4 Igologous Antibodles. DBecause an abtmormally

high vitamin B binding capacity was demonstrated in the

i2
plasma of patlent COR (Appendix AII) at the same time as an
unusually high tltre of anti-Fya antibody, the vitamin B12
binding capacity of the plasma of several other patients
with circulating isologous antitodles was measured., Three
patients were studied; the first, with an anti-D antibody
present to a titre of 1/202&8. bound 24.4% of the radliosctive
vitemin B,, added at the 10 ng./mle. level, and 13.7% of the
radioactive vitamin 312 added at the 75 ng./ml. levels

these results are normal. The second patient had made an

anti-Kell antibody, and hls plasma bound 14.8% of the
radicactive vitamin 312 added at the 75 ng./ml. level;
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this is also a normal result. Similarly, normal results
were obtailned from another patlent with an anti-Fy®
antibtody present to a titre of 1/128. whose plasma bound
17.6% of the radloactive vitamin B,, (high specific
activity) added at the 2 nge./ml. level, and 26.0% of the
standard radloactive vitamin B,, édded at the 10 ng./ml.
level.

5¢1+42.5 Vitanmin B12 Deficlency. Vitamin Bl2 binding
capacity was measured at the 10 ng./ml. level on plasma
samples from six patlents wlth vitamin B12 deficiency, with
serun vitamin 312 levels ranging from 0-100 pgysil, The mean
binding capacity was 45.3% ¥ 4.84 (1 S.D.), that is,

4,53 ¥ 0.48 ng./ml., and the range was 40.2% - 54.9%. The
plasna sample which gave the 40.2% result at the 10 ng./ml.
level was also investigated at the 100 ng./ml. level, and
the vitamln B,, binding capacity was 17.1%, which is a
normal result.

Subsequently, the vitamin B12 binding capaclty of the
serurn from 10 patients with vitanin B12 deficiency was
measured at the 100 ng./ml. level. The serum vitamin By,
levels werc between 0 end 137 pg./nl., the mean being
37 pge/ml. The mean vitamin B12 bilading capaclty was
15.2% ¥ 1,8 (1 S.D.), that is, 15.2 ¥ 1.8 ng./ml., which



PATIENT

BLA
ERO
DRI
DUN

KNI
IAN
LIN
ROU
STO
BUR
WIL
WIS
MaeD
ROS

SHE
TON

VITAMIN B, , ELUDING CAPACITY IN VITAMIN B, DEFICIENCY.
(At 100 ng./ml. Level)
SEX_AND AGE DIAGNOSIS SEBUK B, ,
P&+/nl.

M62 Megaloblastic Anaemia 2k
P69 N " L5 N
166 Post-gastrectony 121
F73 Pernicious Anaemia 24
F86 ? b 109

M72 i " Less than 20
F62 " . 66

F77 " . Less than 20

73 " " Less than 20
167 FKegaloblagtic Anaemia 24
] L] bi
MY » ] 22
M55 » " 86
P51 = " 116
F67 Post~gastrectomy 137
M76 Perniclous Anaemia 45
M74 = - 83
76 Post-gastrectomy 85

TABLE XV.

CBIE(I:JING .
Percentage

16.4
15.8
17.2
17.0
15.1
17.3
157
19,2
154
14,5
17.1
16.6
13.4
14,7

945
12,2
13.0
12.2
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is not significantly different from normal at the 100
ng./ml. level. Although there was a detectable trend
(Table XV) towards an association betwcen lower serum
vitamin B12 levels, and higher vitamin E12 binding
capacities, this was not sufficiently marked for statls-
tical significance to be proven.

5e1s3 Valueg in Pregnancy.

The plasma vitamin B12 binding capacity was measured
at the 10 ng./mle. level in 24 pregnant women and at the
100 ng./ml. level in a further 14 pregnant women. The mean
value at the 10 ng./uml. level was 23.9% ¥ 2.8%(1 S8.D.),
that is, 2.39 ¥ 0.28 ng./ml., which is sliihtly lower than
the normal range, and the mean value at the 100 ng./ml.
level was 16.9% ¥ 1.57 (1 S.D.), that is, 16.9 ¥ 1.5 ng./ml.;
this is not different from normal.

5.1.4 Begumé.

Gross elevations of the plasma vitamin B12 binding
capacity were demonstrable in the majority of patients with
chronic myeloid leukaemis at the 10 ng./ml. level, and at
the 100 ng./ml. level. In patlents with acute myeloid
leukaemia, the vitamin B,, binding capacity at the 10 ng./ml.
level was consistently elevated, and the mean value was

similar to that for patients with chronlec myeloid leukaemlas
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however, at the 100 ng./ml. level, the mean value for
vitamin B12 binding capaclty of acute leukaemic plasma
differed significantly from tne mean value for chronic
myeleld leukaemlic plasma, and was not slgnificantly
different from the normal mean value.

Attentlon has been drawn to the possible reslation-
shlp between basophilia and the elevated vitamin B12
binding capacity in chronic myeloid leukaemla patlentse.

In lymphatic leuksemlia, the vitamin B12

binding
capaclty did not differ from normal.

An increase in the binding of vitamin B,, to the

12
plasme proteins of patients with dysproteinaemias was
noted in three of five patients studled; the increase

in each iustance was 1in the precipitated portion of the
dialysed labelled protein.

The vitamin B12 binding capacity of plasma from
patlients with 1sologous antlbodies did not differ from
normal.

The mean plasma vitamin B12 binding capacity at the
10 ng./ml, level for six patients with vitamin 512
deficlency was above normal, but the mean plasma vitamin

B,, binding capacity at the 100 ng./ml. level in a

12
further 18 vitamin B12 deflclent patients was not different

from the normal mean value at thls level.
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The mean plasma vitanin B12 binding capacliy at the
10 ng./ml. level in 24 pregnant women wWas somewhat lower
than normal, tut the mean plasma vitanin 512 Linding
capacity at the 100 ng./ml. level in a further 14 pregnant

wonen dld not differ significantly from the normal mean.

He2 Column Chromatography .

The column chromatograms to be described below have
been carried out in accordance with the methods set out
earlier in this study. Optical density 1s shown on the
left-hand side of each figure, and radloactivity, in counts
per minute sbove background, appears on the right-hand side
of each figure. The positions on the chromatogram at which
the elution buffers were changed have Leen indlcated as
part of the legend for each flgure. Although it would be
possibvle by caloulation, allowlng for decay and the volume
of material placed on the column, to measure the vitemin 312
binding capacity, using the data from dlalysed and undialysed
samples, thls has not been undertaken, since each dlalysed
semple placed on the column has had a binding capaclity
measurement performed in the more direct standard menner
prior to column chromatography. Tor this reason, the
columns have besn assessed as qualitative rather than

quantitative patterns of distribution of the labelled vitamin



B12 throughout the plasma protelns.
5.2.1 Normal Plasma.

The eolumn chromatogram obtalned when 1 ml. of
dialysed plasma, labelled with radicactlve vitamin B12
at the 100 ng./nl. level Wwias eluted is shown in Figure 12.
Four major peaks, I, II, III-IV and V were noted. The
radloactivity was located principally at the III-IV peak,
with other detectable amounts at peaks I and V. This
figure also showg, for reference purposes, the effect
of the step-wise elution on the pH values in each tube
of the colunmn.

The pattern exhibited by vitamin 512 unassociated
wlth plasma protein, wheh subjected to the standard column
chromatographic procedure, is shown in Figures 13 and 1#4;
Figure 13 shows the optlcal density at 2803 and at 55@£
of 1,000‘pg. of cyanocobalamin placed upon the column and
subjected to the usual elution procedure. The single
initial peak indicates that the material 1s not bound to
the column, but proceeds through with the flrst buffer
used, which 1s identical with the column equllibrating
buffer. Similar results were obtalned (Flgure 1L) when
3 ml. of saline containing 0.3 g of radloactive vitamin

B12 was placed on the standard columni all radloactlvity
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Figure 12, Column chromatogram of dialysed radloactlive
vitemin B, labelled normal serum (1 ml.).

Changes in eluent were made at tubes 17, 33
and 63 .

e——=» = optical density at 280 mp,
%---X = radloactivity in counts per

minute above background
0 = pH

B113



0.8

0.6

0.4

0.2

o o 0.0, 550 _mp _

o——=» (0D 280 mp

B SN

TUBE

Figure 13. Column chromatogram of oyanocobalamln

(1000 nuge).

Changes of eluent were made at tubes
21, 37 and 52.
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Filgure 14. Column chromatogram (radioactivity in counts
per minute above background only) of 0.3
nge radioactive vitamin 512.

No eluent change; yleld was greater
than 92%.
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appeared at the first peak, and the radioactivlty;detected
in the eluent accounted for above 92% of that placed on

the column,

5.2.2 liormal Plasma - High Specific Activity
Radloactlve Vitamin 312.

The pattern obtailned wlth ﬁndialysed normal plasma,

labelled with high specific radloactivity vitamin 812

at the 2 ng./ml. level is shown in Figure 15. It will be
noted that most of the radloactivlity is associated with
the initial peak; sapproximately one-tenth the amount of
radloactivity is assoclated with peak II, and a smaller,
detectable amount of radicactivity is present at peak V.
The chromatogram obtained from this plasma after dlalysils
1g shown in Figure 16. Eere, little rediosctivity ls seen
at peak I, and most of the radloactive materlial is found
at peeks V and II, the amount at peak II being approximately
half that at peak V. It is therefore concluded that the
majority of the material seen in peak I at Figure 15
represents radioactive vltanmin B12 which was not bound to
plasma proteins, and which proceeded through the column in
the manner shown in Figure 14 above. It will be noted
that there is more radioazctivity at peak V of the dlalysed
sample than at peak V of the undislysed standard; similar
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Column chromatogram of 0.75 ml. normal
undlialysed plasma labelled with high
specific actlivity radioactive vitamin
By» at the 2 ng./ml, level.

Changes of eluent were made at tubes
26, 42 and 90,

——8 = optical density at 280 mp,
%--=-X = radioactivity in counts per
minute above background.
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Figure 16, Column chromatogram of 1.0 ml, normal
dialysed plasma labelled with high
specific activity radloactive vitamin
512 at the 2 ng./ml. level,

Changes of eluent were made at tubes
21, 34 and 67.

e——o = optical density at 280 mp.
==X = radioactivity in counts per
minute above background.
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volumes of plasma were placed on each column, and the two
columns were conducted four days epart, so that radloactlive
decay alone will not asccount for this difference. It 1s
algo observed that the material at peak II is less on the
dialysed specimen than on the undialysed speclmen. Slnce
peak II is known to be the peak at which most of the beta
globulin appears, and since peak V is known to be the peak
at which most of the oy globulin appears, it is possible
that st the end of the period of dialysls, a transfer of
vitamin B12 from the beta to Qy globulins has taken place
in vitro in much the same manner as takes place ln vivo,.
Attention is also drawn to the fact that ln both instances,
the peak of radloactivity associated with peak Il 1s
slightly behind the peak of optical density; this finding
wlll be discussed later.

Be2e¢3+ Abnormal Plasma. The pattern obtalned when
1 rl. of dialysed radiocactive vitamin 512 labelled plasma
from a patient with chronic myelold leukaemia was placed
on the standerd column is shown in Figure 17. The plasma
used was obtalned from patient GCW {Table X), and had been
bvound at the 10 ng./mle. level; the binding at this level
was 51.74, that is, 5.17 ng./ml. Lost of the radloactlve

material was detected at peak V, with smaller quantitles
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Figure 17. Column chromatogram of 0.5 ml. dlalysed
chronic myeloid leukaemia plasma
labelled with radioactive vitamlu B,,
at the 10 ng./ml. level (patient —
GOW, B73).

Changes of eluent were made at tubes
50, 130 and 160,

e———o = optical density at 280 mpu.
-——X = radioactivity in counts per
minute above background.
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being found at peaks I and III-IV.

The chromatography pattern obtalned from dialysed
labelled plasma from another patlent with chronic myeloid
leuksemia (Patient MUL, Table XI) is shown at Figure 183
binding was performcd at the 100 ng./ml. level. Although
peaks of radioactivity were observed in assoclation with
column peaks I, II, III-IV and V, most of the radloactlve
material was located at peak Vi the two polints at the top
of this peak represent 5408 counts above background.

Figure 19 is the column chromatogram ¢f dialysed
radioactive vitamin B12 labelled serum from a 19 year old
female patient, who had a serum vitamin B,, level of 60 peg/ml.,
and vitamin B12 binding capacity of 20.4 nge./ml. at 100 ng./ml.
level. Her primary disease was considered to be ldlopathic
steatorrhoea. It will be noted that the complex peak III=-IV
was of an.unusual shape, and was assoclated with considerable
amounts of the radlioactive vitamin B12' in two separate
areas. Since this is the peak at which albumin normally
appears, and as the patient was hypoalbuminaemlc, the
abnormality in the protein pattern is probably explalned
on this basisjy however, the pattern of binding of the
radioactive vitanin 312 is quite dlfferent from normal.

Similar pattcrns have not been found in other patients wlth
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Figure 18. Column chromatogram of 1,0 ml., dialysed
chronic myeloid leukaemla plasma labelled
with radioactive vitamiln B1 at the
100 ng./ml. level (patientlMUL, B122).

Chenges of eluent were made at tubes 16,
34 and 64, Radloactivity at pesk V was
in excess of 5000 cpn,

e——o = optical density at 280 mp.

x---x = radiosctivity in counts per
minute above background.
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Figure 19. Column chromatogram of 1.0 ml. dialysed
plasma labelled with radioactive vitanln
B,,s Sample from patient with ldlopathic

st8atorrhoea and vitamin By, deficlencye.

Changes of eluent were made at tubes 20,
50 and 77.

e——eo = optical density at 200 mu.
¥---x= radioactivity 1in counts per
minute above background.
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vitamin 312 deficiency unrelated to idiopathiec steatorrhoea,
and 1t 1s consildered likely that this particular pattern
may be & result of protein deflciency as well as a

raflection of vitamin B12 deficlency.

5.2.,4 Abnormal Plasma - lilgh Specific fctivity
Badloactive Vitamin 312.

All studles in this particular section were performed

with high speciflc activity CoSg-vitamin Byo (approximately
90 nc./ng.), and binding was performed in each instance at
the 2 ng./ml. level. The pattern obtalned from undialysed
radioactive vitamin B12 labelled plasma from a patient with
chronic myeloid leuksaemia, at a time when this plasma showed
no detectable bound vitamin B,, (patient SME, sample taken
6.5.65) is shown at Figure 20. In contrast to the normal
binding pattern seen at this level (Flgure 15}, almost
one=thlird of the radiocactivity prior to dlalysis was
associated with pesk V. The pattern obtained following
dialysis of this particular undialysed specimen is shown

at Figure 21, and almost all detectable radioactivity was
assoclated with peak V; there was some radiocactivity in
assoclation with peak II and peak III-IV, but this was

less than 5% of the radloactivity represented on this

column chromatogram.
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Figure 20, Columyn chromatogram of 1.0 ml. undialysed
chronic myeloid leukaemla plasma
labelled with radioactive vitamin B
at the 2 ng./ml. level (high sea.)}
Patient SME.

Changes of eluent were made at tubes 23,
36 and 75.
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Figure 21. Column chrematogrem of 1.0 ml. dialysed
chronic nyelolc leuksemla plasma
labelled with high specific activity
radicactive vitamin B,, at the 2 ng./ml.
level; patient SHE.

Changes of eluent were made at tubes 25,

37 and 75.
e——o = optical density at 280 mpu.
¥-—-~—x = radlosctivity in countse per

minute above background.
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A column chromatogram of an undialysed redloactive
vitamin 512 labelled specimen of plasma from patlent COR
(18.2.67) 18 shown at Figure 22. The most striking feature
of this particular chromatogram is that all radiocactivity,
with the exception of a small pesk 1In assoclation with
peak II, was located in association with peak V. It is
therefore probable that all radiocactive vitamin B12 was
bound to protein when the materlal was placed on the
column. The dialysant of this particular sample, which
was chromatographied some weeks before the standard, 1is
shown at Figure 23. Similar results are shown at Flgures
24 and 25 for further samples of plasma from patient COR.
Again, almost all detectable radloactivity was leocated
at peak V.

Two later chromatograms of this patient's plasma are
shown at Figures 26 and 273 Figure 26 shows the results
of column chromatography of a dlalysed radioactlive vitamin
By, labelled specimen of plasma collected on 3.3.67, and
Figure 27 shows the pattern obtained from column chromat-
ography of a dlalysed radloactive vitamin 812 labelled
specimen obtained on 28.4.67. It will be noted that 1in
both instances, significant smounts of radloactivity were

located at peak II, in addition to the larger amount of
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Flgure 22, Column chromatogrem of 1.0 ml. undlalysed
chronic myeloid leukaemies plasma labelled
with high spacific activity radloactilve
vitamin Eéﬁ at the 2 ng./ml. level

-}

patient C 18.2.67.
Changes of eluent were made at tubes 17,
34 and 64.

o——o = optical density at 280 mp.
X--—X = radioactivity in counts per
minute atove background,
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Flgure 23. Column chrematogram of 1.0 ml. dlalysed
chronic myelold leuksemla plasma
labelled with high specific activity
radioactive vitamin b,, at the 2 ng./ml,
levely petient COR, < 18.2,67.

Changes of eluent were made at tubes 22,
36 and 67.
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Figure 24, Column chronatogram of 0,75 ml. undlalysed
chronlc nyeloid leukaemie plasma labelled
with high specific activity radloactlvs
vitamin El” at the 2 ng./ml. level; patlent
COR, 22¢2267,

Changes of eluent were made at tubes 19,
30 and 63 @

e——e = optical density at 280 mp.
~-—X = radiocactivity 1in counts per
minute above background.
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Figure 25. Column chromatogram of 1,0 ml. dlalysed

chronic myeloid leukaemia plasma labelled
with high specific activity radloective

vitamin 812 at the 2 ng./ml, levelj
patient COR, 22267,

Changes of eluent were made at tubes 18,
33 and 70,

&——@ = opticel density at 280 mu.
O x = radloactlvity in counts per
minute above background.
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Figure 26. Colunn chromatogram of 1.0 ml. dialysed
chronic myeloid leukaemia plasma

labelled with hlgh specific activity
redloactive vitamin B

1p 8t _the 2 ng./ml,
level; patlient COR, 34367,

Changes of eluent were made at tubes 17,
32 and 67,

e——=9 = optical density at 280 mp.
X*----X = radioactivity in counts per

minute above background,
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Figure 27. Column chromatogrexn of 1.0 mi. dlalysed
chronic myeloid leukaemia plasma
labelled with high specific activity
radioactive vitamin B,, at the 2 ng./ml.
level; patient COR, 284467

Changes of elusnt were made at tubes 18,
29 and 63.

e——=o = optical denslty at 280 mp.
X====-X = radioactivity in counts per
minute above background.
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radioactivity at peak V; reference to Table XIV will
indicate that the vitamin B12 binding capacity of this
patient's plasma was falling from its previously high
levels whenh these two particular specimens were collected
and studied.

5¢2¢5 Preferentiel lNature of Binding in lyeloid

Leukaenia.

In addition to the findings set out above, it was

possible to study plasma from the patient SMNE at a time
when her myeloid leukasemia was still actlve, when her
vitamin By, binding capacity was still elevated, and when
there was no detectable vitamin B, in her serum (See
Appendix AI). Figure 28 shows the results of column
chromatography of dialysed radloactive vitamin B12 iabelled
plesma, which had been bound at thé 100 nge./ml. level.
A1l radioactivity detected was located at pesak V, and this
accounted for more then 95% of the radloactivity placed on
the column at the beglmnning of the elutlion process.

The evidence presented above in Figures 22 and 23
is algo strongly indicative of the fact that there was,
in tue sera of these patients with chronic myelold leuksemla,
a protein which, with the system of column chromatography

used for this study, moved with peak V3 <this protein had
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Figure 28. Column chromatogram of 1.0 ml, dlalysed
chronic myeloid leukaemia plasma labelled
with radioactive vitamin B12 at the
100 ng./ml. level; patient “SME, 28.4.65.

Changes of eluent were made at tubes 34,
84 and 116,

¢—=o = optical density at 280 mp.
¥—-—--x = radioactivity in counts per
minute above background.
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the property of binding vitamin B12 in preference to
other protelns.

Figure 29 shows the resulis obtained from column
chromatography of a dialysed labelled specilmen of ay acld
glycoprotein. All radloactlvity was associated with the
only peak of optical density, which was located at peak V

on the standerd chromatogram.

5.2.6 Belationghip Between Vitamin B,, Binding
Protein and Isologous Antlbodieg.

Reference has been made previously to the temporal
assoclation of the abnormally high vitamln B12 binding
capacity in patient COR with an abnormally high anti-Fy®
titre, which apparently arose as the result of blood
transfusion. The binding capacitles measured in three
patients with isologous antlbodies were not different from
normal. Although the column chromatography technique
results in the dilution of the 1 nl. starting sample to a
final volume of approximately 500 ml., it was possible,
because of the hizh titre of the anti-Fy® antibody, to
jdentify this antibody in the chromatogram shown at
Figure 233 anti-Fya activity was found to a titre of
1 in 4 by the Coombs test in tube 3 of this column, which
represented the highest point of peak I. o anti-Fy?
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Flgure 29. Column chromatogram of 1.0 ml., dialysed a

gcid glycoproteln labelled with radlo- 1

active vitamin B,, at the 10 ng./ml.
level.

Changes of eluent were made at tubes 20,
46 and 83,

e——=8 = optical density at 280 mu.
X~——--x = radicactivity in counts per
minute above background.,
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activity was detectable in other peaks of the chromatogram,
The locatlion of Cohn fractlon IIi—l,almost entirely at
peek I (Figure 5) is further corroborative evidence for
this finding, since this particular Cohn fraction ls that
which contains the majority of antibodies, both

autologous and 1lsologous.

5.,2,7 Besumé. Column chromatography of plesma from
patients with chronic nyelold leukaemia has shown marked
differences from the normel patterns obtailned, in both the
dialysed and undlalysed specimens, and at low and high
levels of binding.

Avidity of vitarin B12 binding by a proteln assoc-
tated with peak V of the chromatogram has been denonstrated
in several patients with demonstrably hilgh in vitro vitamin

B.. binding capacity. These patterns are consistently found

12
in patlents with chrocnic nyelold leukeemia who have an
increased vitanmin B12 binding cepacity. In addition, in

one patient, it was shown, at a time when there was no
detectable vitamin 512 in the plasma, that all radloasctlivity
was detected after binding of added radloactive vitamin 512
at peak V.

In the normal pattern, & change in distribution

between the proportion of radiocactivity detectable 1n peaks
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II and V nas been likened to the known in vivo transfer
from the beta binder (transcobalamin II) to the alpha
binder (transcobalamin I).

An abnormal pattcrn has been demonstrated in one
patient wlth vitamin B12 deficiency, which was present in
assoclation with i1diopathic steatorrhoea; 1t 1ls not
certain whether this finding was related to hypoprotelin-
aemia, or an abnormality of vitamln 512 binding, or a
combination of hoth.

It has bcen demonstrated in a patient who had an
abnormally high vitamin 312 binding capacity at the same
time as a high antibody titre was observed, that the high
vitanin B12 binding capacity was not assoclated with the
abnormal antibody in her plasma, since the peak at which
most radiocsctivity was located was not that with which

the antibody was associated.

5.3 Effect of Leukocytes on rlasma Protein Binding of
Vitamin 512‘

Leukocytes were harvested from freshly collected

anticoagulated blood and the lymphocytes and granulocytes
separated in the manner described above. The results
obtained when vitamin 312 binding capaclty was determined

for the lymphocyte=rich plasma from five normal blood



SAMPLE

H O o v >

H O Q & >

PEZRCENTAGE

EOUND TO

DIALYSATZE.

17.0
20,0
18.0
18.0
20,0

20,0
20.0
21.0
22.0
21,5

TABLE XVI.

PLASMA PROTLIN BINDILG OF 0058- VI

5E 10 DEe/ml. Level) RARLE,
I, CONTROL (N
PRECI-ITATE, PERCENTAGE (pze/mis)
3.8 20.8 2.08
6.5 26.5 2465
o4 22.4 2.24
4e5 22,5 2425
ha7 24,7 24047
1. IMPH TES J
2.9 2249 2429
6.3 2643 2463
3.8 24,8 2.48
b b 26 .4 2.64
5e2 2647 2.67

B528

PZRCENTACE

INCREASE

10.1
=~ 048
10,7
17.3
Eel



PLASHA PROTEIN BINDING OF Cod ~VITAKIN B

SAMPLE

A 31.0
29.0
c 29.0

A 31.0
L7.0
51.0

& BOUND TO
DIALYSATE.

TABLE XVII

(at 10 ng./ml. level)

1, CONTROL (N, Saline)

Percentage (ng./ml.)
be5 3545 3455
L.1 33.1 3.31
5.0 35,0 340
II. GRANULOCYTES ADDED
5e7 36.7 3467
8.1 55.1 5.51
10.2 61,2 6.12

PERBCENTAGE
INCEEASE

345
66.5
80.0

B519%
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donors are set out in Teble XVI, together with the control
figuress binding was performed at the 10 ng./ml. level,
and the lymphocyte-rich suspensions contalned less than

57 leukocytes other than lymphcotyes. There is no
significant differerce between the results obtained with
lymphocyte-rich plasma in comparison with the results

of control specimense.

In Table XVII, the results of three experlments are
set out, in which the vitamin B12 binding capacity of
granulocyte~rich plasma from three normal blood donors was
measured, and compared with values obtalned for the control
samples which did not contaln granulocytes. Binding was
performed at the 10 ng./ml. level and the leukocytes 1n
grenulocyte-rich plasme were more than 90% granulocytes.

A marked increase in the vitanin B12 binding capaclty was

observed in two of the three samples, (B,C) and the levels
of binding were in the abnormal range, unlike the control

values. No significant alteration in binding was noted in
the third sample tested {A).

Similar experiments have been performed wlth simllar
resultsy that is, lymphooyte-rich plasma did not bind
significantly more added vitarpin 512 than the control

plesma, and granulocyte-rich p}asma bound more added



TABLE _XVIII

VITAMIL B12 BINDING TO SEPARATED PLASHMA PRCTEIN FRACTIONS

Percentages

LEVEL OF ADDED VITAMIN B,, (nge/wl.)

FRACTION 10 25 50 75
Gamma 1. 2 Di=l. 6.’4‘ 3-1 2.70 0.28
Ppte. 0.3 0.75 0.86 Oui1
Total 6.7 3.85 3,56 0499
Gamma 3 Dial. 3.8 0473 1.28 1.96
Ppte. 0.9 0.56 0.94 1.04
Total 4,7 1.29 2622 3.00

a, acld Dial. 53'0 86.0 5#.0 LELO
élycoprotein Ppte. 2.9 345 Je 2473
Total 55.9 89.5 57.5 48.73

&y glyco- Dial. 8.5 33 3.2 2.77
Protein Ppte « 2.0 0076 1.18 0073

Total 10.5 4,06 4.38 3.50




TAEBLE XIX

VITAIN B,, BINDING TO SEPARATID PLASKA PROTEIN FRACTIONS

Percentages

LEVEL OF ADDED VITAMIL B,, (ng./ml.)

FRACTION
10 25 50 75 100
Crystalline Dial. 12.8 6.15 o110 5400 2.85
transferrin ?pte. 0.9 0.”8 240 1.66 °¢15
Total 1307 6.63 6010 6.66 3900
Fibrinogen Dial. 12.2 6.05 5.8 405 506
Ppte. 706 0.89 2.0 2.04 2.0
Total 1948 6.94 7.8 6454 746
Praction I11-I Diel, - = 3.02 1¢26 -
Ppte. =~ - 2436 1.03 -
Total 5438 2429
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vitanin B12 than lymphocyte-rich plasma and the control

plasma, although this did not occur in every lnstance.

Se4  Vitamin B,, Binding to Separated Plasma Protein
Fractions.

This set of experiments was designed to measure and
compare the in vitro vitamin B12 binding capaclity cof a
number of isolated protein fracticns. The vitamin 812
binding capaclity was measured in the standard menner, as
described above, on the followlng plasma proteln fractlons
obtained from the Commonwealth Serum Laboratorles,

Felbourne:-

Fibrinogen (Cohn fraction I - 4)
Camma Globulin (Cohn fraction II - 1, 2)
Gemma Globulin (Cohn fraction II - 3)

Crystalline Transferrin (Cohn fraction IV-7.2)

a, glycoproteln (Cohn fraction VI - 1a)

ay acid glycoprotein (Cohn fraction VI - 1b)

The fractions were recelved in a lyophilized form,
and were dissolved in sterile physioclogical saline to glve
a 2% concentration (that is, 200 mg./10 ml.). The data
obtained in the experiments are shown in Tables XVIII to
XXI; Tables XVIII and XIX show the percentage of the

added radlioasctive vitamin 512 bound to dialysate and



TALABLE XX

VITAKIN B,, BILDING T

SLPABATED PLASIA PROTEIN FHACTIOINS

12

O
ABSOLUTE_ANOULTS
(ng./ml.)

L=VEL COF ADDZED VITAEIN Blz (nge./ml.)

FRACTION
10 25 50 75 100
Gamma 1, 2 Dial. 0.64 0077 1.35 044 1666
Ppte. 0003 0019 0.43 0-31 0025
Total 067 0.96 1.78 0475 1.91
Gamma 3 Dial. 0.38 0.18 0.64 1.47 1.0b
Ppte. 0.09 0'14 0.47 0.?8 0035
Total 0047 0032 1,11 2.25 1.79
ay acid Dials 5430 21.5 27.0 3h.5 4s5.0
glycoprotein Ppte. 0.29 0.87 1.75 2,07 1.5
Total 5.59 22437 28.75 36457 Lé.5
protein Ppte. 0.20 0.19 0.59 Ce55 025
Total 1.05 1.02 2019 2.62 1.93




IABLE XX1
VITAMIN B, BINDING TO SEPARATED PLASNA PROTZIN FRACTIONS.

ABSOLUTE AKOUNTS
(ng./ml,)

LEVEL OF ADUED VITANIN B,, (ng./mi.)

PRACTION
10 25 50 75 100
Crystalllne Dial. 1.28 1.54 2405 375 2.85
transferrin Ppte. 0.09 0.12 1.0 1.25 0e15
Total 1.37 1.66 3405 5400 3400
Fibrinogen Dial. 1.22 1.52 2,9 339 5465
Ppte. 0.76 0,22 1,0 1.53 2.0
Total 1.98 107"" 3.9 lh92 7.65
Praction I1I-I Dial, = - 1.51 0.950 -
Ppte. = - 1,18 0.770 -

2.69 1.720
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precipitate at the 10, 25, 50, 75 and 100 ng./ml. levels,
and Tables XX and XXI contain the same date calculated

as absolute amounts of the radioactlve vitamin bound.

The data from Tables XVIII and XIX are shown dlagram-
matically at Figure 30 and the data from Tables XX and XXI
are simlilarly shown at Figure 31.

It is apparent that the @y acld glycoprotein bound
nuch more added vitamln B12 at all levels than any of the
other proteln fractions. It 1ls also apparent that, whereas
the other proteiln fractions appeared to have reached an
equilibrium state (referred to varlously as secondary
binding or non-specific binding) at or before the 100 ng./ml.
level, the binding to g acld glycoprotein does not appear
to have reachued thls secondary binding phase. Up to the
limits of this series of experiments, that is, 100 ng./ml.,
there was a continuing increase in the absolute amount bound,
unlike the other protein fractlons used, suggesting that the
primary binding capaclity for vitamin 512 of this protein
fraction (or one of its components) had not been reached
at the upper levels of the amounts added.

Similar results, not shown, have been obtalned using,
under slightly different experimental conditlons, albumin,
Cohn fraction III-1 (a beta globulin fraction) and Cohn
fraction III-0.
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Flgure 30, Vitamin B, ., binding capaclty of separated
protein rl‘ﬁctlons. ghowlng the percentage
bound at different levels of added
radioactive vitanmin 1312.

o---¢ = Fibrinogen &---8 = Transferrin
X = Gamma 1, 2 0—O0 = ay acid glycoprotein
¢------0 = Ggmma 3 --A = Oy glycoprotein
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Figure 31. Vitamin B12 binding capaclty of separated
proteln fractlons, showlng the absolute
amount bound at dlfferent levels of added
radloactive vitamin 1312..

@---- & = Flbrinogen ¥—- —a = Transferrin
—x = Gamma 1, 2 o0———>0 = Ay acld glycoprotein
-uu-- ® = Gamma 3 A—-—_ = as glycoprotein.
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5¢5 Other Methods of Proteln Separation.

In this section, for purposes of completeness and
later discussion, the results of protein separation by
paper electrophoresis énd starch gel electrophoresis are
recorded; the small volumes of plasma which can be utilized
in these techniques, and the low levels of radloactlvity
which result, together with the lack of discrete separetion.
made it impracticable to continue using these technlques.

Paper electrophoretic separation was performed on a
dialysed labelled plaesma sample from a patient with chronile
myeloid leukaemia (patient GOW, Table X); binding had been
performed at the 10 ng./ml. level, The paper strips were
divided and radloactivity counted in a well-type scintillation
counter. The majority of the radloactivity (£2%) was
assoclated with the albumin fractioni the remainder of the
radloactivity was assoclated evenly between the ay globulin
(5%), and a, globulin (7%) and the gamma globulin (62)3
no radioactivity was detected in association with the beta
globulin fraction. The ay acld glycoproteln, when studled
by this electrophoretic system, was located withln the
boundaries of the albumin portlon of the electrophoretogram,

Similar patterns were obtalned when dialysed labelled

plasma samples were subjected to starch gel electrophoresisj;



most radioactivity (45-60%) was assoclated with the
albumin area of the electrophoretogramj; again, the ay
acid glycoprotein had a mobility which brought it
within the albumin area of the separated whole plasma.

The small pumber of counts of radlcactivity obtained
for each protein segment did not permit the error of each

count to be reduced below 20% in either method.
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DISCUSSION.

It is now well recognised that there are vitamin B12
binding proteins present in a number of biologleal flulds,
including gasﬁric julce, plasma, saliva, and there are
also apparently vitamin B12 binding proteins in white
cells (Simons, 19643 Simons and Weber, 1966) and cerebro-
spinal fluid (leyer et alii, 1959). There are apparently
three vitamin B, , binders in gastrie Juice (Grasbeock st alit,
1962; Simons et alll, 1964); not all of these binders have
intrinsic factor activity, although it was originally thought
that the vitamin B12 tinder of gastric Julce and intrinsic
factor may have beon identical (Gr8sbeck et alili, 1959).

At least one of the gastric Jjulce vitamin B12 binders, that
designated "B" by Grasbeck, is thought to be simllar to, if
not identical with, the vitarin 512 binding substance of
other bvody fluids; the "B" binder in gastric Julce does
not have intrinsic factor activity.

The patterns of in vivo plasma biunding of vitamin B12
ir man appear to be failrly well characterized, although at
the present stagc of our knowledge, the specific protein
moletles Which aye responsible for binding vitamin B12 have
not been identified nor isolated from the larger proteln
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complexes. Although the specific vitamin B12 binders

have been termed transcobaslamin I and II by Hall end
Finkler (1964), and o and p binders by Herbert and his
colleagues (Betief et alil, 1967a), 1t is certaln from

the calculations made by Heller et alil (1964) and others
referred to above (lMiller and Sullivan, 1959b; llendelsohn
et alil, 1958) that the vitamiln B12 binder is likely to be
only a very small component of these particular protein
aggregates., Vitanmin B12 which is injected is bound to
transcobalamin II, the beta globulin binder, and is
rapldly lost from this over the next 24 hours to the alpha
binder, or transcobalamin I, which accounts for most of
the endogenous vitamiln Biz present in the circulation.
Variations in the ratios of these proteins, or possibly,
in the binding capacitlies of these protelns, occur in
certain disease states, including myeloid leukaemla and
pernicious anaenia (Hell and Finkler, 1966b; Eetief

et alil, 1967a; Lawrcnce, 1966b).

The patterns obtalned for in vitro plasma binding
of vitanin 312 are not nearly as clearly defined as the
patterns of in vivo binding, and there are a number of
reasons for this. In addition to the problems of

relatively low specific activity, and of the lack of



success {as yet) in isolating the deflnitive binders
which the 1in vitro technlque shares with the in vivo
technlque, there are methodological problems connected
wlth the in vitro techniques which are basically
difficulties inherent in the methods used for separation.
In all forms of electrophoretic separation, the divisilon
of the protelns must be regarded as artificial, and,
partlicularly with paper electrophoresis, the number of
geparated proteln fractions which can be obtained 1is

less than with other techniques. A further difficulty
arises from the minute amounts of material which can be
successfully used in certaln of the more elegant
separation techniques, such as lmmunoelectrophoresis and
acrylamide gel electrophoresis. For these reasons, column

chromatography was the method of choice for these studles.

6.1 Vitamin 312 Bindirg Capaclty.
6.1.1 Technical Aspects.

There is no difference, from the results presented
previously, between serum binding and plasma binding of
vitamin 312' This absence of difference applies, whether
the materlal studled was from normals, or from patients
with myelold leuksemla or vitamin B12 deflciency. 1t is

apparent from other work on this subjlect that no
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distinction has been drawn by other authors between plasma
and serum. Certain authors have used serum (lLieyer et alli,
19573 Fahey et alil, 1958), and other workers have used
plasma {Welnstein et alil, 1959); some have used plasma
anéd serum without distingulshing between them in thelr
experiments (Rosenthel et alli, 1964, 1965), while others
have changed from one to the other durlng the course of
their studies; Niller and Sullivan (1959a) used serum in
some of thelr cxperiments, and plasma in others (lilller
and Sullivan, 1961). It would appear, therefore, although
it may be more precise to adhere to one form, and one term
or the othuer, that from the practical point of view, serun
binding and plasme binding of vitamin B12 represent the
seme phenomenon in the same degree.

The storage of plasma for lengthy periods of time at
-20°C does not appear to alter the vitanmin B12 binding
capacity. Several results obtalned in patient SNE were
checked at intervals of up to 4 years, and the duplicate
results obtained were well within the normal standard
deviation of the experimental method. It was apparent,
however, that if plasma was thawed and frozen repeatedly,
the precipitate which formed durlng dislysis was lncreased,

and the amount of radioactive vitamin 312 bound to 1t was
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increased. Thus, if a control specimen is to be used at
regular intervals, it should be divided into aliquots
which are then not likely to be subjected to repeated
freezing and thawing.

Increased binding was demonstrated when whole blood
was compared with the plasma from the same patient. This
increase 1s probably accounted for by binding to specifiec
vitamin B12 binders released from the blood cells during
the period of dlalysls, together with non-specific binding
which took place to the large amount of additional proteln
present in the dialysis mixture.

Although the yleld was not measured in the more recent
experiments, in the initial experiments in which the method
of measurement of binding capécity vas evaluated, attempts
were nmsde to account for all radloactivity by measuring not
only the amount of radioactivity bound to the dlalysant and
to the precipitate, bvut also the radloactlivity assoclated
with the sac and present in the buffer. Sufficlent counts
were performed to allow the error for each indlividual
count to be less than 5%, and in the majority of the
experiments, the yleld was between 907 and 1107 of the
radioactivity present at the commencement of the experiment.

Naturally, with the experiments conducted at 100 ng./ml,
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level of added vitamin Blz' the number of counts obtalned
was higher, the order of accuracy greater, and therefore
the calculated yield was closer toc 100%.

The described technique has also been used to assess
the bindling of radioactive iron to transferrin, and in
these experiments, all radioactivity was found associated
with the dialysant when the test sample used possessed
latent iron binding capacity in excess of the amount of
radloactlive lron added. In experiments conducted on plasma
from patients with haemochromatosis, ln whom the iron
binding capaclity was fully saturated, all the radloactlve
lron was present in the buffer solutlons used for dlalysis;
the yield here agaln approximated 100% in each instance.

Although a number of different temperatures have
been used for incubation in the various methods described,
the binding of radioactive vitamin B12 to plasma does not
appear to be affected by the temperature at which
incubation is performed. Hift (1964), who incubated his
material at 37°C. for 20 minutes, considered that the
serunm binding of cyanocobalanmin was complete withln five
minutes over a range of 0-40°C.

The duration of incubation has been shown in this

present study to affect the amount of radioactlve vitemin
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B12 which 1s bound to plasma protelns, and appears to be
an important factor which may affect the comparison of
results from different series. The exact nature of the
Increased binding which occurs when vitamin B12 is
incubated for 24 hours, rather than for a shorter period,
1s not certainy 1t may represent increased binding to
proteln fractions in the same proportions as the binding
whlch follows shorter periods of incubation, or there

may be a differing distribution throughout the plasma
fractions. Since there was no increase in binding when
the 24 hour sample was refrigerated for a further 24 hours
and then dialysed, 1t is likely that the effect 1is a non-
speclific one, which occurs as a result of the material
belng left at roonm temperature for a period of 24 hours.

A relatlvely short period of incubation is adequate, and
this may be performed conveniently at elther room temperature
or 37°C., provided that incubation does not take place for
very long at the higher temperature, in view of the effect
of heat on protein structure; Hift (1964) pointed out that
excessive heating of proteln during its manipulation may
alter protein sufficlently to provide more binding sites,
and possibly glve an artificially high flgure.

It has been shown on a number of previous occasions
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(leyer et alli, 1957, 19613 Heller et alli, 1964; [lieyer,
1965), as well as in the present study, that the amount of
radioactive vitamin 312 bound to plasma following incubation
and dialysis is related to the concentration of the radio=-
active vitamin asdded prior to incubation. 4&s the
concentration of radioactive vitamin B12 ls increased, the
absolute amount bound increases, although the percentage
bound is less. This increase in binding does not bear a
linear relationship to the increase in concentration, and
has led to the suggestion of primary and secondary binding
(summarized by leyer, 1965).

When dialysed labelled plasma is applled tc the DEAE
cellulose column, there does not appear to be any significant
difference in the distribution of the bound radloactlve

vitanin B between the protein fractions, whether the

12
experiments have been carried out at 10 ng./ml. or at higher
concentrations, although differences have been demonstrated
in the distribution of bound vradloactive vitanin B12 at
different concentrations by preclpitation techniques
(Weinsteln et alii, 1959).

The increase in the binding of radloactive vitamin 812
to plasma from patients with chronic myeloid leukaenia
(Beard et 2111, 1954a; Hollin and Boss, 1955; Raccuglia

and Sacks, 1957; Bachmilewltz et alil, 1957; lieyer et alll,
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1957, 1961; lMiller, 1958; Hendelsohn and Watkln, 19583
Hoogstraten et aliil, 1962) has agaln been observed in
these studles, and is discussed below.

It has been shown from these studies that the
duration of the dialysis procedure is a significant factor
in determining the value reported for plasma binding of
radioactive vitamln 312’ since significant quantities of
radioactivity were shown to be removed by the dialysls
process up to 96 hours from the time of commencement of
dialysis. The periods chosen by other authors for their
dialysis procedures have varled from 9 hours (HBoffr-Jgrgensen
and Worm-Petersen, 1962) to 72 hours (Bosenthal and Austin,
1962), while certain authors used differing dlalysls times
in aifferent studles (Miller, 19583 Iiller and Sulllvan,
1961). It has bcen stated by these latter authors (Eiller
and Sulllivan, 1959a) that when serum whose blnding capaclty
was saturated with added radlioactive vitamin B12 was
required, their serum-vitamin B12 mixture was dlalysed
agailnst large volumes of phosphate buffer for 96 hours,
although others did not observe any difference in binding
at 72 or 96 hours compared with the 48 hour perlod
(Bertcher aund Meyer, 1957). Thus, comparison of results

from one study to another becomes difficult, 1if not
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lmpossible, when 1t is realised that the semples dialysed
for shorter perilods will have reported higher binding
capacities than silmilar samples dialysed for longer pcriods.
It is also apparent from this present study that diaslysis
for 2 short period does not necessarily renmove a
proportional amount of the total dlalysable vitamin present
in a designated period of time. Thus, unless adequate
dlalysis (that is, at least 96 hours) has been performed,
no two sets of results are strictly comparable. Although
it 1s recognised that a 96 hour laboratory procedure is
s sonewhat laborious one from the point of view of time,
it would nevertheless appear more seunslble to measure
all vitamin 312 blnding capaclties at a known end point,
that is, the point of complete removal of unbtound vitaumin
312'
- The teumperature at which dialysls is performed does
not appear to bte critical, except as far as the amount of
radloactivity which is bound to the sac is concerned. The
above results (4.1.6) are in agreement with the results of
liller and Sullivan (1958), who found that the only
difference in binding conducted at 4°C. and at 22°C. was
in the amount of radiocactivity bound to the dlalysis saec,
which, in theilr experiments, was 4=8% at the higher

temperature, and 1-2% in the cold.
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A difference was observed when dlialysis was
performed against tap water at room temperature and in
the cold (Table VIII). A4 nuch heavier precipitate was
formed in these experiments, and 1t 1s consldered likely,
as similar results did not occur with distilled water,
that the effect observed was due to the precipitation
of proteins by the heavy salt content of Adelalde tap
water, which for normal domestic use requires anion
exchange columns for "softening®. o differences were
observed between tap water dilalysls at roon temperature
and in the cold when these experiments were performed
in Sydney, agalnst Sydney tap water, and this would
appear to be further confirmatory evidence for the
explanation offered.

Since the amount of radiocactivity bound to the
dialysis sacking when dialysis was performed at 4°¢.
represented a consistent 1-3% of the total radiosctivity
added, in the majority of the experiments conducted this
nas not been measured, and the binding capaclty reported
represents the sum of the measured binding of radioactlve
vitenmin 312 to the dialysant and the amount of radloactivity
bound to the precipitate which formed during dialysis.
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Bertcher and leyer (1957) found similar results to
those obtalned following dlalysis agalnst tap water
when dialysis was performed against sallne, 6% dextran
in saline and human plasma. Niller (1958) sugrested that
there was no difference between dlalysis carried out
agalnst phosphate buffer, and dlalysls carried out against
water, dextren, barbital and saline. This present study
has shown that there is an observed difference between the
dialysis results obtalned with certsln buffers, related
chiefly to the precipitate which forms during dialysls
against tris phosphate buffer end tap water, and which'
contains significant amounts of bound radloactivity; this
precipltate is minimal when dlalysis is carrled out agalnst
normal saliue. Fahey et alii, (1958) noted that after
dialysis had been carried out for a minimum of € hours at
4°C. against 0.01M phosphate buffer, pH 8, a white,
flocculent precipitate, accounting for 0.5-3% of the total
serum protein had been formed and was able to be separated
by centrifugation. Some methods of measurement of bound
radioactivity (leyer et alii, 1957, 1961) require the
dissolution of the dialysls sac and its conténts in

concentrated sulphuric acid. The results reported in thelr
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studles as the amount bound to plasma would presumably
have included the amount bound to the preclpltate, as
well as the amount bound to the saci the readlngs
obtained will therefore be somewhat hilgher by comparison
with other methods. This may also account for the
similerity of binding values obtalned agalnst a varlety
of buffers (Bertcher and leyer, 1957).

It is considered that the precipitate does not
represent denaturation, but precipitation of high melecular
welght protein molecules (beta and gamma globuling) during
dialysis against a solution which is not isotonic. It was
noted when dlalysis was carried out agalnst an isotonic
saline solution, that the smount of the prccipitate whlch
formed was much smaller than when dialysis was performed
against non-isotonic solutlons.

Although 1t has been shown by Relzenstein (1959b)
that digestive enzymes have some effect on the binding of
vitanmln B12 in vive, there was, in these present studles,
no evidence to suggest that papaln waes capable of
modifying in any degree the effect of binding of vitamin

B to plasma proteins in vitro; thils epplied, whether

12
the papaln was added before or after incubation. Hell

and Allen (1964) have reported that papain digestion
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produced an increase in the amount of vitamin B12 present
in normals which was avalilable to L. gracllis assay.

This probably reflects an inherent variatlon iun the nethod
(Hoff-Jgrgensen and Worm-Fetcrsen, 1962), since it was
shown that microbiological methods may not measurc all
vitamin B12 present.

It was apparent from these studles that the bond
which forms in vitro between vitamin B12 and plasma proteins
was not easily broken. After dlalysis, it was not possible
to remove any of the radiocactive vitamin B12 bound to
plasna proteins by dlalysing the sac and 1ts contents against
a solution containing large amounts of non-radiocactive
vitaniln Blzg both cyasnocobalamin and hydroxocobalamin gave
simllar results.

6al.2 Regultis.

The normal range demonstrated wes not greatly
different from that of Meyer and his co-workers (lLeyer
et alii, 1957, 1961; Neyer, 1965). It is also apparent
that the normal range of the present series is not an
exceptionally wide one, since onc standard deviation, at
voth the 10 ng./wl. and 100 ng./ml. levels of binding,

represents appr oximately 10% of the mean value for normals.
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There have been marked differences from normal
observed in the binding capaclty of plasma from patlents
with myelold leukaemia (li%011in and Ross, 1955; Heyer
et alii, 1957, 1961; DMeyer, 1965). Although in most
instances, serum vltamin 312 levels were not done in
this present study, it has been shown by others that
there 1s 1little or no correlation betwecen the serum
vitamin B,, level and the vitamin B,, binding
capacity (Erdmann-Oshlecker and Helnrich, 1956;
Hoff-Jgrgensen and Worm-Petersen, 1962). A closer
correlation has been suggested between the white cell
count and the degree of binding (liollin and Ross, 19553
Meyer et alll, 1967) but, except in the most general
terms, this finding has not been confirmed in other
studies, or in this present study. It has been noted
in the patient COR that the abnormally high vltamin B12
binding capacity of her plasma (the highest seen in eny
patient in this study) was measured at a time when her
white cell count was normal, with very few primitive
forms present, after twelve months of adequate therapy
with "lyleran®. Thus, it 1s hard to correlate vitamin

B binding capacity to the total white cell count,

12
except to suggest that in the patient who has untreated
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chronic myeloid leukaemia with a grossly elevated white
cell count, it is likely that a high vitamin 312 binding
capaclity wlll be demonstrated.

A closer relationshlip, not previously commented upon,
has been observed from this present study between the
vitamin 312 binding capacity and basophils, which are a
common finding in chronic myeloid leukaemia, and which
are usually more numerous in myeloid leukaemia than in
any other disease, often accounting for 3-20% of the total
white cell count in untreated patients (Wintrobe, 1961).
Although no direct relationshlp was demonstrable between
the total basophll count and the vitamin B,, binding
capacity, nor between the percentage which the basophlls
represented of the total white cell count and the vitamin
B12 binding capacity, 1t was nevertheless found that, for
most patients in this present serles, the vitamin B12
binding capacity was elevated when there were basophils
present in the peripheral blood film, and that when the
patient responded to treatment, the basophils were no
longer detected in the peripheral blood and the vitamin
512 binding capaclty returned to within the normal range.
It could well be, however, that both of these findings

are unrelated facets of untreated chronic myelold leukaemia
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which are the result of similar stimull, and which respond
similarly to the same form of therapy. The exact nature
of the function of basophils remains uncertain; it has
been suggested that they may represent in man a function-
1ess evolutionary rest. It is also recognised that these
cells may have a relatlionship to the mast cells of
connective tissue, and it is known that they have a high
histamine content, and that the metachromatic granules
contain heparin {(Wintrove, 1961). Although the hypothesis
that the increased amounts of vitamin B12 binding protein
arlse in relation to increased numbers of basophils in
chronic myeloid leukaemia is not able to be proven, there
i1s no doubt that the increase in vitamlin B12 binding
capacity and the increase in basophlls appear to be
caunsally related, eilther to one another, or to common
stinuli arising as part of the dlsease process.

It has been found in the chronic myeloid leukaemlc
patients studied in this series, that most had increased
blnding levels at the 10 ng./ml. level and 100 nge/mle.
level. The same did not apply to patients with acute
leukaemia, irrespective of their peripheral white cell
count at the time of study. A significant difference

was demonstrated between the mean values for vitamin B12



binding at the 100 ng./ml. level in patlents with acute
leukaemia, and patients with chronic myeloid leukaemla.
The levels obtalned in patients with acute myelold
leukaemia did not differ significantly from normal,
whereas those of the patients with chronic myeloid
leukaenmia differed significantly from normal. The
reagson for this could be that patients wlth acute
myelold leukaemia, although their plasma may bind
increcased amounts of vitamin Blz'at the 10 ng./ml.
level, do not elaborate sufficlently large amounts of
the vitamin B,, binding protein (or proteins) to
produce abnormasl levels of binding at the 100 ng./ml.
level. If it 1s accepted that mature granulocytes
contribute significantly to the vitamin 312 binding
phenomenon, then thls explanation 1s strengthened,
since in most of the acute leukaemic patlents, there
was & predominance of primitive cells, whereas in
chronic myeloid leukaemia, there may often be a large
number of morphologically mature white cells present.

Although the measurement of vitamln B12 binding
capacity 8t several levels (for example, 10 ng./ml. and
100 ng./ml.) may provide valuable corroborative

information in the dlagnosis of leuiaemia, such

158



investigations are not likely to prove of positive value
on their own; none of the patlents in this present study
was dlagnosed as having myeloid leukaenia solely on the
basis of the vitamin 512 serun levels or binding studles,
although 1t was possible on the basis of normal vitamin
B12 binding values in two patlents to suggest that the
underlying disorder was a non-leukaenic disease producilng
a leuko-erythroblastic blood picture, end on these
grounds specific cytotoxic treatment was withheld and
was later proven not to be indlicated. Stahlberg et alil
(1963) found that when the diagnosis of a specific
morphologlcal form of jeukaenie was made on the basls

of an elevated serum vitamin B12 level in conjunction
with cytochemical studies, this same diagnosis was also
possible by study of the marrow smears; where a
clear-cut morphological dlagnosis was not possible, these
other investigations were of little or no dlagnostic
asslistance.

The vitamin B12 binding capacity was shown to be
inereased in three patients with dysproteinaemias of the
five studled. In each ilnstance, the observed total
increase was due to increased bindlng to the r ecipitate.

As all five major proteln fractions are capable of binding

159
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vitamin By, (Miller, 1958), it 1s not surprising to find,
in patients who have gross increases in gamma globulin
levels, that this particular protein (the principal
constituent of the dialysls precipitate) accounts for an
increased total binding. It is unlikely that the amount
bound per unit of proteln is greater than normal, and the
phenomenon is considered to be gquantitative, and not
qualltative,

The vitanmin B12 binding capacity in vitamin B12
deficlent states was shown to be increased at the 10 ng./ml.
level, but not at the 100 ng./ml., level. It is again
possible that the 10 ng./ml. level reflects more closely
the situation in which vitamin B12 binding sites of a
primary nature are avallable, and that binding at the
100 ng./ml. level accounts for more non-speclfic bilndlng
than occurs at lower levels. Thils finding is not in
conflict with the results of other workers, includling
those of Lawrence (1966a, 1966b). It is possible that,
at the 10 ng./ml. level, the increased binding represents
attachment to sites to which vitamin B12 was normally
bound in the iv vitro method, together with binding to
sites not occupied in the vitamin 312 deficient state,
but which would be unavallasble for binding in normal

plasma, with normal smounts of vitamiln Blz already present.



161

There was no evldence from column chromatographic
studies, in all but one instance (Figure 19) that there
was any abnormality of vitamin 312 binding protein in
vitamin 312 deflclency. There was no evidence to suggest
that there ls an elaboration of a vitamin B12 binding
protein in vitamin E12 deficient states which is
comparable with the elaboration of iron binding protein
in iron deficlent states.

A slight decrease was noted in vitamin B12 binding
capacity at the 10 ng./ml. level in pregnant women. The
explanation for this is not immediately apparent, since
the plasma protein levels during pregnancy are usually
within the normal range, and the binding capacity for
other biological substances, such as icdine, 1s increased
ln pregnancy, particularly during the second trimester
(Dr. W. Roman, personal communication).

Attentlon has been drawn to the marked species
varliation in vitamin 512 binding capacity desecribed by
Rosenthal and Austin (1962); Dbecause of this, and the
species varlation in plasma proteins which precludes
comparatlive conclusions, it 1s highly unlikely that a
sultable laboratory amimal could be obtalned for use as
an experimental counterpart to the clinical studles in
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man. For example, the vitamlin B12 binding capaclty of
a:“Biz binding globulin concentrate” produced from the
Commonwealth Serum Laboratories was found to be minlmal
when tested in the standard manner; 1t was later found
that this was processed from human plasma, and prepared
according to a method for concentrating the plasma
binders of vitamin B12 in cattle. The absence of
demoncstrable binding in the human “concentrate®™ is not
surprising when it is known that the principal vitamln
B12 binding protein in cattle 1s albumin, a negligible
binder in humans.

6.2 Protein Einding of Vitamin B12.
The concepts of primary and secondary binding, and

the variations in binding produced by analogues of vitamin

B have been discussed in the review of the literature

12
above., MNeyer's results (Keyer et alil, 1963) suggested
that the initial phase of vitamin B12 bindlng occurs to
the B pyrrol ring, through its CO-NH2 groups, and that
"phase II" binding appears to occur at the Co-OH linkage,
which presumably dissoclates in aqueous solutlion, making
this additional binding site available.

€.2.1 Technical Aspects.

The technique of column chromatography was chosen



for the study of the distribution of protein bound
vitamin 312' since, in this way, larger amounts of the
labelled material could be separated than was possible
with the methods of paper and starch gel electrophoresis.
Further difficulties may arise with paper and starch gel
electrophoresis, because of the limlted degree of
separation possible with these particular methods (see
5,5 above); the most lmportant limitation was that the

a, acid glycoprotein was not separable from albuumin,

1
which may explaln the apparent increase in binding ‘o
albumin in some studies (Ochs et alil, 1965).

The column chromatography technique selected was

one which did not require packing under nltrogen pressure;

adequate packing was achleved by the use of a 2M NaCl
solution, which, because of its high specific gravity
(S.G. = approx. 1.100), allowed packlng to occur without
the need for external pressure. This solutlion was
cleared from the column with adequate volumes of the
starting buffer before use. The location on the column
of the protein fractions has been set out in section
%+2.1, and is 1llustrated in Figures 4-8.

The initial pH of 6.5 was chosen, slnce, when

Alrlvsis was carried out between pH 8.0 and pH 6.5, and
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followed by column chromatography commencing at pH 8.0,
no significant protein peaks, other than any excess of
protein, appeared before pH 6.5. It is also apposite

to note that the pH 4.5 suggested as the eritical pH for
the alpha globulin binder of vitamin B12 by Flller and
Sullivan (1959a) has been confirmed in this present study,
since the slgnificant peak for abnormal binding, peak V,
appears 1n thls step-wise system after pE 5.0 has been
replaced by pH 4.0.

The effect of the step-wise change on pH has been
indicated 1n Figure 12. It will be observed that when
there was a change in molarity, as well as a change in
PH, there was an initial upward swing, away from the
ultimate direction of the pH change, before the rapid
drop to the new pH level. ¥When there was no change in
rmolarity, and pH only was altered, there was a slower,
more gradual fall to the new pH level. There are two
possible explanations for this phenomenon, the first and
more likely belng that, when molarity and pH were changed,
the column took up the excess of phosphate, and became
translently more alkaline. Alternatively, the finding
may have been due to properties of the proteins themselves;

this is, however, considered unlikely, since the same



pattern of pH change has been demonstrated in experiments
such as that shown in Flgure 29, in whlch the same
transient rise was evidenced, at a time when no protein
was removed from the column, at the change between
0,01} tris phosphate buffer, pH 6.5 to 0.05M tris
phosphate buffer, pH 6,13 thls change occurred at tube
20.

The effect of dialysls upon the pattern of protein
peaks obtained was most marked in relatlon to pesk I;
this is not surprising, when it 1s remembered that the
precipitate which formed during dialysis, (the principal
difference between dlalysed and undlalysed protein placed
on the column) consisted of gamma globulin with some beta
globulin; the reduction in the column component was
principally at peak I, where nost gamma globulin is
located (Figure 4).

It has been demonstrated (Figures 13 and 14) that
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Vvitamin 312' whether it were radloactive or non-radioactive,

did not adhere to the column used in the present study,
unless it was bound to plasma proteins. All detectable
radloactivitﬁ placed on the column appeared in peak I, as
did all optical density, when unbound vitamin 512 vas

placed on the column alone. Thus, in columns of both



normal and abnormal sera, it 1s consldered that any
radioactivity present in peak I in the undlalysed
sample represented principally radloactive vitanmin 312
which was not protein-bound, and which would ultimately
be removed by dlalysis; it is emphasised that the
undlalysed specimen contained both bound and unbound
radicactive vitamin B12. which was added 1in excess as
part of the experimental procedure. The normal
patterms of protein-bound vitamin B12 distribution
throughout the column differ slightly from one another,

but have in common the fact that the vitamin is

distributed throughout the column, and no one particular

peak predominates. This is in keeping wlth previously

observed findings obtained from other forms of proteln

separation, in which all five major protein components

were shown to bind asdded vitamin 512 in vitro (Pitney

et alil, 19543 Helnrich and Erdmann-Oehlecker, 1956a).
6.2.2 Results.

Quite different patterns of binding from normal were

observed when dialysed radloactive vitamin B12 labelled
plasma from patients with chronic myeloid leukaemla was

placed on the column. The principal peak of radloactivity
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was shown to be peak V, and thls accounted for the majority
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of material placed on the column. This has been
demonstrated in the two instances in the early studles
(Figures 17 and 18) in which radioactive vitamin B,, was
added at the 10 ng./ml. level and 100 ng./ml. level
respectively. In the latter instance, the ratio of the
amount of radioactive material located at peak V to the
amount ofAradloactlve material located in the other peaks
18 much higher than at the 10 ng./ml. level. It should
2lso be noted that plasma vitamln B12 binding capaclty
of the patient whose column chromatogram ls shown in
Figure 18 was 37.8% at the 100 ng./ml. level, the
highest level recorded in thls serles up to that time;
only one patient (COR, Appendix AII) has shown higher
levels slnce.

In the studies which were performed using high
specific activity radloactive vitamin B12. in which the
amount added was smaller (2 ng./ml.), patterns different
from normal were again obtained with plasma from patients
with chronic myeloid leukaemia. In the normal (Figure 15),
undialysed labelldd plasma showed the highest peak of
radioactivity in peak I; there was also radloactlvity
detected in peak II and in peak V. After dialysis, there
was little radioactivity in peak I, since this represents
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in the pre-dialysls sasmple the unbound radioactive vitamin
312' end most radioactive material was located 1n peaks
II and V.

It has been postulated that the rclative increase 1in
radloactivity in peak V after dlalysls, compared wlth the
relative decrease in radioactivity in peak II after
dlalysis, may be analogous to the situation in vivo, 1n
which vitanmln 512 is transferred from beta to alpha
globulin binders. Alternatively. the dialysis procedure
may produce alterations of certain of the vitamin B12
binding proteins, so that they may exhibit altered
mobility on the column chromatogram; this, however, seems
unlikely, since there 1s no demounstrable change in the
optical density ratlos between undialysed and dialysed
specimens, normal and abnormal.

The patterns obtained from myelold leuksemia plasma
labelled with high specific activity radioactive vitamin

B showed that, even in the undlalysed specimen,

12
significant quantities of radloactive vitamin 312 appeared
at peak Vi in patient SME, thls amounted to one=-third of
the total, and in patient COR, it aemounted to almost all
the material added. Thls seme pattern was observed

following dialysis. Attentlon has also been draun to the



fact that, in patient COR, as the vitamln B12 binding
capacity fell, relatlively more radioactivity appeared
at peak II, the beta peak. This is referred to again
below.

It has been previously argued that vitamln B1z
binding in myeloid leuksemia to protelns of the ai
globulin group takes place as an overflow phenomenon,
followlng saturation of the normal binding sltes
(Niller ana Sullivan, 1959b; Weinstein et alil, 1959).
liowever, the findings of thesze studles indicate that
binding in chronic myeloid leuakenmia occurred to a
protein with the moblllity of an a, acld glycoproteln
in a preferential manner, rather than as an overflow

phenomenon; the studles of binding to isolated protein

fractions also support this contention {See 6.2.3 below).

In patient SME at & time when theres was no vitamin B12
detectable in her serum (Figure 28), all plasma protein
bound radloactivity detected, representing 96% of the
radioactivity initlally placed upon the column, was
present at peak V. Thils flnding has been confirmed by
two facets of the study of patient COR; first, it is
noted in the column chromatogrem (Figure 23) that, in
the undialysed sample, the majority, 1if not all, of the
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radiocactive material appeared at peak V when high specific
radloactive vitamin B12 was used. Secondly, the fact that
the beta binding proteln (peak II) in patient COR appeared
to account for an increasing amount of bound vitamin B12

as the patient's vitamin'Blz binding capacity fell, may
also be interpreted as evidence for the preferentlal nature
of binding by the @y globulin in chronic myelold leukaemiaj;
it is argued that, as less of the abnormal binding proteiln
was produced, reflected by a fall in total binding capaclty
and in the relative smount of radioactivity present at
peak V, more was avallable for binding by the beta (peak II)
bindlng protein. 4s well as an increase in either the o,
globulin, or one of its components, or in its binding
capacity, it may well be that in chronic myeloid leuksaemia
there is an absence, or a deflclency of the beta globulin
tinder, or possidbly, & loss of its normal binding capacity.
It is not possible to exclude this concept by the results
of this present study.

Comment 1s also requlred concerning the relationship
of the optlcal denslity in peak II to the radioasctivity in
peak II. It will be noted that the peak of radloactlivity
1s consistently one to two tubes behind the peak of
optical density, and this relationshlp appllies for normal
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and abnormal plasma, at all levels of binding. BReports
have been published concerning lsotope effects on 1lon
exchange chromatograephy (Gottschling and Freese, 1962);

in this cited report, it was shown, in experiments

designed to measure the incorporation of tritlum-labelled
2-zminopurine into DNA, that the radioactivity ran slightly
ahead of the optical density in an otherwise well separated
peak. It was consldered thét this was due to a difference
of electrical charge between tritlated and non-tritiated
aminopurine in this particular case. However, in the
present study, 1t is considered that the radiocactivity
findings represent the location on the column chromatogrem
of the beta globulin binder of vitamin 312’ which is 1lilkely
to be one very small component of the entire beta globulin
peak. It has been calculated by various woriiers (Heller

et alii, 19643 @iller and Sullivan, 1959b; Kendelsohn

et alii, 1958) that the amount of vitamin By, binding
protein ls very small, both in normal and in abnormal statesg
1t is therefore llikely that the beta globulin binder is a
small component of peak II on the present chromatogram, and
its location is more falthfully reflected by the peak of
radiocactivity than by the larger, less specific peak of
optical density.



6.2.3 Identification of Vitamin B,, Binding Frotein.

Emphasis has been lald upon the fact that it 1s
difficult, 1f not impossible, in the state of our present
technical knowledge, to isolate the very small components
of the total plasma proteins which account for binding of
vitanin 312‘ Although it has previously been suggested
that seromucoid, or certain of its constituents were
responsible for vitamin B,, binding (litller and Sulllivan,
1959b), this result has been called into question at
various times (liendelsohn et alii, 1958; Welnsteln et
alil, 1959; Hardwicke and Jones, 1966).

The findings of thls present study have indicated
that the abnormal binding of vitanin 512 seen in chronic
myelold leukaenmia was consistently agsoclated with an
abnormally high peak of radloactivity upon the standard
column chromatogrem used. This peak was that peak at
which the oq acid glycoprotein (labelled with radloactive
vitamin B,, or unlebelled) appeared when subjected to the
usual column procedure (Figures 8 and 29). It has also
been shown that this particular proteln fraction was
capable of binding very large amounts of added vitamin
B12' in excess of any other separated proteln fraction

tested. It 18 therefore considered that evidence has
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been presented from two separate directlions to show that
the ey acld glycoprotein, or one Or more of its
constituents, is the protein responslbie for binding
abnormal amounts of vltamin B12 in the myelold leukaenlc

states.

6.3 Relationship of Granulocytes to Vitamin o Binding.
For come time, the posciblliity of leukaenlc cell

destruction as & source of the vitamin B12 binding protein
has been considered (Fahey et alii, 19563 Lendelsohn

et alii, 1956). lollin and Loss (1955) found that the
vitarin B12 concentration of leukccytes was lower than the
concentration in other body tissues, and that the content
of chronic myelold leukaemlc leukocytes was diminlshed.
Thomas and 4nderson (1956), and later, Kidd and Thomas
(1962), studied leukocyte vitamin By, levels in chronic
myelold leukaemia, and found that they were lower than
those in normals, but that in acute leukaenmla, the vitamin
B12 level of leukocytes was elevated. They were unable

to demonstrate any relationship between serun and leukocyte
vitanmin B12 concentrations. They considered that the low
level of total vitamin B, bound by the leukocytes of
chronic myeloid leuksemic patlents did not support the

hypothesis that elevated serum vitanin Blz levels were



due to releesse of this vitamin from the leukaemic cell;
they also agreed that thelr studies did not disprove
this. leyer et alil (1962) showed that mature neutrophils
had the highest vitamln B12 binding capacity of all
leukocytes studied; other leukocytes dld not possess
this property to any marked degres. They also showed
that leukocytes from patients with chronic myelolid
leukacmia had a higher vitamin B12 binding caepaclty when
disintegrated than when the cells were intact. They
congldered that the disintegration product from mature
neutrophils contributed to the lncreased vitamin 512
binding capacity of serum in myeloproliferatlve diseasc.
It was not until 1964 that the presence of a vitamin B12
binding protein in white cells was demonstrated (Simons,
19643 Simons and Weber, 1966). It has been postulated
recently (Retlef et alil, 1967a) that leukocytes may be
the source of alpha and beta vitamin B12 binding proteins,
and that the myeloid leukaemlc granulocyte may give rilse
to more of the alpha vitamln B12 binding globulln and
less of the beta vitamin 812 binder than is dellvered
into the normal serum by normal granulocytes.

The findings of this present study confirm that

intact granulocytes from some persons, but not all, are
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capable of binding cansiderably increased amounts of
vitamin B12’ This is the first study in which separated
lymphocytes and granulccytes have been lnvestigated in
parallel; 1t has been shown that granulocytes and not
lymphocytes possess the property of vitamin B12 binding.
It 1s not yet certaln whether this vitamln 312 binding
protein was released from within the white cells during
these experiments, or was present on their surfaces, or
whether the vitamin 512 binding protein of granulocytes
i1s a breakdown product of the normal granulocﬁte which

binds vitamin B12 non=gpecifically.

6.4 Hypothesges.

There are a nunber of flndings concerning vitamin
B12 metabollism in myelold leukaemla which requlre
explanation, and 1t is pertinent at this stage to
consider these, and the possible explanations which
have been offered, and to attempt to evaluate these in
the 1light of our present knowledge, and in the light of
the filndings of this present study. The following facts
are generally accepted:
1. In myeloid leukaemia, increased serum vitamin B12
levels are common;
2s Increased in vitro and in vivo binding capacity of

the plasma proteins occurs in myelold leukaemiaj
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3e There is a delayed plasma clearance of vitemin B12
injected lntravenously or ingested orally in patients
with myelold leukaemlaj

4. Gastrointestinal absorption of vitamin B,, 1s not
increased in these patlientss

5. There is not impalred renal excretion of vitamln B12
in these patlentsi

6. There is an apparent variation in the proportion of
trenscobalamin I and II (or the alpha and beta globulin
binders), in the plasma of patients with chronic myeloid
leukesemia.

The following explanations have been offered for
some or all of the above demonstrable phenomena, and the
evidence for these has been discussed previously.

# Yeinstein et alil (1959) have shown that gastro-
intestinal absorption of vitamin B12 was not increased
in patients with chronic myeloid leukaemla.

# Similarly, these same workers have shown that the
renal absorptlon was not increased in chronic myelold
leukaemia thus, neither of these explanations may be
tuvoked to explaln the increased serum levels and
increased 1n vitro binding of vitamin BIZ'

* It has been suggested by Weinsteln et alil (1959)
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that a shift i the body stores of only 3% of the total
vitamin B12 content of the body would be sufficlent to
ralse the plasma level by ten times the normal valuej
although this is‘an attractlive theory, there is no
evidence for this at present, and in fact, 1t would be
most difficult, in the light of Relzenstein's work

(Reizenstein, 1959b), to calculate thls with any
certainty.

e It was suggested that the binding of vitamin B12
b§ plasma proteins in myeloid leukaenia might be more
firm than binding in the normal state (liller, 1958);
thls does not appear to have been démonstrated. A defect
1? vitamin B12 binding was postulated some years ago
(horrigan and Heinle, 1952), as an explanation of
réfractory anaemia, but this does not appear to be
different from the binding abnormalities demonstrable
in vitamin By, deficiency (Lawrence, 1966a, 1966b).

#* It has been suggested that the phenomernon of
jnereased binding may be due to an increase in normel
proteins present in chronlc myelold leukaenia; because
of the difficulty in detecting such subtle alterations
as discussed above, this is not yet proven or dlsproven;

no gross abnormality has yet been demonstrated in these

patients (see pp68-70).
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*# Several authors, including Filler (1958). have
suggested that altered proteins resulting from the
disease process may be resporislble for blnding excess
anounts of vitamin Biz. and that it 1s possible that
there may be an increased number of binding sltes on
the same total guantity of proteins thls also
remains unproven.

# An abnormal tissue proteln forelgn to normal
serum has also been invoked as a possible explanation
for increased binding capaclty in nyslold leukaemla.
The possible sources again include white cells, and/or
thelr breakdown products, and an increase 1in gamma
globulins (which occurs in the analogous situation of
leukaemia in fowls (Lagerlof and Sundelin, 1963) ).
Although 1sologous antibodies represent an abnormal
tissue proteln foreign te normal serum, plasma
containing isologous antibodies does not blud increased
amounts of radioactive vitamin 312'

# The possibllity that the excess of vitamin B12 is
released as a result of liver damage has been invoked,
but thls does not appear to be likely, since it 1s recog-
nised that increased levels of vitamln B12 are seen only

in patients with malignant disease when hepatlic metastases
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are pregent (Grossowicz et alli, 19573 Mendelsohn and
Watkin, 1958).

* Heller et alii (1964) suggested that vitamin By,
itself may be the stimulus te the production of its own
binding proteinj the source of the increased clrculating
vitamin 312 in myeleold leukaemia stilll remalns to be
explained in thls hypothesls.

* A further suggestion, which arlses from the present
studies, 1s that an increase in vitamin B12 binding
protein may result from an increased stimulus to the
production of this protein, which stimulus may be the
basophils or granulocytes, or the breakdown products
of elither of thesej 1t is possible that both the
abnormally high levels of basophils and the increased
vitanin B12 binding capacity may occur as the results
of a common, and as yet unrecognised, stinmulus.

# Britt and Roge (1966) have discussed the unusual
finding of normal Qitamin B12 levels in patlents with
pernicious anaemia who have also had, concurrently,
chronic myeloid leukaemiaj they sugcested that the
clrculativg vitamin B12 was not avallable for normal
metabolism in this situation. The patlient SHE of this

study represents the equally unusual and converse



occurrence of a patient with chronic myelold leukaemia,
who had no detectable vitamin B12 in her serum, as the
end result of prolonged failure of absorption by a
gastric remnant. Although preferentlal blnding to a
protein with the chromatographic characteristics of
ay acid glycoprotein was demonstrated, it would
nevertheless appear that all vitamin B12 vwas available
for metabolism in this patient.

It is not possible to investigate retrospectively
the natural history of the development of such a
cliniecal situation, and it is possible only to speculate
whether the vitamin B12 abnormality assoclated with
leukaemia delayed the onset of the defliclency state,
or whether, if large amounts of vitamin B12 were
mobilised from the tlissue stores as part of the

leukaemic process, the manifestation of deficlency was

hastened by the leukaemic processe.
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GENERAL SUMMARY AND CONCLUSIONS



GENERAL SUMMARY _AND CONCLUSICNS

Although it has been recognised for some years that
vitamin B12 is bound to the plasma proteins durlng lts
passage through the body's metabolic pathways, a great
deal remains to be discovered concerning a number of the
dynamic aspects of this transport; the detalls awalting
resolution include the manrier of binding, transport and
relcase of the vitamin by plasma proteins, the isolation
and identification of these carrier proteiuns, and the
basls of the abtnormalities of vitamln B12 trensport in
such diseases as myeloid leukaemla.

The general aims of the present studies have been
first, to evaluate critically the dlalysis method of
measurement of in vitro vitamin B12 binding capaclty and
the factors influencing it, and secoud, to assess by
various methods of protein separation the slgnificance
of observed alterations in the vitamin 512 binding
capacity, particularly the elevations seen in the plasna
of patlents with chronic myelold leukaemla.

The specific aims of these studies, and thelr
potential value in the understanding of both vitanin B12
metabolism and the myeloid leukaemlc disorder have
already been glven in detall (Chapter 1, pages 2-3).
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The review of the literature has covered certaln
aspects of the chemlstry and blochemistry of vitamin B12

relevant to the broad theme of the study, including the
structure of cyanocobalamln and the relationshlp of
structure to protein binding, and the absorption, plasma
clearance, storasge and excretion of the vitamin in man.
The methods of measurement of vitamin B12 levels in
blological materlal have been reviewed, together with
the results, both normal and abnormal, obtailned with
these methods.

Intrinsic factor, its relatlonshlp to vitamln B12
and the vitamin 512 binding capacity of the gastric
julce protelns have been discussed in detall because of
their relevance to the subject of the study; the
uncertainty surroundlsg the structure and functlon of
the gastric julce binders of vitamin B12. and the
probable lability of these proteins, highlights similar
difficulties inherent in the study of protein binding
of the vitamin in plasmsa.

The literature review concludes with a detalled
survey of the methods used for determination of the
binding capacity of vitamin B12' the results obtained
with these methods, and the explanations offered for
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the abnormal binding demoustrable in certaln disease
states, notably myelold leukaemia.
Fost described methods for measurement of vitamin

B binding capaclty have their own deflned conditions,

12
differing from one method to the next; 1t was therefore

an essential part of this present study to assess whilch
physicochemical factors influenced the end result

obtained, and to evolve a method which took into counslder-
ation these varlables.

The method described in this study requires, after
incubation of the test sample with excess radloactive
vitamin 512' a ninety-six hour dialysls against a standard
buffer in the cold, with mechanical stirring and regular
changes of buffer.,

The concentration of the radioactive vitamin 512
added prior to incubatiou, the duratlon of incubation,
the duration of dlalysis, and the solutions used for
dlalysis have been shown to be significant variables in
the method; these variable factors require standardization
to ensure the reproducabillity of the method. Attentlon
has been drawn to the precipltate whlch 1s formed during
dialysis, and the nature and binding properties of this

precipitate have been commented upon. Other varlable
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aspects of the method did not produce variation in the
end results, although to emnsure reproducabllity, these
aspects have also been standardized.

The described method of measurement of yitamin B12
binding capacity was used to determine the normal range,
and to study several groups of patlents in which variation
fron the normel might have been expected.

Gross elevation of the vitamin B12 binding capacity
was demonstrated in patients with chronic myelold leukaemia
at the 10 ng./ml. level and at the 100 ng./ml. level of
added vitamln BlZ‘ In patients with acute myelold
leukaemla, the mean vitamin B12 binding capacity at the
10 ng./ml. level was consistently elevated, and was not
different from that of the chronic myeloid leukaemlc
group; at the 100 nge/ml. level, however, the mean value
for the acute leukaemlc group was not different from
normal, and the difference between the means for the
acute and chronic myelold leukaemic groups was statistically
significant. Attention has been drawn to the posslble
relatlonship between basophilia and the elevated vitamin

B, . binding capacity in myelold leukaemia.

12
The vitamin 312 binding capaclty was not different
from normal in patlents with lymphatic leukaemla, patlients

with isologous antibodies and ln pregnant women.



An increase in vitamin 312 binding capacity was
observed in three patlents wlth dysprotelnaemiasg
the increase in sach instance was in the blnding to the
precipitated portion of the protein.

An increased mean vitamin B12 binding capacity was
demonstrated at the 10 ng./ml. level in patients with
vitamin Blz deficlency, but the mean vltamin B12 binding
capacity at the 100 ng./ml. level was normal; the

possible reasons for this finding have been dlscussed.

Column chromatography of radloactive vitarin B12

labelled plasma from patients with myeloid leukaenia
revealed marked and consistent varlations from the
normal pattern, at all levels of binding.

Increaged binding was consistently assoclated with

a column chromatogram peak (V) at which radioactive

vitanin 512 labelled, and unlabelled, ay acld glycoproteln

appeared; +this separated protein fraction was shown to be

capable of bindlng much more added vitamin B12 at all
- levels thén the other proteln fractions studled.

In the plasma of a myelold leukaemia patient with
no detectable circulating vitanmin 512, all vitamiln 512
added and bound was located at this slgnificant peak V,
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Granulocyte=-rich plasma was shown to be capable of

binding more added vitanmin 512 than lymphocyte-=-rich
Plasma and leukocyte-poor control plasma. The possible
implications of thils finding upon the binding of vitamin

B12 in normal and dlcecase states has been discussed.

The significance of these results, and their
considered originality, has already been stated

on pages 3=5.

Hypotheses.
It is considered, from the results of this study,

that thie demonstrable increase in vitamin B12 binding
capaclity of myelold leukaemla plasma is found in
association wlth a protein which has the chromatographic
mobility of an ay acld glycoproteln, which is itself in

the separated form capable of blnding large amounts of
added vitamin B12. This critical binding proteln may be
the ay acld glycoproteln itself or one of its componentse.
Binding to this proteln in vitro takes place weferentially,
and not as an overflow phencmenon following saturation of
the normal binding sites.

In the present state of our knowledge, 1% is not



possible to state whether thls protein is present 1in
increased quantities 1n chronic myeloid leukaemla, or
whether the increased binding represents a qualitative
change in the protein; similarly, the relationship
of this bindlug proteiln to the beta globulin binder of
vitamin B12. and the factors which induce change
(and possibly interchange) in the levels of these
protelns and thelr binding capacities in certain dlsease
states remaln to be defined.

It is also consldered that normal granulocytes
(or possibly thelr breakdown products) play a significant
rart in plasma protein binding of vitamin 312 in vitro,
and that the ilncreased binding of vitamin 312 in nyelolid
leukaemia may be due to the presence of increased numbers
of mature granulocytes (or thelr breakdown products),

or possibly, the basophilic granulocytes.
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APPENDIX 4.

CASE HISTORIES.

I. SME.

This patient was admltted first to the Clinical
Hesearch Unit of the Hoyal Prince Alfred Hospital, in
July 1961, when she was aged 62. Her only relevant
medical history was a partial gastrectomy and
gastroenterostomy in 1952 for active gastric ulcer.

At the time of her initial admission in 1961, she

had complained of symptoms of weakness, breathlessness
on exertlon and spontanecus brulsing for twelve months.
Apart from a psoriatlic rash on the bvack of her hands,
and a palpable spleen, the physlcal examination was
otherwlse negative.,

Her admission haemoglobin (See Table XXII) was
7.9 gm./100 ml,, and the total white cell count was
161,000/cu.mm., with 35% primitive forms, 44%
neutrophils and 11% basophils. The platelet count was
1,452,000/cu.mm. Marrow aspiration was performed, and
the findings were typical of chronlc myeloid leukaemla.

She was transfused, and treatment with busulphan
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("lyleran®) was commenced, at a dosage of 4 mg. daily.
After two weeks, and little clinlcal response, the
dosage of "liyleran®™ was increased to 6 mg. daily, and
a resporise was induced. She was discharged well, one
month after her initial admisslon, on a malntenance
dose of 4 mg. "lMyleran™ daily.

She was readmitted to the Clinlical Research Unit
in January, 1963, haviug taken ®lyleran® from the time
of her initial admission until December, 1962, Her
complaints were, at this time, of intecrmittent epigastric
paln, thought to be associated with a non-functioning
gall bladder. Her platelet count at the time was high,
and for thls reason, she was readmltted for further
treatment. Investigation showed a haemoglobin value of
10.6 gum./100 ml., a total white cell count of 27,000/cu.mnm.,
of which 7% were primitive forms, 63% neutrophils, 107
lymphocytes, 4% monocytes, 6% eosinophils and 10% basophilsj
the platelet count was 2,200,000/cu.mm. The total serum

vitamin B,, level done at this time was 1530‘Rpg/m1.

12
Sternal bone marrow asplration ylelded a grossly hyper-
celluler smear, with an M/E ratio 2531. The findings

were consistent with the original dlagnosis of chronic

myeloid leukaemia. ©She was glven iron, because of overt
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iron deficlency, and because of difficulties in
supervision (she 1lived in the country) it was decided
to treat her wilth P32; 2.5 mc. were given in February,
1963. She was discharged on maintenance doses of iron.
Later in 1963, and in 1964, smell doses of
"liyleran%, of the order of 2 mg. dslly, or every second
day, were given. She was readmitted to the Clinlcal
Research Unit in April, 1965 (at a time when the "lMyleran“
therapy had been temporarily suspended) with the principsal
presenting complaints of abdominal pain and weight loss.
At the time of admission her haemoglobin was 12.9 gm./100 ml.,
and the erythrocytes showed slight central pellor. The
white cell count was 37,500/cu.mm. and the platelet count
715,000/cu.mm. Oun examination sternal tenderness and
epigastric tenderness were elicited. The patient was
obviously 111 and febrile, but no source of infectlon could
be found. & further sternal marrow biopsy showed a
picture consistent with chronic myeloid leukaemla, and
because of this, treatment was recommenced on L mg. of
"Nyleran® per day, which induced a steady fall in the
white cell count to 7,500/ cu.mm., and in the platelet

count to 485,000/cu.mu.



Although abdominal paln persisted, a barlum meal
showed a normally functioning portion of stomach,
following partial gastrectomy and gastroenterostomye.

Further investigations at this time éhowed the
serum iron to be 37 pg./100 ml., the serum folic acid
2.9 pg./ml., and there was no demonstrable vitamin B,,
present in her serum. The Schilling test wilthout
carbachol resulted in 6% excretion, and with carbachol,
8.8% excretion was observed.

The ulcer-type pain disappeared on anta&id
treatment, and she was glven a large intravenous dose

of iron, and 1,000 png. of vitamin 512 intramuscularly

twice weekly. It was at this stage that she volunteered

that the numbness in her feet, present for some months,

disappeared after the first injection of vitamin 312'

Her response to treatment was good, and she left hospital

in Fay 1965.
She dled at home in the country from a cerebro-

vascular accident later in 1965.
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Hbo (@mé/loomlc)
Wee (1103/ cu.mm)

Platelets (x10°/cu.zm)

Neutrophils (%)
Eosinophils (%)
Basophils (%)
Lymphocytes (%)
Monocytes (%)
Myeloblasts (%)
Promyelocytes (%)
Myelocytes (%)
Yetamyelocytes
Nucleated Red Cells

TABLE XXIII

HAEMATOLOGICAL DATA - COR; 1966,

28/1 4/2 3/5 28/6 26/7 27/9 22/11
Ta9 ©l6 12,7 14,1 13.0 12.8 12.0
294 106 18.5 640 6.5 6kt 745
370 430 235 200 210 Norm. 280

55 49 68 58 55 65 61
1 2 3 - - 1 -
9 15 2 - 2 - 3
b - 15 40 35 31 13
9 1 9 2 8 3 3
5 5 = - e - -
5 3 = - - - -
5 5 3 - = - -
7 20 - - - - -
5 L oOco. - - - -
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II. COR.

This married woman was 49 years of age when sghe
presented to the Queen Elizabeth Lospltal, Woodville,
in January, 1966, complaining of welght loss, an abdominal
mass, and general malaise, which had been present for
several months. On examination, she was found to have an
enlarged spleen, approximately 10 cm. below the left
costal margln; there were no other abnormal clinical
findings. The initial blood count is shown at Table XXIII.
The initial bone marrow showed a myeloidserythroid ratilo
of 90:1, and the findings were consistent with the
diagnosis of chronic myeloid leukaemia. She recelved
blood transfusion, and treatment was commenced with
"liyleran®, 2 mg. three times dally. She was discharged
after 10 days in hospltal on "liyleran", 2 mg. twlce dalily.
When seen in August, 1966, she was well, and her spleen
was no longer palpable.

'In late January, 1967, she was readmitted with
symptoms of anaemia, and was found on exanination to be
extremely pale. The spleen was once more palpable, 2 cm.
below the left costal margin. “Myleran" was continued in
the same dosage which had been malntained for the full

year, and blood transfusion was given. A blood transfuslion



IABLE XXIV.

HAENATOLOGICAL DATA - COR; 19674,

DATE - 31/1 1/2 6/2 10/2 17/2 22/2 24/2 4/3  6/3

Hb. (gm./100ml,) o 5.2 9.4 11,2 6.4 6.6 9.7 8.0 8,6
WCC (x10°/cu.mm.) 7e2 942 941 1346 7.9 7.0 4.0 2.2 L.b
Platelets (x107/cu.mm.) 225 220 196 200 237 184 210 200 195
Neutrophils (%) 66 62 53 53 61 66 67 8y 76
Eosinophils (%) 3 - 1 - - - - - 1
Basophils (%) 13 1% 20 21 22 19 5 5 2
Lymphoeytes (%) .10 9 5 3 10 7 24 5 11
lMonocytes (%) 1 - 4 2 - 1 L 6 6
Myeloblasts (%) 2 - - 1 1 - - - -

Promyelocytes (%) 2 3 - - - - - - 1
lyelocytes (%) 2 6 L 7 b - - 1
Metamyelocytes (%) 1 6 13 13 2 7 - - 2

Nucleated Red Cglls (%) = - - - - - - = -
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reaction cccurred, and on investigation it was found that
the patient had developed an anti~-Fy® antibody which was
present to a titre of 1/2064, with extreme avidlity. She
was discharged in early February, but was readmitted on
18th February, 1967, agailn anaemlic. She was transfused,
and "kyleran® was continued at the same dosage.

She was again admitted on 3rd Karch, 1967, only one
week later with further symptoms of anaemia. Her weakness
had become progressive, and her haemoglobln level had
fallen to 4.0 gm./100 ml. Once agaln she was transfused
with appropriately matched blood, and cortlcosteroids
were commenced, since it was cousldered that a haemolytlc
component was contributing to her rapld araemla. Prednisone
was begun on 3rd lMarch, 1967, in a dosage of 15 mg. four tlmes
daily; "Kylerar® was contivued until &th karch, 1967,
when i1t was stoppede.

Because of the apparent autoimmune haemolytlc anaeuls
which this patient had developed at this time, azathioprine
(*Imuran") was begun in the dosage of 50 mg. twlce dally.
Further transfusion was given, and, following some improve-
ment in the haemolytic process, she was dlscharged on
24th March, 1967, on predniscne 10 mg. three times daily,

and azathioprine 50 mg. twilce dallye.



TABLE XXV.

EAEMATOIOGICAL DATA - COR; 1967B.

DATE - 4/4 18/4 20/4 21/4  2u/4 25/4 28/%
HEb, (gm./100 ml.) 340 11.2 0 13.9 14 .4 12.7 10.4 6.1
Wee (x10°/cu.mm.) 3.4 3.9 p 7.4 16,0 11.0 18.1  23.0
Platelets (x10°/cu.mm.) 280 120 . 310 305 710 780 1,200
Neutrophils (%) 91 83 g 93 95 89 91 88
Eosinophils (%) - - A - - - - -
Basophlls (%) 3 b g - - - 1 L
Lymphocytes (%) 5 8 6 1 9 8 3
Monocytes (%) 1 5 o 1 L 2 - -
Kyeloblasts (%) - - N - - - - -
Promyelocytes (%) - - - - - - L
liyelocytes (%) - - - - - - -
Metamyelocytes (%) - - - - - - 1

Wucleated Red Cells (%)
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A further admission was necessary on 4th April,
1967, because of anaemla, and after transfusion with
9 units of blood, the dosege of "Imuran" was lncreased
to 100 mg. twice dally. A serum vitamin B12 level
done on 11th April, 1967, by the E. graclilis method,
was 1700 pge./ml.

A further admission was necessary on 16th April,
1967, because of symptoms of profound anaemia; she was
again transfused. In view of the red cell survival
studies, which showed a half-life of & dsys (normal 28-32
days) and marked splenic uptake, splenectomy was considered
to be indicated for the relief of this patient's haemo-
lytic process. This operation was performed on 15th April,
1967, and the trans-thoraclc route was used. Initially,
the patlent's progress was satisfactory, and her haemoglobin
value remained normal for one week. In addltion to the
Howell-Jolly bodles which were present immedliately after
splenectomy, the blood film showed unusually large and
oddiy-sheped platelets.

Commencing with the blood film on 24th April, 1967,
the red cells began to show marked spherocytosis. The
f1lm made on 27th April, 1967, showed that 40% of the red
cells were spherocytic, and that made the following day
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showed €0-70% of all red cells in the periphersl blood
to be spherocytic. From 25th April, 19¢7, the patient's
haemoglobln value began to fall rapldly, and she died
four days later. Since the exacerbation of her illness
in January, 1967, she had rcceived 56 pints of blood.

The Coombs test on 18th April, 1967, was positive
to a2 dilution of 1:20,460. After operation, it had
fallen to 1:5120 on 24th April, 1967.

Histological Heports.

The spleen removed at operation on 19th April, 1967,
welghed 1140 gm. Although the splenic archltecture was
preserved, massive haemoslderosls was noted, and much
blood was present in the slnusoids. There was no
histological evidence of leukaemla or extra-medullary
haemopoiesis.

The post-mortem findings were of a thrombosed
splenic vein (postesplenectomy), pulmonary oedema, early
renal tubular necrosis, and chronic myeloid leukaemia.
The bone marrow showed diffuse primitive myelcld cells,
and numerous megakaryocytes. The bony architecture of
the marrow was eroded and distorted by the leukaemic

materlal,
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APPE

PUBLICATIONS,

The following publicatlons contaln material from

this thesls:

1. Studies on the plasma protein biunding of radloactive
vitamin 812. I. Factors influencing in vitro binding.
J. Lab.clin. Med., 63. 1964, 969.

2e Preferential in vitro binding of radloactive vitamin
312 by an abnormal serum protein in chronic myeloid
leukaenia.

Nature (Lond.), 213. 1967, 8i1.

The followlng abstracts refer to certain of the
material in the above two papers, but also record other

aspects of the material of this thesis:

3. Physical factors influencing in vitro plasma binding
of radloactive vitamin B12.
Med. Research, 1, 1963, 55.

4, Column chromatography of plasma labelled with

Co?C-vitamin B (R.W. Beal and B.G. Firkin)

i2.
Med. Research, 1. 1963, 56.
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5. Serum binding of Co’C-vitemin By,t Further studies
of abnormal binding in disease states.

Med. Research, 1., 1965, 151.

6. ©Studies of abnormal serum bindiug of Coss-vitamin
B12 in disease states.
XIth Congress, Internat., Soc. Haematol., Sydney,
1966, p. 226.

7. Serum protein biudlng of coo8-vitamin B 5t
Relationship of granulocytes to increased bindiuge.
(B.W. Beal and W.lM.F. Read)o

Fed. Besearch, 2, 1966, 30.

The followlng papers have bcen submitted for
publication:

Studies on the plasma protein binding of radloactlive vitamin

3123 III, Binding capaclty 1ln disease states.

Studles on the plasma protein binding of radloactive vitamin
312: IV. Column chromatography of normal and abnormal

plasma.

Studies on the plasma protein binding of radioactive vitamin

512: V. BRelationship of granulocytes to binding capaclity.
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Studles on the plasma proteiln tinding of radloactive vitamiln

B,.t VI. Binding capacity of separation protein fractions.

12
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APPENDIX C

PAPERS GIVEN TO SCIENTIFIC SOCIETIES.

The followling papers, deallng with aspects of the
material of thls thesis have been presented to meetings

of the undermentioned sclentific socleties:

Physical Factors Influencing In Vitro Blinding of

Radloactive Vitamin 312.
Haematology Soclety of Australia; MNelbourne,
August, 1963.

Column Chromatography of Plasma Labelled with Coo°-

Vitamin B12 ®
Australlan Soclety for Medical Eesearch;
Adelaide, October, 1963.

Studles of Abnormal Serum Binding of Co5B-V1tam1n B12

in Disease States,
XIth Congress of the International Soclety of
Haematology; Sydney, August, 1966.

Serum Protein Binding of Co C-Vitamin By, Relation-

ship of Granulocytes to Increased Binding.
Australian Society for liedical Hesearch;
Adeleide, December, 1966.



Plasma Factors in Vitanmin 312 Binding.
Haematology Socliety of Australia; Canberra, lay,
1967. (Contribution to symposium on "Advances in
Laboratory Techuiques™).

In Vitro Einding of Co’°~Vitamin B,, to Separated

Protein Fractions.
Australlan Soclety for Fedical Researchj
Adelalde, June, 1567.
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APPENDIX D

EXPEZRIMENTAL CORRELATION.

Throughout the serles of experimental studlies
reported in this thesls, a sequentlial numbering system
has been used for record purposes. This Appendlx
relates the information contailned in the text, £ables

and figures with the appropriate experimental reference.

SECTION EXPERIMENT
helel g%z’ e
h,1.2 Table IV Bit6-9, B73-4
he1.3 Table V BhO=-44
ool B107
koele5 Table VI B4O, 51, 79, 80.

Table VII B22
ho.1.6 B323
Table VIII B262-3, 266-7
Le1.7 B34, 36
Lhele8 Table IX B96=9
Lh.1.9 B100O
h.1.10 B401~3
hels1d B6Y
Le1,2 Figure 4 B581

Figure 5 B503



SECTION
bho1.2

50101
5sl1e241

5.1.202

5¢1s243
5ele2elt

5s1e245
5.152.6

5e2.1

5262

5e23

5+2.4

Figure 6
Flgure 7
Figure 8

Table X
Table XI

Table XII

Table XV

Figure 12

Figure 1

FPigure 14

Pigure 15
Figure 16

Figure 1
Figure 1

Figure 19

Figure 20
Flgure 21
Figure 22
Figure 2
Figure 2
Flgure 25
Figure 26
Figure 27
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EXPERIMENT

Bé6h
B501
9L

Various experiments

As shown in Table
Ag shown in Table

B 79. 88, 397. 599,
5 1, 506 611, 214,

630 631.
B398
B76, 379-81
Bé12, 616, 617

B142-5
B535, 537, 538

B4YGN, 470, 474, 477,
479, u486.

B113

B57
B20

B566
8367

B78
B124
B133

5569
570
B621
B61

B62

B618
B620
B632



SECTION

56245

5.3

5.4

545

6ela2

Figure 28
Figure 29

Table XVI
Table XVII

Tables XVIII-XXI
Figures 30, 31
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EXPERIMENT

B346
Bi17

Bs28
B519

B623-7

B134

B28, 61, 120
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Studies on the plasma protein

binding of radioactive vitamin B:.
I. Factors influencing in vitro binding

R. W. BEAL* Camperdown, New South Wales, Australia

The present study has been designed to evaluate the wariable factors in the dialysis
method of measuring the binding of radioactive vitamin B, to plasma. The concentration
of the radioactive wvitamin B, added, the duration of dialysis, and the duration of
incubation have been shown to influence the binding of the radioactive vitamin B,, to
plasma. The significance of the precipitate formed dwring dialysis has also been assessed.
Standardization of method with particular reference to the significant variables described
here is suggested, so that results from different series may be compared.

Elevations of the serum vitamin B,, level are common in patients with
chronic myeloid leukemia® ? and are also seen in certain acute leukemias and
myeloproliferative disorders. The possible use of this estimation in differential
diagnosis has been discussed.* Furthermore, the in vitro binding of vitamin B,
to serum or plasma proteins is also greatly increased in chronic myeloid leu-
kemia.* ® The electrophoretic distribution of the bound protein in these patients
is said to be different from normal’® although other authors using different
techniques have not found a difference.t 7

During the initial stages of an investigation of the plasma B,, binding
proteins,® it was necessary to assess some of the variable factors in the method
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used for measurement of in vitro binding of the radioactive vitamin to plasma,
because of the widely differing methods used and conflicting results found in
the literature ¢ o-12

The basic method adopted by most workers for measurement of in vitro
binding of radioactive vitamin B;, to plasma consists of incubation of radio-
active vitamin B,, with plasma or serum, after which dialysis is performed to
remove excess radiovitamin not bound during incubation. It is then assumed
that the radioactivity remaining within the dialysis sacking represents vitamin
B,, which has been bound to the plasma proteins.

The following variable factors in the basic method have been studied :

1. whether plasma and scrum give differing results;

9. the effect of the concentrations of radioactive vitamin By, on the amount
of radioactive vitamin bound;

3. the effect of the temperature of incubation on the amount of radioactive
vitamin bound;

4. the effeet of the duration of incubation on the amount of radioactive
vitamin bound;

5. the influence of the duration of dialysis on the amount bhound;

6. the effect of the temperature at which dialysis was performed on the
amount of radioactive vitamin bound;

7. the effect of varying volumes of dialysis buffer on the binding;

8. the influence of differing buffers upon dialysis, and

9. the significance of the precipitate formed during dialysis.

Materials and methods

The standard technique for this study required the collection of venous blood into a
sterile, Luparinized container and the separation of plasma by ccntrifugation. Cobaltss-labeled
vitamin B,* was then added in known amount, generally with 1 volume of the radiovitamin
mixed with 9 volumes of plasma to give a final concentration of 10 mug per milliliter, except
where otherwise specified. The Cobaltss-vitamin B,, contained 1 pe/1 ug, and was dissolved
in sterile physiologic saline. After incubation at 37° C. for 1 hour unless otherwise indicated,
a known volume of 2 ml to 5 ml (usually 4 ml) labeled plasma was placed in Visking
dialysis sack, and dialysis was performed, usually at 4° C. in a 250 ml. beaker, with mechani-
cal stirring against 150 to 200 ml. buffer. The buffer most commonly used was Tris (tri-
hydroxymethylaminomethane) phosphate buffer, 0.01M, pH 6.5. This huffer was chosen because
the dialyzed plasma obtaincd was thus equilibrated with DEAE columns used for column
chromatography.® Following dialysis with changes of wash for a minimum of 96 hours, as
much of the dialysant as possible was taken from the sac and centrifuged to remove the
precipitate which formed during dialysis.

Aliquots of the original labeled plasma, the dialysant, and each wash, together with
the whole of each precipitate and each sac, were counted in a Nuclear-Chicago well-type
seintillation counter (2 in. sodium iodide erystal) for sufficient time to give an error of less
than 5 per cent in each count. Thus an attempt, not made in other studies, was introduced
to account for all the radioactivity present at the commencement of dialysis. The mean yicld
with this method in a series of 58 dialyses was 97.6 per cent * 4.0 per cent (2 S.D.).

The following variants of this basic method were studied:

1. Plasma and serum binding. Plasma and serum were obtained from blood collected
from the same subject at the same time.

#Obtained from Amersham, England, through the Commonwealth X-ray and Radium
Laboratory, Melbourne, Australia.
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9. Concentration. Aliquots of normal and chronic myeloid leukemic plasma were incubated
with 1 mpug per milliliter, 10 mpug per milliliter, and 100 mpg per milliliter concentrations of
the radioactive vitamin B,,, and dialyzed under identical conditions.

8. Temperature during incubation. Two aliquots of normal plasma were incubated at room
temperature (21° C.) for 2 hours, 6 hours, and 24 hLours, and were then dialyzed under
gimilar conditions for similar lengths of time.

4. Dwration of dialysis. The effect of the duration of dialysis was studied by measuring
the radioactivity present in the wash buffers at each change. In some instances this con-
sisted of measurement of radioactivity at 48 hours and at the end of dialysis, while in
another instance, 6 buffer changes and measurements were made over a 162 hour dialysis.
Aéeptic precautions were obgerved in handling the material uééd in this and the other experi-
ments, and they were conducted at 4° C. to minimize the possibility of baeterial growth.

5. Temperature during dialysis. Aliquots of the same normal labeled plasma were
dialyzed in the cold (4° C.) and at room temperature (20° C.).

6. Volume of dialysis buffer. Two aliquots of the same mnormal labeled plasma were
dialyzed, one in a 250 ml. beaker and the other against running tap water.

7. Effect of differing buffers. Aliquots of the same labeled plasma were dialyzed against
normal saline, Tris phosphate buffer (0.01M, pH 6.5) and tap water, pH 6.75.

Results

Plasma and serum binding. At the 10 mpg per milliliter level, plasma from
a normal subject bound 1.15 mpug per milliliter, while serum from the same
subject bound 1.17 mpg per milliliter. This difference is not significant. Similar
findings have been obtained with other normal subjects and from patients with
chronic myeloid leukemia.

Table I. Effect of differing concentrations of Co%-Bi,

Co58-B,, added Amount bound
(mug/ml.) Per cent bound (mpg/ml.)
Normal
1.0 65.8 0.658
10.0 19.8 1.98
100 10.09 10.09
C.M.L.
10.0 51.7 5.17
100 23.2 23.2

Concentration (Table I). Although the percentage of radioactive vitamin
B., bound to plasma decreases as the concentration added prior to incubation
inereases, the absolute amount bound increases. This applies both to normal
subjects and to patients with chronic myeloid leukemia. At the 1 mpg per
milliliter level, the chronie myeloid leukemic plasma shown in Table T bound
all detectable radioactivity. The results of a series of binding experiments on
myeloid leukemic plasma (Table II) confirm previous workers’ observations
concerning inecreased levels of binding.

Temperature during incubation. No significant difference was observed be-
tween two samples of normal plasma incubated at room temperature (15° C.,
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2.80 mpg per milliliter) and 37° C. (2.67 mug per milliliter), following dialysis
for 99 hours against 0.01 Tris phosphate buffer, pH 6.5 at 4° C.

Duration of incubation (Teble IIT). At room temperature, the amount of
radioactive vitamin B,, bound increases with the duration of ineubation, the
inerease between 2 hours and 24 hours being 47 per cent on the 2 hour figure.

Table II. Binding capacity of myeloid leukemic plasma

Range | Mean Normal range
Number | (mug/ml.) (mug/ml.) (mug/ml.)
Binding at 10 mpug/ml. 12% 3.03- 8.60 5.25 1.07- 3.14
Binding at 100 maug/ml. 5t 15.6 -34.6 21.9 10.07-14.15

*Includes 3 patients with acute myeloid leukemia.
tIncludes 2 patients with acute myeloid leukemia.

Table II1. Effect of duration of incubation on Co°*-B;, binding at 21° C

Normal plasma

Duration (Hr.) Percentage bound | Amount bound (mug/ml.)
2 15.3 2.19
6 18.2 2.86
24 20.5 3.22

Tuble IV, BEffect of duration of dialysis on binding of Co*8-B,,

Per cent of total Per cent of total
radioactivity re- radioactivity re-
Plasma Dusration (Hr.) | moved in 48 hr. moved after 48 hr.
Normal 96 78.2 3.5
C. M. L. 122 48.0 5.9
Normal 144 50.1 7.1
C. M. L. 144 38.2 11.5

Table V. Lffect of prolonged dialysis on binding of Co®-B,, (normal plasma)

Per cent of
Per cent of total radioactivity
Total time radioactivity removed by
Wash (No.) Duration (Hr.) elapsed (Hr.) removed dialysis
ill 18 18 47.4 61.2
2 25 43 17.4 22.5
3 2 64 6.7 8.7
4 48 112 4.3 5.6
5 28 140 1.2 1.6
6 22 162 0.4 0.5
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Duration of dialysis (Tables IV and V). Table IV sets out 4 randomly
selected dialysis experiments, two from normal subjects and two from pa-
tients with myeloid leukemia. These results are typical of the whole scries.
The radioactivity removed after 48 hours of dialysis ranges from 3.5 per cent
to 11.5 per cent of the total initial radioactivity, representing 4.3 per cent
to 23.1 per cent of the radioactivity removed by dialysis. Table V shows the
radioactivity removed at varying periods of a 162 hour dialysis, and again
it is seen that significant radioactivity is removed after the first 48 hours.

From the results of this and other experiments, it is concluded that a 96
hour dialysis will remove 95 per cent or more of the dialyzable vitamin present.

Temperature during dialysis. No difference was observed between the two
samples which were dialyzed at differing temperatures. The aliquot of normal
labeled plasma dialyzed at 4° C. bound 2.75 mpg per milliliter of the radio-
active vitamin B;,, while the aliquot dialyzed at 20° C. bound 2.80 mpug per
milliliter.

Volume of dialysis buffer. The amount of radioactivity removed from an
aliquot of labeled plasma dialyzed in a 250 ml. beaker (64.6 per cent) was
not significantly different from the amount removed by dialysis of an identical
aliquot for the same time (72 hours) against tap water running at approxi-
mately 1 L. per minute (64.0 per cent).

Table VI. Effect of differing buffers on binding of Co®®-By,

C. M. L. plasma

Tris phosphate
Normal saline buffer pH 6.5 Tap water
Buffer | (4) (B) (C)
Per cent of radioactivity in 701 44.8 50.2
dialysant
Per cent of radioactivity in 1.2 18.3 17.7
precipitate
Per cent of radioactivity bound 3.1 5.8 4.4
to sacking
Total radioactivity 74.4 68.9 72.3

Effect of differing buffers (Table VI). The results of this experiment show
that more radioactivity is bound to plasma when dialysis is performed against
normal saline than when it is done against Tris phosphate buffer or tap water.
Tt is also apparent that the preecipitate formed during dialysis against Tris
phosphate buffer and tap water contains more radioactivity than does the
smaller, almost negligible precipitate which forms during dialysis against normal
saline. That this radioactivity is bound to the precipitated protein and is not
due to trapped plasma was shown in the following way: The precipitates B
and C, similar in volume and radioactivity, were broken up and resuspended,
precipitate B in normal saline, and precipitate C in tap water. After further
centrifugation, precipitate B almost completely redissolved, and most of the
radioactivity was in the supernatant. In precipitate C, taken up with tap
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water, more than 90 per cent of the initial radioactivity was present in the
second preecipitate. Totaling the radioactivity of the dialyzed plasma, the pre-
cipitate and the sac in each instance, a similar figure for total hinding was
obtained in these three experiments.

Starch gel electrophoresis of the redissolved precipitate B showed that it
consisted mostly of gamma globulin, with some beta globulin present.

Discussion

In the literature on binding of radioactive vitamin B, to plasma proteins,
the technical procedures used have varied greatly, and this present study was
planned to evaluate the effects of some of the variants.

Differences between serum and plasma. Certain authors® ® ®1° have used
serum, and others® *» 12 have used plasma, with some overlap and variation
within the various studies. No difference has been shown between serum and
plasma binding of radioactive vitamin B;, in this present study.

Concentration effects. It has been shown on a number of oceasions® ° as well
as in the present study that the amount of radioactive vitamin B,, bound to
plasma is related to the concentration of the radiovitamin added prior to
incubation. As the concentration of the radiovitamin inereases, the amount
bound increases, although the percentage bound is less. This increase in bind-
ing does not bear a linear relationship to the increase in concentration.* When
dialyzed plasma is applied to a DEAE column, there does not appear to be
any difference in the distribution of the bound radiovitamin between the pro-
tein fraections in the low concentration (10 mpg per milliliter) and high con-
centration (100 mug per milliliter) experiments,® although differences have
been demonstrated in distribution of bound radioactive vitamin B,. at different
concentrations by precipitation techniques.’®

The recognized increase in binding of radioactive vitamin B,. to plasma
seen in chronic myeloid leukemia* * has again been confirmed in this study.
The inecrease in binding related to increased concentration is also apparent
in plasma from leukemic subjects.

Temperature during incubation. Varying temperatures of incubation, rang-
ing from room temperature® > ° to 30° C.,*2 have been used by other authors.
No significant difference has been observed in this study between the binding
of radioactive vitamin B;, by plasma with ineubation at 15° C. and 37° C.

Duration of incubation. The duration of incubation has been shown to
affect the amount of radioactive vitamin B,, bound to the plasma proteins
and is an important factor affecting the comparison of results from different
gerics. The exact nature of the inereased binding has not been determined.
It may represent increased binding in the same proportions as the hinding
following shorter periods of ineubation, or there could be a differing distribu-
tion throughout the plasma fractions.

Duration of dialysis. It has been shown that the duration of dialysis is a
significant factor in determining the value reported for plasma binding of
radioactive vitamin B,,, since radiovitamin in significant quantities is removed
by dialysis up to 96 hours. Other authors have chosen differing dialysis periods
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from 6° to 72 hours,® and some authors use differing incubation times in dif-
ferent studies.> ' Comparison of these results from one paper to another be-
comes difficult, if not impossible, when it is realized that the samples dialyzed
for shorter periods will have reported higher binding capacities than similar
samples dialyzed for longer periods. It is also apparent from this study that
dialysis for a short period does not necessarily remove a proportional amount
of the total dialyzable vitamin in a designated period of time. Thus, unless
adequate dialysis (i.e., at least 96 hours) has been performed, no two sets
of results are strictly comparable.

The precipitete. Although it has been reported that no difference exists
between dialysis against phosphate buffer and dialysis against water, dextran,
barbital, and saline,® the present study has shown that the precipitate which
forms in dialysis against Tris phosphate buffer and tap water contains sig-
nificant amounts of bound radioactivity. Some authors have noted the presence
of a precipitate in their work,® while others do not mention it.° It is felt that
the preeipitate probably does not represent denaturation of the binding pro-
tein, but the precipitation of high moleecular weight protein molecules (8-and
y-globuling) during dialysis against a solution which is not isotonic.

In another paper,** the bound radioactivity is counted by dissolving the
dialysis sac and its contents in concentrated sulfurie acid. The result reported
as the amount bound to plasma in these experiments will include the amount
bound to the precipitate, as well as the amount bound to the sae, and the read-
ing will therefore be high in comparison with other studies.

A suggested standard system for studying the in vitro binding of radio-
active vitamin Bi, to plasma would therefore involve the dialysis (for a min-
imum of 96 hours) of plasma, incubated with radioactive vitamin B, at 37° C.
for 1 hour, against a selected buffer. At the completion of dialysis, the radio-
activity present in dialysant, precipitate and sae, together with the undialyzed
standard, would then be counted, and the amount of binding calculated as a
percentage and as an absolute amount.
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