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Abstract: 

Half of all long-term (>10 years) Australian Kidney Transplant Recipients (KTR) will 

develop Squamous Cell Carcinoma (SCC) or Solid Organ Cancer (SOC), making cancer the 

leading cause of death with a functioning kidney graft. Immunosuppressive drugs increase the 

risk of cancer but prevent rejection. Finding a balance of immunosuppression may decrease 

cancer incidence without increasing rejection incidence. United Kingdom (UK) KTR with 

cancer have increased Regulatory T cells (Tregs) and decreased Natural Killer (NK) cells 

compared to UK KTR without cancer. However, it is not known if these immune cells and 

their function differ in Australian KTR with SCC or SOC. If so, then these tests will identify 

patients at risk of developing cancer and may benefit from reduction of immunosuppression. 

The presence of Donor Specific Antibodies (DSA) and a positive IFN-γ Enzyme Linked 

Immuno-SPOT (ELISPOT) assay associates with antibody mediated rejection and can predict 

cell mediated rejection episodes, respectively. It is not known if these differ in KTR with 

cancer vs KTR with no cancer. An immune phenotype was analysed in 116 KTR and 

prospectively followed for 3.5 years. The immune function of Tregs and NK cells as well as 

viral, mitogen and allo-responses were measured in 50/116 (43%) of these KTR.  

 

 

 Summary Table of Results No Cancer  Cancer  P-value 

Tregs cells/µl 8 (3, 19) 16 (6, 23) 0.016 

NK cells/µl 107 (34, 195) 74 (43, 188) 0.980 

CFSE 1:4 Treg:Eff. cell ratio, median (Range) 2 (1-7) 9 (3-15) <0.001 

CD154 1:4 Treg:Eff. cell ratio, median (Range) 13 (5-54) 36 (13-73) 0.015 

PBMC (NK cell) Lysis, median (Range) 2 (0-11) 0 (0-5) 0.037 

Donor Specific Antibodies (DSA) 3 (16%) 3 (10%) 0.661 

Mitogen stimulation (PHA), median (Range) 1467(265-2000) 512 (51-1500) 0.002 

Alloresponse (PRT), median (Range) 342 (11-1967) 151 (29-765) 0.008 
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KTR with cancer have different immune phenotype and function compared to KTR with no 

cancer. Memory B cells and CD8 γδ T cells associated with cancer development (Odds Ratio 

(95% C.I.); (1.03[1.00-1.06], p=0.038 and 1.01 [1.00-1.02], p=0.080, respectively). Treg 

numbers associate with SOC (p=0.053), predict SCC that develops (AUC=0.78), and can also 

predict aggressive lesions (AUC=0.86). Treg numbers are dynamic around cancer diagnosis 

(p=0.022) and resection (p<0.001). Australian KTR with cancer have increased non-specific 

Treg function (p<0.05) and decreased NK cell mediated cancer cytolysis (p=0.037), signs of a 

Treg induced/cancer-permissive immune system. Additionally, KTR have decreased IFN-γ 

release under allogeneic (p=0.008) and mitogenic stimulation (p=0.002) and similar levels of 

DSA (p=0.661) than KTR with no cancer.  

 

These data indicate that KTR with cancer who have reduced allo-responses may have the 

potential to have alterations to their immunosuppressive drug levels. This reduction and its 

effects on the immune system can be monitored using the assays described in this thesis. 
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Chapter 1: Introduction 

1. Cancer complications post renal transplantation 

Kidney Transplant Recipients (KTR) have a 3 to 12- fold increased risk of developing Non-

Lymphoid or Solid Organ Cancers (SOC) when compared to the general population 
1-4

. 

Cancers in KTR have poorer prognoses for a given stage/grade than the general population, 

which leads to higher mortality 
5-9

. In Australia, it is observed that 20% of KTR will develop 

SOC within 15 years post transplantation (the median graft survival). Over a 5 year period 

(2007-2011) there were 267 KTR deaths from cancer or 31% of all Australian KTR deaths 

with a functioning graft (ANZDATA 2012 Transplantation report).  

 

Additionally, KTR have a 60 to 250- fold increased risk of developing a Non-Melanoma Skin 

Cancer (NMSC) which includes; Squamous Cell Carcinoma (SCC) and Basal Cell Carcinoma 

(BCC), Karposi’s sarcoma, Merkel cell carcinoma and adnexal tumours 
1, 7, 10

. However, SCC 

is the most common cancer in KTR with half of all KTR who are 15 years post 

transplantation developing a SCC
11

. The disease progression of SCC is much more aggressive 

than the general population and is exemplified by the development of multiple SCC lesions 

and metastatic potential, phenomena that rarely occur in the immune competent
5, 6, 12

.  

 

The cumulative risk of subsequent SCC tumours is 30-32%, 60-62% and 75-80% over 1, 3 

and 5 years after first tumour, respectively 
13

. Compounded, this equates to approximately 

10% of KTR having >5 tumours within 5 years of their first tumour, with some individual 

KTR reaching 40 primary SCC tumours during recipient life
14

. Hence, a single SCC lesion is 

a risk factor for subsequent SCC development with 60-80% of KTR with one or more 

tumours developing another tumour within 1-3 years
15

. Furthermore, SCC tumour 

characteristics are risk factors of metastatic SCC which include: size 
16

, depth 
16, 17

, thickness 

17
, diameter 

18
 and poor differentiation 

17
. Indeed, depth >2.8mm has a three-fold greater risk 

of metastasizing in KTR than the general population
19

.  
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Further evidence of the aggressive nature of tumours in KTR is the invasive potential of SCC 

in KTR, with more perineural and lymphatic invasion than the general population 
20

. 

Additionally, metastatic incidence increases by 5-8% with every SCC tumour accrued in 

KTR
14

 and due to SCC lesions being mainly located in UV exposed areas, e.g. the hands and 

face, there is a possibility of invasion into subcutaneous cranial nerves in the perineural space, 

leading to extensive surgery and perhaps death
21

. Reports observed an incident mortality of 1-

18% 
22, 23,18

 exemplified when after the development of metastatic disease, the median KTR 

survival is only 2 years
24

. Furthermore, it has been observed that a previous SCC is not only a 

risk factor for multiple SCC but even development of SOC and their own incidences of 

metastasis and mortality
11, 13, 19

.  

 

Therefore there are various risk factors and clinical parameters that influence the development 

of post-transplant cancer. The next section will introduce some of these factors and the 

rationale behind why they are factors of risk, if they are measurable and if they can be 

reduced. 

 

1.1 Immunosuppression type  

There are limited and conflicting data on the use of different types of immunosuppression and 

the associated cancer risks. The conflict is due to immunosuppressive drugs having the ability 

to suppress anti-cancer immunity. The immunosuppressive types introduced in this section 

include; Azathioprine (AZA), Mycophenolate (MMF), Calcineurin Inhibitors (CNI), steroids 

and mammalian Target of Rapamycin inhibitors (mTORi). These immunosuppressants are 

rarely used by themselves as mono-therapies and are therefore hard to compare to one 

another; instead modes of action and evidence for cancer development are presented. 
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1.1.1 Azathioprine  

Azathioprine (AZA) is catabolised to 6-mercaptopurine, which directly affects the synthesis 

of purines and has the ability to incorporate into DNA 
25, 26

. Lymphocytes rely heavily on de 

novo purine synthesis making AZA an effective immunosuppressant. AZA was originally 

used as an anti-cancer therapy; however some cancers intrinsically have, or gain, purine 

scavenging and are, or become, resistant to AZA treatment 
27

. When incorporated, the 

metabolite and the DNA form a complex that can block DNA repair, is photosensitive and 

produces reactive oxygen species (ROS) under UV exposure 
25, 27

. These work synergistically 

to affect DNA repair which form lesions 
26, 27

.  One case-controlled study identified that AZA 

increased risk of developing SCC by 5-fold. However, in the same study Calcineurin 

inhibitors (CNI) and steroids were also identified as risk factors 
28

.  

 

1.1.2 Mycophenolate 

Mycophenolate mofetil (MMF) is a pro-drug of mycophenolic acid (MPA), which directly 

affects purine synthesis and is classified as an anti-proliferative drug 
29

. The reaction of MPA 

is reversible and does not interfere with the DNA structure as AZA does 
29

. One study showed 

a decreased photosensitivity when a cohort was randomised onto a MMF from AZA 

suppression regimen 
30

. In another study comparing MMF to AZA usage in Organ Transplant 

Recipients (OTR) showed that the MMF group had a 27% adjusted risk reduction 
31

. 

Conversely, in a 3- group, randomised control trial of 133 KTR. Group 1: 45 KTR had AZA 

treatment, Group 2: 44 KTR randomised to 3g daily of MMF and Group 3: 44 KTR 

randomised to 2g daily of MMF. There were no differences in cancer incidences between all 

three groups 
32

. 

 

 

 



13 
 
 

1.1.3 Calcineurin Inhibitors 

Cyclosporine A (CsA) forms a complex with cyclophilin which inhibits calcineurin, hence 

CsA is a Calcineurin Inhibitor (CNI) 
33

. Calcineurin de-phosphorylates nuclear factor of 

activated T cells (NFAT), which translocates to the nucleus. It is in the nucleus where NFAT 

activates pro-inflammatory cytokines such as IL-2 
34

. Therefore CsA indirectly affects pro-

inflammatory cytokine IL-2 transcription. An isotype of cyclophilin is expressed in the 

mitochondria which releases apoptotic signals under oxidative stress. CsA blocks this signal 

transduction and allows cells to by-pass apoptosis when under oxidative stress, including 

ROS and UV-damage, contributing to carcinogenesis 
35, 36

. Other tumorigenic side effects of 

CsA are direct or in-direct suppression of P53, production of TGF-β and VEGF 
37-39

.  

 

When investigating this in the clinic, a retrospective analysis of 1000 KTR showed that KTR 

on CsA based regimens had greater cumulative incidence of tumours than those on AZA 

based regimens 
40

. In another retrospective study any regimen with CsA had an Odd Ratio of 

approximately 4.5 
41

. Inversely, a CsA based mono-therapy was shown to be less carcinogenic 

than a MMF and Prednisone (Pred) dual-therapy
42, 43

. Another CNI, Tacrolimus (TAC), 

inhibits calcineurin by forming a complex with FK506-binding protein 12 (FKBP12) and 

outcompetes calmodulin therefore still inhibiting IL-2 transcription. Since TAC does not 

target cyclophilin, it avoids all interference with the mitochondria that CsA has. In a 

retrospective study of 609 liver transplant patients, TAC had a higher incidence rate for de 

novo cancers than CsA 
44

. However in most database analyses, TAC-based 

immunosuppressive regimens have either no significant difference or a reduced risk of cancer 

incidence and/or risk over CsA-based immunosuppression regimens 
45-48

. 
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1.1.4 Corticosteroids  

Corticosteroids are mainly utilised for treatment of auto-immunity, inflammatory disorders 

and transplantation rejection. Corticosteroids function by inhibiting transcription of IL-1, IL-

2, IL-6, IFN-γ and TNF-α and transcription factors such as NF-κB 
49-54

. Inhibition of these 

Th1 cytokines promotes a Th2 response, which provides another indirect immunosuppressive 

function 
55

. Corticosteroids induce TGF-β and can increase the incidence of Kaposi’s sarcoma 

cell proliferation 
56, 57

.  

 

1.1.5 mammalian Target Of Rapamycin inhibitors 

Both Sirolimus (SIR) and Everolimus (EVO), like TAC, bind to FKBP12.  However the 

formed complex inhibits mammalian Target of Rapamycin (mTOR) via mTORC 1 subunit 

(Raptor) binding and is considered an mTOR inhibitor (mTORi). mTORi can also be 

classified as anti-proliferative as it induces apoptosis via p53 dependent and independent 

pathways. This and mTORi’s ability to prevent IL-2 signalling cause it to have both anti-

cancer and anti-rejection properties. Additionally, mTORi affects protein synthesis, including 

Vascular endothelial growth factor (VEGF) which inhibits metastatic potential in murine 

models 
58, 59

. SIR has been used to treat patients with Renal Cell Carcinoma (RCC) and EVO 

has been shown to benefit patients with metastatic RCC who do not respond to mainstream 

treatment 
60-62

. Sirolimus Conversion from CNI based regimens, is beneficial in Kaposi 

sarcoma and SCC involution 
63-66

 However it can often lead to increased adverse reactions 

and increases in rejection episodes if performed too early post-transplant 
67, 68

.  
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1.1.6 Anti-Thymocyte Globulin (ATG) induction therapy  

Anti-Thymocyte Globulin (ATG) therapy is either horse- or rabbit- derived antibodies 

directed against human T cells, given as an induction therapy to transplant recipients. The T 

cells that reconstitute have a regulatory phenotype and return much faster than other T cells
69

. 

There is an association with prolonged CD4 lymphopenia and ATG as well as CD4 

lymphopenia and cancer
70

.  

 

Despite the various functions of immunosuppressive types each playing a role with cancer in 

KTR, overall immunosuppressive load or immunosuppressive dose can also have detrimental 

effects and promote cancer development.  

 

1.2 Immunosuppression dose  

There is an association between immunosuppression dose and cancer incidence. KTR have 3- 

fold increased cancer risk compared to dialysis patients, in a retrospective registry based 

study
71

. Furthermore, heart transplant patients have higher levels of immunosuppression than 

KTR and also have corresponding increases in 5 year incidence of cancer (100% compared to 

88%, respectively
14

). Additionally, KTR randomised to a low dose cyclosporine A (CsA) base 

regimen had reduced incidence of cancer following reduction, with the caveat that they had 

higher rejection rates
72

.  

 

1.3 Immunosuppression duration  

Maintained immunosuppression increases the risk of cancer over time which is evident in the 

steady increase in KTR that accrue cancer in the years post-transplant. Australian KTR SCC 

incidence is 20%, 50% and 80% at 5, 15 and 30 years post transplantation respectively
11, 73

. 

Included in the duration of immunosuppression would be the age and aging of the KTR.  
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1.4 Age and Gender 

Age is a risk factor of cancer development, independent of immunosuppression duration 
74

. 

This is exemplified in a retrospective study that showed both age and male gender were risk 

factors 
41

. When comparing KTR to the general population in an aged matched cohort of 

median age 39 years old, there was a 12- fold increased risk of developing non-skin cancers 
4
. 

Age and gender can influence other parameters of cancer risk. This is particularly the case in 

Australia were certain, culturally male-orientated, jobs may involve higher exposure to Ultra 

violet (UV) radiation.  

 

1.5 Ultra-violet radiation 

It is evident that UV exposure increases the risk of skin cancer, including NMSC, by the 

observations recorded by clinicians of the locations of tumours. Cumulative sun exposure, 

including outdoor occupation, latitudinal residence and even childhood burning events all 

increase risk of post-transplantation cancer development 
75-77

. These increases in 

carcinogenesis are due, in part, to the aforementioned AZA-UV interactions but mainly occur 

via direct UV-related mutagenesis. Due to the structure of DNA, it absorbs of UV-A (315-

400nm) and UV-B light (280-315nm), in doing so the DNA itself forms cyclobutane 

pyrimidine dimers in two adjacent pyrimidines of the same DNA strand, which alters the 

structure of DNA and restricts transcription 
78, 79

. A single point mutation can lead 

transcriptional arrest 
79

.  A study found that invasive SCC contained mutations of the tumour 

suppressor gene P53 
80

. An important conclusion from this study is that P53 mutation could 

have happened in childhood, as most UV exposure happens in childhood 
81

.  

 

In addition to direct DNA mutagenesis, UV exposure can also have local and systemic effects 

on the immune system. It is thought that the local effect involves APC’s, including resident 

keratinocytes and Langerhans cells
82, 83

 whereas the systemic immunosuppression may come 
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from splenic cells, migrated Langerhans cells or dendritic cells. Increased expression of IL-4, 

IL-10, Prostaglandin E2, IL-1α and TNF-α with polarisation of immunity to a Th2 response 

also plays a role in systemic immunosuppression
83-85

. In combination with this, co-stimulation 

is effected on both APC and T cells
86

. Other cell types that are affected by UV irradiation are 

innate immune cells and suppressor cells
87-91

. Regulatory T cells (Tregs) that are induced by 

UV express lymph node homing molecule CD62L and may provide systemic 

immunosuppression
87, 88

.  

 

The DNA damage and immune suppression of UV can be reversed by IL-12 dependent 

induction of nucleotide excision repair (NER) protein
92

. Also immunity can be restored by the 

administration of IL-12 
93

, activating APC’s, increasing IFN-γ and thus balancing Th1-Th2 

polarisation 
93, 94

.  

 

Other clinical parameters associated with cancer risk that are also orientated by human 

behaviour, apart from UV exposure, are communicable diseases such as oncogenic viral 

infections that remain latent in the immune competent.  

 

1.6 Viral infection 

Human papillomavirus (HPV) is a group of more than 150 viruses with some types 

associating with anogenital, oropharyngeal and skin cancers 
95, 96

. It has been speculated that 

HPV infection may prevent UV light-induced apoptosis 
97

. Between 65 and 90% of SCC 

lesions from transplant recipients are positive for HPV DNA 
98

. Epstein Barr virus (EBV) is 

associated with: sino-nasal angiocentric T-cell lymphoma, Hodgkin lymphoma and 

nasopharyngeal carcinoma 
95

. There are data that EBV associates with mononucleosis, Burkitt 

lymphoma and post-transplant lymphoproliferative disorder (PTLD) in KTR 
99, 100

.  
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Chronic Cytomegalovirus virus (CMV) infection associates with graft rejection, but with 

malignancy however it does have indirect associations 
99

. A prospective study followed 63 

KTR and retrospectively included 131 KTR, with convincing data that CMV positive KTR 

with increased γδ T cell proportions, the Vδ2
neg

 sub-population in particular, had decreased 

cancer incidence 
101

. Couzi et. al. furthered this observation in a case-control study of a small 

number (n=18) of short-term KTR (median 3 years post Tx), who developed 12 skin and 6 

solid tumours over the prospective period 
101

. 

 

1.7 Immune phenotyping 

The association with cellular markers and cancer has been previously studied. The 

identification of immune cell populations and sub-populations in patient blood is called 

immune phenotyping. Measurement of CD4 T cells in 150 KTR revealed that KTR with skin 

cancer had 330 CD4
+
 cells/μl of blood in comparison to KTR with no cancer who had 565 

CD4
+
 cells/μl (p<0.01). Additionally KTR with cancer had non-significant increases in CD8 

and CD19 lymphocytes 
102

. Another study involving 250 KTR over a 10 year period showed a 

mean of CD4
+
 lymphocytes of <600 CD4

+
 T cells/µl for those with cancer and >700 CD4

+
 T 

cells/µl for those with no cancer, however there was no useful threshold found using Receiver 

Operator Characteristics  (ROC) curve analysis
103

.  Immune phenotype is more pronounced in 

KTR who develop non-skin cancer compared to KTR who didn’t develop cancer; CD4 count: 

234 cells/µl Vs. 543 cells/µl, p<0.001; CD8: 328 cells/µl Vs. 640 cells/µl p=0.1; CD19: 19 

cells/µl Vs. 52 cells/µl, p<0.001 
104

.  All these studies showed an association with CD4 

lymphopenia and cancer. However they did not define CD4
+
 subsets or other lymphocytes 

that may be affected by cancer.  
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1.7.1 Regulatory T cells (Tregs) 

Immune suppressor cell existence has been debated from the early 1970’s through to the mid 

1990’s 
105-108

. The pivotal paper adoptively transferred CD4
+
CD25

+
 T cells in CD25 depleted 

mice, which mitigated the autoimmune diseases that manifested 
108

. However, CD25 is also 

expressed on activated lymphocytes with only the highest proportion being suppressive in 

vitro via competitive absorption of IL-2 
108-111

. The discovery and transfection of the 

transcription factor foxp3 into naïve T cells helped identify FOXP3 and its function as the 

master regulatory gene 
112, 113

 and CD127 inversed expression to FOXP3 expression has given 

Tregs the current phenotype CD4
+
FOXP3

+
CD25

hi
CD127

lo
 
110

.  

 

Tregs are required in a healthy immune system to maintain self-tolerance and immune 

homoeostasis during immune reactions, pregnancy and disease. Uncontrolled immune 

reactions and organ failure result when mutations in FOXP3 occur, as observed in the scurfy 

mouse models and similarly Immunodysregulation, Polyendocrinopathy, enteropathy, and X-

linked (IPEX) syndrome observed in humans 
114-116

. Both IPEX and X-linked Autoimmunity-

Allergic Dysregulation (XLAAD) syndrome cause multi-organ failure due to mass 

lymphocyte proliferation of self-reactive effector cells 
115

. There are many subsets of CD4
+
 

Tregs. 

 

1.7.2 CD4
+
 Treg subsets  

The CD4
+
 Treg in the periphery, defined by FOXP3

+
CD25

hi
CD127

lo
, contain two subsets: 

those that originate from the thymus, known as natural Tregs (nTregs), and those that are 

induced in the periphery, known as induced Tregs (iTregs) 
117

. The Ikaros family transcription 

factor, Helios, is expressed in 100% of all CD4
+
FOXP3

+
 thymocytes of mice and 

approximately 70% of Tregs in the periphery of both mice and humans 
118

. Though the 

premise that Helios only defines nTreg is currently under debate, nonetheless, it may provide 
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evidence of in vivo activated Tregs 
101, 119

. Other regulatory cells are CD4
+
 helpers that have 

suppressive function. These CD4 helper subsets are classified by the ability to secrete IL-10 

(Tr1) and TGF-β (Th3), these Tregs are CD4
+
CD25

+
 but do not express FOXP3. While these 

subtypes of Tregs are important the CD4
+
CD25

+
Foxp3

+
 Tregs are the main focus for 

transplantation tolerance and the main focus of this thesis. However, Tregs and their modes of 

actions and various roles in immunological settings are discussed below. 

 

1.7.2.1 Treg modes of Action 

Treg cell contact apoptosis requires interaction with co-stimulatory molecule Cytotoxic T cell 

Late Antigen-4 (CTLA-4), Fas-R/Fas-L (CD95/CD95L) Ligand and release of Perforin and 

Granzyme B
120-122

. Indirectly, Tregs can down-regulate B7 Co-stimulation molecules 

CD80/CD86 on Antigen Presenting Cells (APC, 
123

). In addition, Prostaglandin E2 (PGE2) 

excreted by Tregs, mediates expression of indoleamine 2,3-dioxygenase (IDO) in APCs 

causing tryptophan starvation and leading to impaired lymphocyte proliferation 
124

. Another 

form of suppression is the formation of localised adenosine by cleaving phosphate groups 

from ATP, ADP and AMP by ecto-NTPDase-1 (CD39) and ecto-5'-nucleotidase (CD73) cell 

surface enzymes 
125

. Expression of CD39 and CD73 has been shown on murine and human 

Tregs 
125

. Human Tregs also may work in concert with other CD73 expressing cells to elicit a 

regulatory response. Adenosine has been shown to act via Adenosine receptors (A1, A2a, A2b 

and/or A3), with A2a receptor being the dominate receptor on effector cells 
126, 127

. The 

adenosine formed by the hydrolysis of ATP can regulate lymphocyte proliferation in 

autoimmune disease, transplantation and cancers 
128-130

. Additionally, it has been shown that 

adenosine and PGE2 in Tregs co-operate when regulating immune responses
129

.  
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1.7.3 Tregs in viral infections 

EBV antigen specific Tregs, mainly IL-10 secreting Tr1 and recruited nTregs, can inhibit the 

EPV-specific immunity permissive in tumour progression 
100, 131

. Thus reduction in Tregs may 

be beneficial in treatment of chronic viruses. Interestingly, Treg depletion in a Herpes 

Simplex Virus (HSV) mouse model decreased paralysis onset, indicating that Tregs may be 

involved in protective immunity to HSV infection in mice at least, similarly observed in 

Lymphocytic Choriomenigitis virus mouse model, shown in the same study 
132

.  

 

1.7.4 Tregs and Transplantation  

When isolated CD4
+
CD25

-
 cells were administered to BLAB/c nu/nu mice grafted with 

C57BL/6 skin, there was a swifter rejection rate than administering untouched lymphocytes of 

the same source
108

. This indicated to the authors that there was a suppressor subpopulation 

within lymphocytes that limited rejection and therefore play a role in tolerance. This adoptive 

transfer paper has led to research directed at utilising Tregs for anti-rejection therapies. More 

recently there have been studies identifying/expanding Tregs that have greater antigen 

reactivity than polyclonal Tregs
133

, however all Tregs seem to have a baseline level of 

allogenic suppression that is not specific to the stimulus, this non-specificity could provide the 

means of tumour escape, a topic for further research to be undertaken in.  

 

In KTR, peripheral blood Tregs can differ in accordance with the situation of the patient. Two 

different studies on clinically tolerant, chronic rejection, stable, minimally suppressed KTR 

and healthy controls, showed tolerant KTR and minimally suppressed KTR had similar 

CD4
+
CD25

+
FOXP3

+
 and CD4

+
CD25

hi
 cells with similar FOXP3 transcription levels when 

compared to the healthy controls
134, 135

 and that chronically rejecting KTR had lower 

CD4
+
CD25

hi
 cells with low FOXP3 transcripts, indicating that Tregs may be protective or 

involved with tolerance 
134, 135

. An additional study supported this in liver transplant recipients 
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which showed increased FOXP3 mRNA expression in CD4
+
CD25

hi
 T cells of tolerant 

patients compared to patients who had rejection episodes after cessation of 

immunosuppression 
136

. Thus induction of Tregs for suppression of allograft cellular rejection 

episodes 
137

 and possible induction of tolerance
138

 seems like an attractive substitute to 

immunosuppression. However, Tregs that co-express CD25 and CD39 have been denoted as a 

memory subtype of Treg (mTreg) and are associated with cellular rejection 
139

 in KTR. 

Additionally, increases in Tregs are also associated with cancer in the general population 
140

 

and KTR
141

. 

 

1.7.5 Tregs in Cancer and Immune surveillance  

It has been shown that the percentage of CD4
+
CD25

high
FOXP3

+
 Tregs and Tr1 cells are 

increased in Head and Neck Squamous Cell Carcinoma (HNSCC) patients in comparison to 

healthy controls 
142, 143

. Ectonucleotidase activity contributed by CD39 and CD73 is also 

increased on Tregs in this cohort 
129

. CD39 has been shown to down-regulate IL-17 

production, decreasing Th-17 cell linage. This particular Treg subtype, in the same study, has 

been shown to be down-regulated in autoimmune Multiple Sclerosis 
128

. It has been shown 

that high levels of Treg in HNSCC patients from the general population associate with a poor 

prognosis 
144-146

.  

 

Cancers and Tregs not only have commonalities between each other but they also promote 

each other. TGF-β and IL-10 secretions from tumours activate Th3 and Tr1 regulatory cells 

respectively, consequently regulating surrounding cancer cytotoxic lymphocytes 
143

. Also 

tumour cells recruit Tregs with a series of chemokines such as C-X-C Ligand 12 (CXCL-12) 

and C-C motif 20 and 22 (CCL20/22) 
100

. CD39 and CD73 have been shown to be expressed 

on Tr1 and tumour cells alike 
125, 147

. Cancer progresses by the tumours’ ability to secrete 

these soluble factors into its microenvironment. Prostaglandin E2 (PGE2) is a product of 
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Cyclooxygenase 2 (COX-2) and is involved in aiding immune escape. COX-2 is expressed on 

Tr1 and over-expressed on cancer cells 
143, 148, 149

. In a post-transplant cancer setting, it has 

been shown >35 Tregs (CD4
+
FOXP3

+
CD25

hi
CD127

lo
)/µl of blood in KTR with a history of 

SCC can predict the risk of developing a subsequent SCC lesion
141

.  

 

1.7.6 NK cells in Cancer and Immune surveillance 

Carroll et. al. also found that Natural Killer (NK) cells, which have cytolytic ability to kill 

cancerous and pre-cancerous cells, are decreased in KTR with cancer. NK cells are a part of 

the innate immune system that identify abnormal cells and supply the signals to undergo 

apoptosis thus “killing” abnormal cells 
150

.  

 

The identification process involves Major Histo-incompatibility Complex (MHC) class I 

down regulation, which some viruses and cancerous cells adopted to avoid the adaptive 

immune system 
151

. It is an important step in enabling metastatic cells to successfully invade 

the host 
152

. Once the cell has been identified, the NK cell only activates if there is an 

imbalance of CD94:NKG2A and the killer-cell immunoglobulin-like receptors (KIR) family. 

Once activated internal granules locate to the synapse that is created between the NK cell and 

target cell 
150

.  

 

During the effector stage the granules are released out of the NK cell and into the synapse and 

onto the target cell. These proteins include perforin, granzyme A and B. It is these proteins 

that play their role in the killer phase of NK cells 
153

. Perforin creates pores in the membrane 

that granzyme B can enter and activate the caspase kinase pathway and cause the target cell to 

undergo apoptosis 
153

. This cytotoxic ability to kill cancer cells can be inhibited by Tregs but 

also cancer cells themselves 
154, 155

. This NK-Treg interaction is a TGF-β and cell-cell contact 

mechanism causing down-regulation of NKG2D and induction of apoptosis
156, 157

.   



24 
 
 

This leads to decreased NK cell numbers and function in the peripheral blood of cancer 

patients that have elevated TGF-β 
158, 159

. There are two other types of NK cells: those that 

express CD1-d restricted T cell receptor, NK T cells (NKT) and those that lack Fc receptor 

CD16 and over express CD56, CD56
bright

 NK cells 
160-162

. Both these cells can interact with 

the adaptive immune system and enhance anti-tumour ability by direct and indirect 

mechanism respectively 
160, 162

. 

 

 1.7.7 CD8 Subsets in Cancer and Immune surveillance 

Another cell type with anti-tumour properties is the CD8
+
 cytotoxic T lymphocyte (CTL). 

CTLs use the ability to lyse tumour cells using Fas-Fas ligand as well as perforin-IFN-γ 

granules similar to NK cells 
163

. It has been shown that antigen specific CTL are defective in 

cancer patients and that removal of Tregs can restore cytolytic function 
164-166

. Continuously 

stimulated CD4 and CD8 T cells follow a specific protein expression- and immunogenic 

potential- pathway to immune senescence. After T cells exit the thymus they are naïve and 

express both CD27 and CD28 co-stimulation molecules and home to the lymphoid organs 
167, 

168
. When antigen is presented they become CTL, proliferate, clear the threat, and the majority 

apoptose with the minority homing to lymphoid organs as central memory T cells or extra-

lymphoid sites as effector memory T cells 
167, 168

. Upon subsequent exposures the cells 

become exhausted and lose expression of co-stimulation molecules and are termed T effector 

memory CD45RA
+
 or TEMRA cells 

167, 169
. These cells are loosely phenotyped as 

CD8
+
CD28

- 
and shown to be regulatory in cancer patients and may associate with poor 

prognosis 
170

. Tumours and CMV infection induce loss of CD28 
170, 171,172

, perhaps as a sign 

of constant immune stimulation. It has been shown that Memory T cells and Natural Killer 

(NK) cells have anti-tumorigenic properties and that Tregs regulate both of these lymphocyte 

subsets 
156, 173

. Thus, an excess of Tregs is associated with poor prognosis in cancer and is 

thought to aid cancer cells evade this immune surveillance.  
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1.8 Treatment options for KTR with cancer 

As mentioned immunosuppression dose is a risk factor of cancer. As a form of primary cancer 

prevention, a reduced exposure to maintenance therapy may be beneficial. A randomised 

control trial comparing CNI doses showed a benefit of low dose CNI in a reduction in cancer 

incidence, although there was an association with increased rejection rates 
72

.  

 

A form of secondary prevention can consist of converting a CNI based regimen to an mTORi 

based regimen
174, 175

.  It has been shown that mTORi can selectively expand Tregs in vitro 

and reduce IL-2 signalling and VEGF, which has the potential to treat cancer patients 
176

. 

Upon conversion, the amount of regulatory T cells increased in around 30% of patients and 

these patients still accrued cancer and thus may not benefit from mTORi conversion 
177-179

. 

However, 30% of SRL patients do not tolerate its side effects and sudden SRL switching can 

cause proteinuria
180

.  

 

When KTR have a cancerous lesion, surgical resection is the recommended treatment. There 

are no randomised control trials investigating the effect of tumour resection and minimal 

evidence of benefit in KTR when reducing immunosuppression. However, treatment in the 

general population is associated with a decrease in Tregs and failure of Tregs to fall after 

tumour excision or chemotherapy may be associated to incomplete resection or relapse of 

disease
181, 182

. When switching or reducing immunosuppression, adequate precautions must be 

used. Currently there are no assays that reliably determine cancer risk although there is an 

immune phenotype that can predict time to next tumour in KTR with a history of SCC 
141

. 

CNI avoidance or reduction results in increases of rejection; one way to potentially avoid 

these rejection episodes is to identify those KTR with cancer who have evidence of a potential 

alloresponse and exclude them from dose reduction. In order to reduce immunosuppression 

safely, both the cellular and humoral alloresponses need to be assessed.  
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1.8.1 Pre-treatment alloresponse measures  

Assessment of alloresponses would be needed to assess risk of rejection episodes for it to be 

possible to reduce immunosuppression. Currently cytokines and HLA antibodies can be 

measured by Enzyme Linked Immuno SPOT (ELISPOT) and Luminex technologies 

respectively 
183, 184

. Inflammatory cytokines such as IFN-γ are secreted by Th1 effector T cells 

and are a predictor of acute rejection and infection 
185, 186

. Additionally this assay has been 

used to run CNI avoidance maintenance therapy with a 3-fold reduction in acute rejection as 

shown in literature 
187

. The humoral aspect of the immune system is already routinely 

assessed in most transplant programmes by solid phase alloantibody detection systems 
188

. 

HLA Donor-Specific Antibodies (DSA) are clinically relevant and observed DSA presence 

has informed clinicians to alter immunosuppression regimen of patients 
189, 190

. However, both 

these techniques have not used in long-term KTR with a history of cancer. 

 

A National Institute of Health (NIH) funded, Clinical Trials in Organ Transplant (CTOT) 

consortium approved, IFN-γ ELISPOT has been able to detect 6-month post-transplant acute 

rejection, from pre-transplant patients
191, 192

. Another CTOT entitled “CTOT09: Immune 

Monitoring and CNI Withdrawal in Low Risk Recipients of Kidney Transplantation” has a 

primary directive of using this ELISPOT in detecting those who can safely have a reduction 

of TAC while monitoring graft function. This indicates an assay robust enough to be used in 

clinical trials that has the potential to be used as a tool to guide immunosuppression regimens. 

 

1.9 Summary, Aims and Hypotheses  

KTR have increased risk of developing cancer. This is mainly due to age, gender, UV 

exposure, immunosuppressive drugs and immune phenotype. The impact of these associations 

on immune cell function has not been studied. A non-invasive method of identifying patients 

at risk of developing cancer may allow time for intervention therapy. 
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1.9.1 Aims: 

1) To define if a United Kingdom- based, pre-existing immune phenotype is predictive of 

cancer in an Australian cohort where: UV exposures, immunosuppression regimens 

and SCC accrual differ. 

2) To identify if this immune phenotype has the potential to identify patients at risk of 

developing “high risk” cancers and if the immune phenotype is dynamic around 

tumour resection 

3) To investigate the functional ability of both Tregs and NK cells from KTR with cancer 

compared to KTR with no cancer 

4) To measure both the humoral and cellular allo-responses of KTR and compare them to 

KTR with no cancer 

 

1.9.2 Hypotheses:  

1) The immune phenotype: higher numbers and proportions of Tregs and lower numbers 

and proportions of NK cells in KTR with cancer when compared to KTR with no 

cancer, will be consistent in Australian KTR. 

2) This immune phenotype will associate with KTR with cancer regardless of tumour 

type and will be altered by cancer resection. i.e. Tregs will decrease and NK cells will 

increase.  

3) Tregs from KTR with cancer will be more suppressive that those from KTR with no 

cancer and NK cells from KTR with cancer will be dysfunctional in comparison to 

those KTR with no cancer. 

4) KTR with cancer will have no or lower allo-response when compared to KTR with no 

cancer. 
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Chapter 2: Patients, Materials and Methods  

Approval was obtained from the Royal Adelaide Hospital Research Ethics Committee 

(protocol number 090505a) and the study was performed in accordance with Strengthening 

the Reporting of Observational Studies and Epidemiology (STROBE) guidelines for 

observational studies
193

. 

 

2.1 Patient recruitment 

Kidney transplant recipients who presented to their routine clinic visits from June 2009 to 

August 2013 at the Central Northern Adelaide Renal and Transplantation Service (CNARTS, 

Royal Adelaide Hospital) who were at least 2 year post-transplant and who gave informed 

consent, were immune phenotyped (n=116). The cohort consists of KTR with current cancer 

(n=34) and KTR with a history of cancer (n=31), for a total KTR cancer cohort (n=65), also 

KTR without any history of cancer (n=51). Cancer categorisation was accessed through both 

the local hospital database as well as the Australian and New Zealand renal dialysis and 

transplant database (ANZDATA) as SCC is sometimes not reported in the general 

government database. Patient case-notes were used to identify multi-transplanted patients, and 

determine the type, dose and duration of immunosuppression, as well as length of transplant. 

For the purposes of this thesis, duration of immunosuppression is cumulative duration and 

includes multiple periods of time and pre-transplant exposure.  

 

2.2 Blood Collection and sample handling  

Peripheral blood by venesection was collected in Lithium-Heparin or EDTA vacuum tubes 

from KTR during trough levels of Calcineurin inhibitors (CNI) or mTORi, and processed 

within 2 hours of venesection, as previously published
141

. Blood plasma was separated by 

centrifugation. One of the 4ml EDTA tubes was balanced and centrifuged at 2500g for 

10minutes with no brake. 100µl of plasma in 20µl aliquots were taken and stored at -80
o
C. 
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Healthy control and KTR PBMC were separated by standard Lymphoprep
TM 

(Sweden) 

centrifugation techniques, and re-suspended in either or Phosphate-Buffered Saline (PBS) 

supplemented with 2% Foetal Calf Serum (FCS) and 1mM EDTA as a cell separation media 

or RPMI 1640 medium (Invitrogen
TM

, USA) supplemented with 10% FCS, 1mM L-glutamine 

and 1mM Penicillin/Gentamycin as a culture media. A total of 80ml of blood was collected on 

two separate occasions (40ml each time), the first for PBMC isolation, cryopreservation and 

subsequent assays, the second 40ml was used for Treg functional assays. 

 

2.2.1 Cyropreservation 

Prior to Cyropreservation the cells were centrifuged at 500g for 5 minutes and resuspended in 

1ml PBS. Then, 10µl of cells was mixed with 10µl 0.4% Trypan Blue and counted on a 

haemocytometer. Cells were stored at 10 million per ml or 1 ml only if lower than 10 million 

cells were recovered. The freeze media consists of two parts; the initial media the cells were 

resuspended in after centrifugation was 40% FCS, 60% RPMI, the second par, 20% DMSO 

80% FCS, was added drop-wise, mixed in a 50:50 ratio. The cells were then aliquoted and 

placed in an -1
o
C/min foam container and placed in a -80

o
C freezer overnight. The cyrovials 

of cells were then deposited in liquid nitrogen.   

 

2.2.2 Thawing  

A single 50ml Falcon tube was used per patient with 10ml RPMI 1640 medium 

(Invitrogen
TM

, USA) supplemented with 10% human donor AB- serum (Australian Red Cross 

Blood Service, Adelaide, Australia) in each tube. Benzonase was added at 2µl per 10ml when 

defrosting to remove and DNA or RNA from dead cells. Using a pipette the frozen cells were 

scraped and pipetted into the 50ml Falcon tube. The cyrovial was then rinsed with the media 

and the Falcon tube centrifuged at 330g for 7minutes.  The cells were then re-suspended in 

the desired media and counted as per above haemocytometer protocol. 
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2.3 Immune Phenotyping 

Several cell phenotypes were measured in the recruited KTR. In the T cell compartment; 

Naïve T cells (CD45RA
+
CD62L

+
), T central memory (Tcm, CD45RA

-
CD62L

+
), T effector 

memory (Tem, (CD45RA
-
CD62L

-
) and Tem CD45RA

+
 (TEMRA, CD45RA

+
CD62L

-
) were 

measured in both the CD4 and CD8 T cell subclasses. Additionally, CD8
+
CD27

-
CD28

-
 T 

suppressors were measured; Naive, Tcm, Tem and TEMRA subsets were also analysed in the 

T suppressor subset. In the CD4 compartment; CD45RA
+
CD38

+
 T cells as well as 

CD4
+
FOXP3

+
CD25

hi
CD127

lo
Helios

+/-
, CD4

+
FOXP3

+
CD39

+
CD127

lo
 as well as 

CD4
+
FOXP3

+
CD39

+
CD73

+
 were also measured. In the B cell compartment; Naïve (CD27

-

IgD
+
), class-switched memory (CD27

+
IgD

-
) and IgG expressing B cells were measured. In the 

NK compartment both double positive CD56
+
CD16

+
 as well as CD56

bright
 were measured and 

finally γδ T cells, including CD4 and CD8 subclasses were measured. Collectively these make 

up an individual’s immune phenotype. 

 

2.3.1 Immune Phenotyping: Surface and Intra-Cellular Staining 

Combinations of the following directly conjugated, anti-human antibodies were used. 

Antigen-Fluorochrome (Clone): CD3-FITC (HIT3a), CD3-PECy7 (UCHT1), CD3-APC 

(OKT3), CD3-APC-Alexa Fluor® 780 (UCHT1), CD4-PerCP5.5 (OKT4), CD8-PerCP5.5 

(RPA-T8), CD16-PE (ebioCB16), CD19-APC (HIB19), CD25-APC (BC96), CD27-FITC 

(SK1), CD28-PE (CD28.2), CD45-PerCP (HI30), CD45RA-APC (HI100), CD62L-APC 

AlexaFluor® 780 (DREG-58), CD127-FITC (eBioRDR5), FOXP3-PE (PCH-101) and IgG-

2b-PerCP5.5 (eBMG2b), all purchased from eBioscience, USA. Also, CD8-PE (HIT8a), 

CD19-FITC (SJ25C1), CD56-APC (A159), γδ TCR-PE (B1), IgD-PE (IA-6) and BD 

Tritest
TM 

reagent all from BD Biosciences, USA. Helios-Pacific Blue (22F6) and CD3-Pacific 

Blue (OKT3) were purchased from Biolegend, USA. Whole blood samples (50µl) were 

stained with antibodies for 30 mins in the dark at 4°C. The stained whole blood samples were 
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then fixed and lysed in a TQ-prep automated lysis machine (Beckman Coulter, USA), then 

washed with PBS and re-suspended in 50µL PBS with 100,000 (2000/µl) APC conjugated 

CaliBRITE Beads (BD biosciences, USA) for lymphocyte enumeration.  

 

The 5x10
5
 PBMC were stained with antibodies for 30 mins in the dark at 4°C in 50µL of 

PBS. The samples were then incubated with ammonium sulphate at room temperature (RT) 

for 5-10 mins in the dark to lyse red blood cells. The cells were then washed in PBS and 

pelleted at 300 x g for 5 mins at RT. Fixation and Permeabilisation buffer (eBioscience, USA) 

was added and cells incubated for 2 hrs at 4°C in the dark. The PBMC were washed in 

Permeabilisation buffer and pelleted, blocked with rat serum for 10 mins at RT in the dark. 

The FOXP3 antibodies were added and incubated for 30 mins at 4°C in the dark. The PBMC 

were then washed in Permeabilisation buffer and re-suspended in 50µL PBS. 

 

2.3.2 Immune Phenotyping: Flow Cytometry 

All flow cytometry processing and analysis was performed by laboratory technicians blinded 

to the clinical status of the KTR. Total cell counts were derived by adding a known 

concentration and quantity of enumeration beads (APC-CaliBRITE, BD Bioscience) to the 

lysed and washed whole blood samples prior to analysis by flow cytometry. Leukocytes in 

whole blood were defined on the basis of CD45 positivity and low side-scatter
194

. Gates were 

determined by population clustering where possible, otherwise delineation of negative gates 

was established via standard fluorescence minus one (FMO) controls
140

, Seen in Figure 2.3.2. 

FMO gating was used instead of isotype controls to determine population positivity. This is 

due to isotype controls sometimes over estimating background fluorescence.   
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Figure 2.3.2: Example of Fluorescence Minus One (FMO) Gating: Flow cytometric 

density plots depicting gating FITC Fluorescence Minus One (FMO). Lymphocytes were 

gated on physical properties using Forward and Side Scatter profiles.  

 

2.3.2.1 Immune Phenotyping: Flow Cytometry: Treg Gating with Helios 

Forkhead Box Protein 3 (FOXP3) positivity was set against a negative internal control, 

defined by 0.1% positivity of FOXP3
-
CD8

+
 cells. The CD127 low (CD127

Lo
) threshold was 

defined as the lower 50
th

 centile of CD4
+
 lymphocytes and the CD25 high (CD25

Hi
) threshold 

defined as the 90
th

 centile of the same population, as seen in Figure 2.3.2.1. At least 10,000 

CD3
+
 events were acquired, with at least 200 events in the CD4

+
FOXP3

+
 gate. These Tregs 

were then subjected onto to a population-based gating strategy for Helios positivity to define 

naturally occurring Tregs. Flow cytometry was performed on FACS Aria Cell Sorter or FACS 

Canto II Analyser (BD Biosciences, USA). Compensated data were analysed with FCS 

Express 4 Flow Cytometry analysis software (De Novo Software, USA).  
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Figure 2.3.2.1: Regulatory T cell and Helios Gating Strategy for naturally occurring 

Tregs: Flow cytometric dot and density plots depicting gating hierarchy of gating Helios
+
 

regulatory T cells. Lymphocytes were gated on physical properties using Forward and Side 

Scatter profiles, subsequently gated by low-SCC vs. CD3 and Low-SCC vs. CD4 population 

gating, which enables identification of both CD3
+
 and CD3

+
CD4

+
 T cells. These cells are then 

subjected to the gating strategy shown to identify Treg and nTreg populations.  
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2.3.3 Immune Phenotyping: Statistical Analyses 

Although the immune phenotyping aims, experimental design and processing was carried out 

by myself, the following statistics were performed by Dr Blair Grace PHD, ANZDATA 

statistician from the Royal Adelaide Hospital.  

 

Odds Ratios (OR) were generated using conditional logistic regression modelling to 

determine the strength of the association to cancer. This was run unadjusted and adjusted to 

known confounding factors such as Age, Gender and duration of immunosuppression. 

 

The ability of immune phenotype to correctly identify those that developed cancer, within a 

100 day period, was analysed using receiver operator characteristic (ROC) curves. Kaplan-

Meier SCC-free survival curve and hazard ratios were developed using the trade-off value of 

16 Tregs/µl as a risk stratifier. 

 

In the 49 KTR with a history of SCC, 28 KTR developed a total of 37 SCC.   Of the 37 SCC 

tumours that developed 22 (59%) were high risk SCC (poorly differentiated lesion, >2cm 

diameter with perineural invasion and invading deep structures beyond deep reticular dermis). 

ROC curve analysis was performed to determine the ability of Tregs to associate to this more 

severe SCC lesion.  

 

Logistic regression was performed using STATA 12, as both univariate and multivariate 

analysis, adjusted for age, gender and duration of immunosuppression. KTR with cancer were 

matched for age (± 5yrs), gender and duration of immunosuppression (± 2yrs) and mTORi 

usage to KTR without a previous cancer. All analyses were two tailed tests. Data were 

analysed using Stata 12 IC (StataCorp Texas) and Prism v6.01 (GraphPad Software Inc., 

USA). 



35 
 
 

2.4 Treg Function  

A laboratory standard Treg functional assay as well as a novel, shorter assay was utilised to 

determine isolated Treg bystander (non-antigen specific) function in the recruited KTR. 

 

2.4.1 Healthy CD4
+
CD25

-
 effector T cell isolation 

The naïve effector CD4
+
CD25

-
 T cells were freshly isolated on the day from a single healthy 

donor’s PBMC, using Stem Cell Technologies (USA) separation kits in according to the 

manufactures procedures. An EasySep™ Human CD4
+
 T Cell Enrichment Kit (Cat. #19052) 

was used, keeping the unbound fraction. This was followed with an EasySep™ Human 

CD25
high

 Positive Selection Kit (Cat. #18231) with the unbound CD4
+
CD25

-
 T effector cells 

being washed and resuspended in RPMI 1640 medium (Invitrogen
TM

, USA) supplemented 

with 10% FCS, 1mM L-glutamine and 1mM Penicillin/Gentamycin as a culture media.  

 

2.4.2 Healthy control and KTR CD4
+
CD127

lo
CD25

+
 Treg isolation 

Kidney Transplant Recipient CD4
+
CD127

lo
CD25

+
 cells were freshly isolated by first using an 

EasySep™ Human CD4
+
CD127

low
 T Cell Enrichment Kit (Cat. #19231), keeping the 

unbound T cells. Subsequently an EasySep™ Human CD25
high

 Positive Selection Kit (Cat. 

#18231) was used. Isolated CD4
+
CD127

lo
CD25

+
 Tregs were washed and resuspended in the 

aforementioned culture media. These Tregs were used simultaneously in both the CFSE 

dilution assay as well as the CD154/CD40L Treg suppression assay. 

 

2.4.3 CFSE dilution assay 

Cell division was measured in 10µM CFSE labelled PBMC from the same single healthy 

donor as the CD4+ naïve T cells in the CD154/CD40L assay on the same day. To stain the 

PBMC, 1µl of CFDA-SE (Sigma, USA) was added to 2x10
6
 PBMC in 1ml of PBS, vortexed, 

incubated for 5mins in a 37
o
C, then placed in serum containing media, vortexed, and set aside 

for a further 5mins. The CFSE stained PBMCs were washed and resuspended in the 

aforementioned culture media. The KTR Tregs titrated down by a factor of 2 from 1:1 
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through to 1:32 of Treg:PBMC in 96 well U-bottomed plates. The co-culture was stimulated 

with CD3/CD28 beads at bead to cell ratio (1:8) over a 5 day period. Each test was run in 

triplicate and with negative proliferation control of PBMC alone (inadvertently, 100% 

suppression) and positive proliferation control (negative suppression) of PBMC with beads 

and no Tregs. Total proliferation was measured by quantitating the proportion of cells that 

expressed CFSE in-between these two controls and expressed as a percentage of the positive 

control. A total of 3x10
4 

CD3
+
 events were acquired on a BD FACS Canto II. Compensated 

data was analysed in FCS Express 4 (De Novo Software, USA). Each Treg titration from 

KTR with cancer was compared to KTR with no cancer using Mann-Whitney tests. 

 

2.4.4 Suppression of CD154/CD40L expression assay 

The CD154/CD40L assay was performed as previously described
195

. Healthy control and 

KTR Tregs were co-incubated with CD4
+
CD25

-
 effector T cells from the same healthy donor 

as the PBMC donor from the CFSE dilution assay, run on the same day. The KTR Tregs 

titrated down by a factor of 2 from 1:1 through to 1:32 of Treg:PBMC. The co-culture was 

stimulated in the presence of anti-CD3/CD28 expander beads (Invitrogen
TM

, USA) at a bead 

to cell ratio (1:4) for 8-9h. After the incubation the cells were labelled with CD3-FITC, CD4-

PerCP-Cy5.5 (eBioscience, USA) and CD25-PE-Cy7 (BD Bioscience, USA) antibodies. A 

total of 3x10
4 

CD3
+
 events were acquired on a BD FACS Canto II. The effector gate was set 

on unstimulated CD3
+
CD4

+
CD25

- 
T cells, to exclude Tregs, and used throughout the assay. 

Compensated data was analysed in FCS Express 4 Flow Cytometry analysis software (De 

Novo Software, USA). The CD154 expression was normalised to the stimulated cells, without 

Tregs (100% stimulation), and data is shown as the percentage decrease of that expression. 

Each Treg titration from KTR with cancer was compared to KTR with no cancer using Mann-

Whitney tests. 
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2.5 NK cell Function  

Due to NK cells’ anti-cancer ability and reduction in cell numbers and proportions in cancer 

patients, NK cell function was measured in cancer KTR. This was done in a total cytotoxicity 

assay and a novel measurement of NK cell interaction to the cancer cells.  

 

2.5.1 Lactate dehydrogenase release 

KTR PBMC were thawed as previously described in section 2.2.2, washed and resuspended in 

AIM-V BSA supplemented serum-free media (Invitrogen
TM

, USA). The cells were then 

counted and resuspended at a cell concentration of 3x10
6
/ml PBMC. The PBMC were then 

co-cultured with 1.5x10
4
 (20:1) K562 cells or 100µL media, in triplicate, in a 96 well V-

bottomed plate. The plate was spun at 240g for 4 minutes and incubated for 6 hours. After 5 

hours a lysis solution was added to the maximal lysis wells. After 6 hours, the plate was spun 

at 240g for 4 minutes. Then, 100µl of supernatant was removed and Lactate dehydrogenase 

(LDH) release was measured using a CytoTox 96® Non-Radioactive Cytotoxicity Assay 

(Promega, USA) in accordance with manufacturer’s procedures. The LDH converts a 

colourless solution of Tetrazolium salt to Red formazan which can be quantitated by optical 

density (OD) readings from a photo spectrometer reading at 490nm.The reaction is 

uninhibited and needs to be stopped by increasing acidity (pH) with acetic acid. The OD 

readings are compared relative to the maximal lysis wells and expressed as a percentage of 

cell lysis. When comparing KTR with cancer Vs KTR with no cancer, a Mann-Whitney test 

was used. When comparing KTR with current cancer compared to KTR with past cancer and 

KTR with no cancer, a Kruskal-Wallis test was used. 
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2.5.2 Target Induced NK cell Lysis (TINKL) 

TINKL was measured as previously published. The cells from the plate described in 2.5.1 are 

placed into FACS tubes and stained with 2µL of each of APC-eflour780-CD3, PE-CD16, 

FITC-CD19, PerCP-Cy5.5-CD45, APC-CD56 for 30mins at 4
o
C in the dark. The cells are 

washed of any unbound antibodies. At-least 3x10
4
 total events were acquired from the washed 

cells on BD FACS Canto II. Compensated data was analysed in FCS Express 4 Flow 

Cytometry analysis software (De Novo Software, USA). A ratio of NK cells (CD45
+
CD3

-

CD19
-
CD56

+
CD16

+
) to CD45

+
CD3

+
 T-cells was measured in the co-culture and compared to 

the background wells. The output of the assay is expressed as the percentage loss between 

these two ratios. A Mann-Whitney Test was used to compare KTR with cancer to KTR with 

no cancer and a Kruskal-Wallis Test to compare the KTR groups. 

 

2.6 Cellular immune responses in KTR 

The cellular responses in KTR or pre-transplanted dialysis patients have been shown to be 

predictive of outcomes in terms of graft function and rejection episodes. This section 

describes the methods used to determine cellular responses in the recruited KTR. 

 

2.6.1 Anti-HLA and Anti-DSA antibody measurements (B cell responses) 

The Lifecodes Tepnel Lifecodes Single Antigen 1 (LSA1) and LSA2 screen kits (Immucor, 

USA) were used to determine anti-HLA molecules. An MFI cut-off of 1500 units was used, 

as this has been defined in literature and routinely used in our diagnostic laboratory
188

. A 

Fishers exact test was used to compare KTR with cancer to those with no cancer.  

Both these assays were performed by the Australian Red Cross Blood Service (ARCBS, 

Adelaide, S.A.) and data was collated and reviewed by Dr. William Hanf.   
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2.6.2 B-cell expansion  

Healthy blood donor spenlocytes or PBMC of known haplotype were acquired from ARCBS 

liquid nitrogen storage and thawed as per section 2.2.2. The thawed splenocytes or PBMC 

were then subjected to magnetic bead isolation using an EasySep™ Human B Cell 

Enrichment Kit (Cat. #19054). The isolated B cells were counted and 1 x10
5
 viable B cells 

were co-incubated with a monolayer of 4x10
5
/well of irradiated (43Gy) NIH-3T3-CD154 

murine fibroblasts, in the RPMI 10% FCS. After 3 days of co-culture the B-cells were pooled, 

washed, counted then re-seeded at the starting density and expansion protocol repeated until 

1x10
8
 B cells had propagated. The supernatants from the last culture were tested for EBV 

RNA by PCR, and only those with a negative EBV test were used. Prior to cryopreservation, 

each cell line was tested for expression of MHC-CI and MHC-CII expression by flow 

cytometry. These cells were then cryogenically stored. A total of 4 B cell lines were used, 

shown in Table 2.1 and cover a mean(range) of 4.1 (3-5) of donor HLA antigens for KTR 

with cancer and 3.6 (2-6) for KTR without cancer.  

 

2.6.3 Panel of Reactive T (PRT) cell IFN-gamma ELISPOT 

When there were adequate cell numbers, the KTR responders were run in triplicate against 

AIM-V media, supplemented with BSA (Invitrogen
TM

, USA), for background measurements, 

Cytomegalovirus Epstein Barr virus and Flu peptide pool (CEF, Mabtech, USA) for total viral 

responses, the 4 B cell lines in 2 different pools and Phytohemagglutinin (PHA, Sigma, USA) 

as a positive control. The MLR consisted of 3x10
5
 thawed KTR PBMCs plated on an anti 

IFN-γ antibody (Endogen, USA) coated ELISPOT plate (Millipore, USA) co-incubated with 

the 5x10
4
 B cells each (1x10

5
/well) for 24h.  

 

After which, the plates were washed 3 times with PBS and 3 times with PBSTween20. A 

secondary anti IFN-γ antibody (Endogen, USA) was added and incubated overnight at 4
o
C. 
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This antibody was then washed off in PBSTween20 with 1% BSA and Streptavidin-HRP was 

added for a 4 hour incubation at 4
o
C in foil. The plate was then washed again and the 

colouring reagent BD AEC Substrate Set (Cat.# 551951) added  for 15 minutes. The reaction 

was stopped by running excess water over the plate and leaving it to dry overnight. 

  

The plate was read on an AID ELISPOT reader using AID ELISPOT software (v3.1.1) from 

AID technologies, Germany. The wells then underwent quality control, which involved 

inspection of each well. A total of 6 plates were sent to Mt Sinai School of Medicine for 

reading on a CTL ELISPOT reader using CTL ImmunoCapture v6.4 and analysed in CTL 

ImmunoSpot v5.0, which trained staff then quality controlled by setting sensitivity and 

analysing each well. A further 5 plates were re-read at Flinders Medical Centre in the 

Department of Diabetes and Endocrinology using a CTL reader as well as CTL 

ImmunoCapture v6.4 and analysed in CTL ImmunoSpot v5.0 software. Accumulative data 

was analysed in Prism v6.02 using a Mann-Whitney test to compare the cancer and past 

cancer groups to the no cancer groups in separate analyses. 

 

2.7 Prospective study of immunosuppression dose reductions in 12 KTR 

12 KTR with a history of aggressive SCC, who were DSA negative on testing, were dose 

reduced on clinical grounds. Two had metastatic SCC and the remainder had developed 

lesions at high risk of metastasising. All 12 KTR were intolerant of mTORi conversion. The 

drug doses of the patients before and after reductions are listed in Table 2.7. Although the 

dose reductions are not statistically significant the maximal dose fell for all drugs. 

Additionally, 6 of the twelve KTR also stopped one or more drugs within their regimens.  
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Table 2.7:  Drug and renal parameters after immune suppression dose reduction post 

diagnosis of aggressive or metastatic SCC skin.  

 Before dose reduction After dose reduction P value 

Prednisolone, mg/d (range) 5 (0-10) 5 (0-7.5) 0.202 

MMF, mg/d (range) 1250 (0-2000) 1000 (0-1500) 0.135 

AZA, mg/d (range) 37.5 (25-75) 25 (25-50) 0.345 

Tacrolimus trough, (range) 5 (4-8) 0(0-4) 0.500 

Cyclosporin trough, (range) 286 (120-680) 105 (0-349) 0.125 

eGFR ml/min/1.73m2 (range) 68 (24-89) 54 (31-89) 0.859 

Creatinine µmol/l (range) 97 (70-244) 127 (78-197) 0.474 
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Chapter 3: Patient demographics and clinical characteristics 

3.1 Introduction 

When studying a heterogeneous group of patients it is important to identify all physiological, 

demographical and clinical characteristics that may impact the interpretation of the results. 

With the aim of investigating the effects cancer has on Kidney Transplant Recipients (KTR) it 

has been established that age, gender and immunosuppression can influence cancer 

acquisition and development.  

 

This chapter introduces the cumulative cohort of KTR that were enrolled in the prospective 

study during June 2009 till August 2013, who form the basis of analysis in subsequent 

chapters. 

 

3.1.1 Chapter aims 

1) To describe the cancer status of the enrolled kidney transplant recipients and various 

sub-cohorts that will be subsequently analysed. 

2) To identify if age, gender, induction therapy and causal nephropathy associate with 

cancer in the study cohort 

3) To investigate if immunosuppressive drug type, duration, dose or measured serum 

levels associate with the cancer group. 

 

3.1.2 Chapter hypotheses 

1) Age, male gender, induction therapy will associate with cancer in our cohort. 

2) Immunosuppression drug type, dose and duration will associate with cancer.  
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3.2 Patient selection 

The total cohort consisted of 200 KTR, however there were 11 who were undergoing 

rejection and 33 who had presented with active infection. These patients were split into their 

own sub-cohort and analysed in only some of the subsequent analyses, as there was a 

limitation in the blood taken. They are depicted in Table 3.2. 

 

Table 3.2.1 Entire cohort (n=200) patient demographics 

 
  Rejection Current cancer Past cancer Infection No Cancer p-value 

N numbers 11 35 34 33 87 

 Age* 42 (27-68) 63 (38-75) 63 (44-78) 58 (37-74) 54 (20-77) <0.001 

Male gender, N (%) 7 (64%) 26 (74%) 21 (62%) 18 (55%) 52 (60%) 0.520 

Immunosuppression* 1 (0-12) 9 (0-41) 11 (0-39) 3 (0-32) 3 (0-29) 0.014 

Drug regimen, N (%) 

      Azathioprine 1 (9) 6 (17) 6 (18) 3 (9) 8 (9) 0.560 

Mycophenolate 9 (82) 22 (63) 22 (67) 28 (88) 72 (83) 0.044 

Calcineurin inhibitors 9 (82) 17 (49) 16 (33) 22 (67) 46 (53) 0.157 

mTORi 1 (9) 9 (26) 7 (21) 1 (3) 14 (16) 0.111 

Prednisolone 11 (100) 30 (86) 28 (85) 28 (88) 70 (80) 0.565 

Drug dose† 

      Azathioprine 50 50 (13 - 75) 25 (25 - 50) 75 (25 - 75) 100 (75 - 100) 0.044 

Mycophenolate (g) 2 (2, 2) 1 (1, 2) 1 (1, 1) 1 (1, 1) 2 (1, 2) <0.001 

Cyclosporine A - 100 (100 - 150) 125 (100 - 150) 100 200 (100 - 200) 0.012 

Tacrolimus 2 (2, 3) 2 (1, 2) 2 (2, 5) 3 (2, 4) 2.5 (2, 4) 0.260 

Everolimus - 2 (1 - 3) 6 (3 - 8) 5 3 (2 - 3) 0.300 

Sirolimus - 2 (2 - 3) 2 (2 - 3) - 2 (2 - 4) 0.786 

Prednisolone 10 (5, 10) 5 (5, 10) 5 (5, 5) 5 (5, 10) 8 (5, 10) 0.012 

Drug serum Levels 
      

Tacrolimus 7 (7, 8) 8 (5, 10) 7 (5, 7) 8 (6, 9) 7 (5, 8) 0.450 

Cyclosporine A - 59 (35, 104) 90 (43, 260) 132 (130, 134) 92 (51, 392) 0.610 

*=years (range), †= median mg (range) 
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The remaining cohort consisted of KTR with current cancer (n=35) and KTR with a history of 

cancer (n=33), for a total KTR cancer cohort (n=68) and those KTR without any history of 

cancer (n=89), depicted in Figure 3.2.  

 

 

Figure 3.2: Strobe diagram of enrolled Kidney Transplant Recipient (KTR) cohort by 

cancer status: A total of 157 KTR enrolled, a total of 68 KTR in the cancer group consisting 

of 35 KTR with current cancer and 33 KTR with a past cancer. Within this group there were 

19 KTR with SOC: 14 with current cancer and 5 with past cancer. There was a total of 49 

KTR with SCC including both current and past cancer. The different types of SOC present in 

the recruited KTR are depicted in the subsequent groups and in the top left of the figure. 
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There were a total of 49 KTR with current or a history of SCC and 19 KTR with current of a 

history of SOC. Of the SOC there were; 8 KTR with Gastro-Intestinal (GI), 8 KTR with 

Renal, 5 KTR with genital ureteral cancer, 2 KTR with head and neck cancer, 1 KTR with 

lung and 1 KTR with astrocytoma. 

 

All KTR were prospectively followed for a median time of 15 months with range (3-42). Of 

the KTR with SOC in situ, 14 KTR died during the course of the study. Two KTR with SCC 

in situ died of metastatic SCC. Two KTR with a history of SCC died, 1 KTR died from 

infection, the other from cardiovascular complications. Two KTR with no cancer at 

presentation developed SCC over the follow-up period and a further 2 KTR with no cancer 

died, 1 from infection and 1 from cardiovascular complications. Additionally from the 49 

KTR with SCC there were 28 KTR who developed 37 tumours during the study. Of these 37 

SCC tumours that developed, 22 (59%) were high risk SCC (poorly differentiated lesion, 

>2mm thickness with peri-neural invasion and invading deep structures beyond deep reticular 

dermis). 

 

3.3 Patient Demographics  

KTR age at transplantation was categorised into 4 groups (18-44, 45-54, 55-64 and 65+ 

years). Duration of immunosuppression was also categorised (0-4 (n=69), 5-9 (n=32), 10-19 

(n=37) and 20+ (n=16) years). These and other categorical variables were compared using 

Pearson's chi-squared or Fishers exact chi-square tests as appropriate and presented in Table 

3.3.1. Continuous variables between two groups were compared using Mann-Whitney test and 

Kruskal-Wallis rank tests and Wilcoxon rank-sum between multiple KTR sub-groups. 
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Table 3.3.1 Total cohort (n=157) patient demographics 

 

Those KTR with cancer had greater exposure to immunosuppressive therapies than KTR with 

no cancer. However, this cohort included patients that are within 1 year from transplant and 

during this first year the patient’s immunosuppression is often still being adjusted. 

Additionally, we and others have found profound changes in immune phenotype during the 

first 12 months
196

. Therefore, a selection criterion of greater than 1 year post-transplant was 

applied to the cohort. It is nonsensical to compare KTR only 0-12 months post-transplant to 

KTR 10 years post-transplant.  

 

The reduced cohort consisted of KTR with current cancer (n=34) and KTR with a history of 

cancer (n=31), for a total KTR cancer cohort (n=65), also KTR without any history of cancer 

(n=51) with demographics shown in Table 3.3.2. The 4 categories of years of 

immunosuppression became (1-4 (n=31), 5-9 (n=32), 10-19 (n=37) and 20+ (n=16) years) and 

included any pre-transplant immunosuppression. These selection criteria removed 3 KTR who 

developed cancer within 1 year and 38 KTR with no cancer. Additional data was collected for 

induction therapy in this cohort, shown in Table 3.3.2. 

 

 No cancer Cancer  

 (N = 89) (N = 68) p-value 

Age, median years (IQR) 49 (35, 58) 51 (44, 59) 0.190 

Male gender, N (%) 53 (60) 46 (68) 0.300 

Rejection episode(s), N (%) 19 (39) 12 (18) 0.690 

Years of Immunosuppression (IQR) 2 (1, 9) 10 (5, 12) <0.001 

HLA mismatch 4 (2, 5) 3 (2, 5) 0.310 

Causal nephropathy, N (%)    

Type 1 diabetes 6(7) 1 (1) 0.140 

Type 2 diabetes 7(8) 0 (0) 0.019 

GN 29 (33) 32 (47) 0.071 

Reflux 11 (13) 3 (5) 0.097 

Other 29 (35) 25 (41) 0.614 
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Table 3.3.2 Selected cohort (n=116) patient demographics 

 

ATG=Anti-thymocyte Globulin, Anti-IL2Ra mAb = (anti-CD25 monoclonal antibody), Cytomegalovirus 

(CMV) and Epstein Barr Virus (EBV). 
 

These results show that duration of immunosuppression was more closely relatable between 

groups. However KTR with cancer were older than those KTR with no cancer. There was no 

difference in Anti-IL2Ra mAb monoclonal antibody induction therapy. However, there was a 

difference in Anti-thymocyte globulin (ATG) usage. Both Cytomegalovirus (CMV) and 

Epstein Barr Virus (EBV) serological status were available in 76/116 (66%) of KTR. There 

was no statistical difference between the CMV or EBV seropositive status of KTR with and 

without cancer.  

 

No Cancer Cancer 

 

 

(N = 51) (N = 65) p-value 

Age, median years (IQR) 41 (33, 51) 50 (44, 58) 0.010 

Male gender, N (%) 32 (63) 44 (68) 0.580 

Rejection episode(s), N (%) 8 (16) 12 (18) 0.810 

Years of immunosuppression (Range) 7 (2, 29) 10 (2, 40) 0.098 

Causal nephropathy, N (%)    

Type 1 Diabetes 5 (10) 1 (2) 0.085 

Urinary Reflux 7 (14) 3 (5) 0.103 

IgA Nephropathy 7 (14) 18 (28) 0.110 

Drug treated nephrology 5 (10) 12 (19) 0.290 

Other 27 (53) 31 (48) 0.709 

Induction therapy, N (%)    

ATG 2 (4) 11 (17) 0.037 

Anti-IL2Ra mAb 18 (35) 14 (22) 0.142 

Viral Serological Status    

CMV 16 (48) 28 (68) 0.140 

EBV 32 (84) 33 (80) 0.772 
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Figure 3.3 Strobe diagram of Kidney Transplant Recipient (KTR) selected cohort by 

cancer status: Within the 116 KTR enrolled, a total of 65 KTR in the cancer group consisted 

of 34 KTR with current cancer and 31 KTR with a past cancer. Of these there were 19 KTR 

with SOC and 46 KTR with SCC. The different types of SOC are present in the respective 

categories with a total SOC breakdown in the top left of the figure. 
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3.4 Immunosuppression regimen dose and serum levels. 

Table 3.4.1 depicts the type, dose and serum levels of the entire Cancer and Non-cancer 

cohort.  

 

Table 3.4.1 Immunosuppression regimen, dose and serum levels in total cohort (n=157) 

 

 

Both Mycophenolate and Calcineurin inhibitors were used less in KTR with cancer than those 

KTR with no cancer. Also, both antiproliferatives Azathioprine and Mycophenolate had lower 

doses in the KTR with cancer than those KTR without cancer. Additionally, CNI dose was 

slightly lower, although not statistically significantly.  

 

 

 No cancer Cancer  

 (N = 89) (N = 68) p-value 

Drug regimen, N (%)    

Azathioprine 8 (9) 12 (18) 0.107 

Mycophenolate 74 (83) 45 (66) 0.014 

Calcineurin inhibitors 58 (65) 33 (49) 0.036 

mTORi 14 (16) 16 (24) 0.220 

Prednisolone 73 (82) 58 (75) 0.667 

Median drug dose in mg (IQR)    

Azathioprine 100 (75, 100) 38 (25, 63) 0.004 

Mycophenolate, (g) 1.5 (1, 2) 1 (1, 1) <0.001 

Cyclosporine A 200 (100, 200) 100 (100, 150) 0.085 

Tacrolimus 2 (2, 4) 2 (2, 3) 0.360 

Everolimus 3 (2, 3) 3 (1, 5) 0.880 

Sirolimus 2 (2, 4) 2 (2, 3) 0.500 

Drug serum Levels, median µg/l (IQR)    

Tacrolimus 7 (5, 8) 7 (5, 10) 0.560 

Cyclosporine A 92 (51, 392) 61 (43, 146) 0.370 
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Table 3.4.2 Immunosuppression regimen, dose and serum levels in the selected KTR 

cohort (n=116). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 No Cancer Cancer  

 (N = 51) (N = 65) p-value 

Drug regimen, N (%)    

Azathioprine 6 (12) 11 (17) 0.440 

Mycophenolate 41 (80) 43 (66) 0.089 

Calcineurin inhibitors 30 (59) 31 (48) 0.230 

mTORi 8 (16) 16 (25) 0.240 

Prednisolone 35 (76) 54 (86) 0.200 

Median drug dose in mg (IQR)    

Azathioprine 100 (75, 100) 50 (25, 75) 0.024 

Mycophenolate, (g) 1 (1, 2) 1 (1, 1) 0.008 

Cyclosporine A 200 (100, 200) 100 (100, 150) 0.150 

Tacrolimus 3 (1, 5) 2 (1, 3) 0.450 

Everolimus 2 (1, 2) 3 (1, 5) 0.240 

Sirolimus 2 (2, 10) 2 (2, 3) 0.390 

Prednisolone 5 (5, 8) 5 (5, 8) 0.900 

Drug serum Levels, median µg/l (IQR)    

Tacrolimus 6.5 (5, 8) 7 (5, 10) 0.320 

Cyclosporine A 92 (51, 392) 75 (57, 147) 0.620 
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Introduction of the selection criterion reduced the proportion of KTR with no cancer on 

Calcineurin inhibitors, perhaps due to early maintenance therapy mainly being a CNI based 

regimen. Regardless, both anti-proliferatives Azathioprine and Mycophenolate were still at 

lower doses in the KTR with cancer than those KTR without cancer. Both these drugs were 

tapered and/or ceased upon cancer diagnosis however this cannot be measured within this 

cohort. Age, gender and duration of immunosuppression were associated with cancer in this 

cohort and will be adjusted for in logistic regression modelling shown in chapter 4.  

 

3.5 Functional study sub-cohort 

Functional studies were limited by the amount of blood taken, lymphopenic patients, and 

access to rural or remote patients. This limited the patients’ numbers to a sub-cohort of the 

entire recruited cohort. This cohort was used in chapter 5 and 6 to study the functional status 

of KTR with cancer. It consisted of 31 KTR with cancer, 17 KTR with current cancer, 14 

KTR with past cancer and 19 KTR with no history of cancer. All the demographic data is 

shown in Table 3.5. 
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Table 3.5 Functional studies sub-cohort, Patient characteristics 

 No cancer  
(N = 19) 

Cancer  
(N = 31) 

 
p-value 

Age, median (IQR) years 49 (35-51) 49 (44-57) 0.242 

Gender, N (%) Male 12 (63) 21 (68) 1.000 

Years of immunosuppression 7 (4-24) 10 (5-12) 0.850 

Rejection episodes, N (%) 4 (21) 5 (16) 0.715 

Multiple transplants, N (%) 2 (11) 7 (23) 0.452 

HLA mismatch, (median) range 4 (2-6) 3 (0-6) 0.704 

Donor Specific Antibodies (DSA), N (%) 3 (16) 3 (10) 0.661 

Non-DSA, HLA antibodies, N (%) 0 (0) 5 (16) 0.142 

Drug Usage    

mTORi, N (%)  1 (5) 8 (26) 0.127 

Calcineurin Inhibitors, N (%)  9 (47) 15 (48) 1.000 

Azathioprine, N (%) 2 (11) 9 (29) 0.167 

Mycophenolate, N (%) 16 (84) 19 (61) 0.117 

Median Drug Dose (Range), mg    

mTORi - 3 (1-8) N/A 

Cyclosporine A 200 (80-250) 125 (100-150) 0.197 

Tacrolimus 2 (1-6) 3 (1-3) 0.946 

Azathioprine 88 (75-100) 25 (12.5-50) N/A 

Mycophenolate 1250 (500-3500) 1000 (500-3000) 0.522 

 

Due to numbers, both mTORi and Azathioprine drug doses could not be statistically 

compared. Otherwise there was no statistical difference between the two sub-groups.  
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3.6 Discussion 

In summary, the enrolment yielded a cohort of 200 KTR. However, this included those with 

active infection, rejection episodes and KTR still within their first year of transplantation. The 

final immune phenotyping cohort consisted of 116 KTR, in which KTR with cancer were 

older and had increased ATG usage than those with no cancer.  

 

KTR in our cohort were younger and had less exposure to immunosuppressive drugs than the 

UK study
141

, but older and have had longer exposure to immunosuppressive drugs than all 

other post-transplant malignancy, prospective immune phenotyping studies
101-104, 197

. Our 

KTR with cancer was roughly 66% male, which aligns with the other post-transplant studies. 

Induction with ATG was prevalent throughout all studies (35% to 92%) however, only 17% 

of our KTR cancer cohort was treated with ATG induction therapy and none in the UK based 

study
141

. The other differences were in immunosuppression regimens. All other studies had 

>70% Calcineurin Inhibitor (CNI) use, with >70% Azathioprine use. There has only been one 

other immune phenotyping study involving mTORi use, which converted 13 KTR from CNI 

to mTORi usage
198

. Additionally, our cohort had the highest MMF usage as 66% of our 

cohort were administered with MMF and only 17% utilised AZA as anti-proliferative 

medication. These differences may affect immune phenotype and will be addressed in Chapter 

4 of this thesis.  

 

In conclusion, there were differences in age, gender and duration of immunosuppression 

during various iterations of analysis and found in literature, these parameters will be adjusted 

for in analysis in Chapter 4. However, the functional cohort which consisted of 50 KTR, (31 

KTR with cancer and 19 KTR with no cancer) was already closely matched and will be used 

in Chapters 5 and 6 to investigate immune functions, without adjustment. 
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Chapter 4: Immune Phenotyping 

 4.1 Introduction 

Immune phenotype has been previously investigated in Kidney Transplant Recipients (KTR). 

Literature reports that <400-600 CD4
+
 T cells/µl of blood associates to cancer in KTR

70, 102-

104
. In both studies, the majority of the cohort underwent Anti-Thymocyte Globulin (ATG) 

induction therapy, which is known to cause CD4 lymphopenia
70

. Both studies concluded that 

CD4 lymphopenia associated with cancer. One study showed that ATG impaired CD4 T cell 

number, but did not associate with the occurrence of cancer
103

. Furthermore, there was no 

CD4 cell count threshold that could accurately positively and/or negatively predict cancer 

using Receiver Operator Curve (ROC) analysis
103

. CD8
+
 T cells and CD19

+
 B cells were also 

investigated in the same study; there was no difference between KTR with Squamous Cell 

Carcinoma (SCC) when compared to KTR without SCC
104

. It was noted however, that 

immune phenotype was more pronounced in KTR with Solid Organ Cancer (SOC) compared 

to KTR with SCC: CD4 count: 234 cells/µl Vs. 543 cells/µl, p<0.001; CD8: 328 cells/µl Vs. 

640 cells/µl p=0.100; CD19: 19 cells/µl Vs. 52 cells/µl, p<0.001
104

. 

 

While these studies provide some evidence that cancer may influence the peripheral immune 

cells, there was no investigation into sub-types of these cells, primarily because multi-

parameter flow was not common place. Recently, it was reported that high numbers of CD4
+
 

Regulatory T cells (Tregs, i.e. CD4
+
FOXP3

+
CD127

Lo
CD25

Hi
) and low numbers of Natural 

Killer (NK cells, i.e. CD56
+
CD16

+
), in peripheral blood associated with and predicted 

recurrent SCC in KTR
141

. This study also showed an increase in CD8
+
CD28

-
. These CD8 T 

cells co-localise with Tregs within cancer tissue and have been shown to be suppressive from 

patients with cancer, and therefore abbreviated to CD8
+ 

Tsupps
170

. Furthermore, there was a 

decrease in CD8
+
CD45RA

-
CD62L

+
 CD8 central memory T cells (CD8

+
 Tcm), which has 

been shown to decrease in KTR using the corticoid steroid prednisolone, despite cancer 

status
141

. This indicates that immunosuppression may affect immune phenotype. 
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Operationally tolerant organ transplant recipients have increases in Regulatory T cells, B cells 

(particular naïve B cells), Vδ1 γδ T cells and decreases in CD3
+
 proportions (B:T ratio), NK 

cells, and Vδ2 γδ T cells within their peripheral blood
199

. Also it is already known that KTR 

with cancer have increases in Tregs and decreases in NK cells
141

. Therefore changes in B cells 

and γδ T cells that occur in these patients will be investigated.  

 

While the United Kingdom-based study did investigate a variety of sub-populations of 

lymphocytes within KTR with SCC, the study did not investigate their associations to SOC. 

Additionally, this study did not investigate subtypes of Tregs, such as natural Tregs, which 

co-express the transcription factor, HELIOS. Furthermore, the study did not measure if Tregs 

numbers associate with predicting the severity of SCC tumour and/or if Immune Phenotype is 

dynamic upon cancer resection. The severity of SCC is introduced in Chapter 1: Section 1, 

briefly, >2.8mm depth, >2mm thickness, larger diameter and poorer differentiation are 

characteristics of a SCC tumour at high risk of developing in metastatic SCC. These tumours 

are aggressive and it would be of clinical benefit to be able to predict the severity of SCC of 

the tumour that is accrued. It is also important to determine if factors such as active viral 

infection, induction therapy and immunosuppression maintenance have an effect on immune 

phenotype, as there is evidence that these factors may affect immune cells, introduced in 

Chapter 1- Section 1.5-1.7.7). This chapter reports the results of the immune phenotyping of 

the cohort mentioned in Chapter 3 using methods described in Chapter 2. Immune 

Phenotyping was performed on fresh samples as has been shown that cryopreservation 

directly affects Foxp3 expression as well as many other surface markers such as CD62L and 

CCR5
200-204

.  
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4.1.1 Chapter Aims 

1) To determine if there are any differences in immune phenotype in Australian KTR 

with SCC compared to KTR with no SCC. 

2) To assess if tolerance phenotype exists in long-term KTR 

3) To examine if Tregs associate with Solid Organ Cancer (SOC) in KTR. 

4) To investigate the effect cancer has on naturally occurring Tregs (nTreg) 

5) To prospectively study if immune phenotype can predict SCC development in 

Australian KTR.  

6) To evaluate if cancer resection alters immune phenotype of the peripheral blood.  

 

4.1.2 Chapter Hypotheses 

1) Australian KTR with cancer, both SCC and SOC, will have increased CD4
+
 Treg 

and CD8
+
 T suppressors with decreased CD8

+
 T cm and NK cells. (a priori) 

2) A greater number of KTR with SCC will have an immune phenotype resembling a 

tolerance immune phenotype. (a priori) 

3) Differential HELIOS expression will determine if SCC in KTR induces Tregs 

(iTregs) or expands natural Tregs (nTregs).  

4) CD4
+
 Tregs will predict cancer onset (a priori) 

5) CD4
+
 Treg number will associate with severity of the cancer developed 

6) CD4
+
 Tregs will associate with cancer tissue presence.  

 

When statistically assessing all a priori hypotheses, the results will be considered statistically 

significant if the significance is p<0.05, for all other hypotheses, a significance of p<0.01 will 

be needed, due to testing multiple parameters.   
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4.2 Chapter Methods 

4.2.1 Antibody Panel 

For a research based assay to become more clinically relevant it needs to be non-invasive, 

efficient, rapid, reproducible, cost effective and validated in multiple populations. To address 

these issues the amount: of physical handling, blood needed for reproducible staining and 

antibodies was reduced.  

 

Recent developments into Treg subtypes indicate a possibility that CD39 and CD73 Tregs 

may also be increased, thus two separate Treg assay samples were created. Investigation into 

Natural Killer cell markers with the addition of APC-beads allowed enumeration of T, B and 

NK cells. Cell markers CD27, IgD and IgG were used to determine B cell nativity. An 

additional tube was created to investigate γδ T cells and CD4/CD8 subtypes. A commercially 

available Tritest® dye was also used to enumerate T and B cell numbers. The cell markers 

and associated fluorochromes are summarised in Table 4.2.1. 

 

Table 4.2.1 FITC PE PerCP-
Cy5.5 

PeCy7 APC APC-
eFlour780 

CD8 Subsets CD27 CD28 CD8 CD3 CD45RA CD62L 

CD4 Memory CD27 CD38 CD4 CD3 CD45RA CD62L 

CD4 Treg I CD127 FOXP3 CD4 CD39 CD73 CD3 

CD4 Treg II CD127 FOXP3 CD4 CD3 CD25 CD62L 

NK Cell CD19 CD16 CD45  CD56 + 
Beads 

CD3 

B Cell CD27 IgD IgG CD3 CD19  

γδ T Cell CD8 γδ CD4 CD3   

Tritest ® CD3 CD19 CD45  Beads  

 

 



58 
 

This panel enables identification of the following cells. CD8
+
: CD27

-
, CD28

-
, CD27

-
CD28

-
, 

naïve, Tcm, Tem and TEMRA with the addition of CD27
-
CD28

-
: naïve, Tcm, Tem and 

TEMRA. The CD4
+
 sub-populations included: naïve, Tcm, Tem, TEMRA and 

CD45RA
+
CD38

+
. Two subsets of NKT cells: CD16

+
 T cells and CD56

+
 T cells were 

measured and 4 different NK cell types: CD16
+
 and CD56

+
 single positive, CD56

++
 NK 

“brights” and CD56
+
CD16

+
 NK cells. The selection of antibodies in the B cell tube enabled 

measurement of naïve B cells, class-switched memory B cells as well as any IgD or IgG 

expressing B cells. There were 4 distinct CD3
+
γδ T subpopulations analysed; CD4

+
CD8

-
 

(CD4 single positive), CD4
+
CD8

+
 (double positive), CD4

-
CD8

+
 (CD8 single positive), and 

CD4
-
CD8

-
 (double negative). Out of the 7 tubes approximately 35 different cell types were 

analysed. To build this panel the antibodies were titrated and added to the panel a single 

antibody at a time, sequentially. 
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4.2.2 Antibody Titrations 

To titrate multiple antibodies in a multi-colour panel, single antibodies need to be run alone 

and together within the panel. This was performed with every addition of a new antibody to 

assess antibody interactions. When HELIOS was added to the Treg tubes within the panel, it 

was added on the Pacific Blue (excitation of 400-450nm) channel and the titration of CD3-

Pacific blue will be used an example. The Pacific Blue antibody did not leak into the other 6 

channels in the compensation tube and there was no effect on CD3% positivity in the 

Fluorescence Minus One (FMO). As it can be seen the antibody stained the cells using only 

1µL of stock antibody.  

 

Figure 4.2.2: Pacific Blue antibody titration: A Line graph depicting the proportion of CD3 

positive T cells in Peripheral Blood Mononuclear Cells (PBMC) from 3 individuals stained 

with 1,3,5 and 10µL of Pacific Blue conjugated CD3 antibody, analysed with FACS.  

 

All antibodies were titrated and used in the panel shown in Table 4.2.1 as per protocol 

mentioned in Chapter 2: Section 2.3. 
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4.2.3 Titration of whole blood 

Two aliquots: 50 and 100 µl of whole blood from 7 KTR were stained and several primary 

gates were analysed. Decreased volume of blood did not affect the cell surface molecules and 

was comparable, seen in Figure 4.2.2. The greatest variation was from γδ T cells (gd T cells) 

with a p-value = 0.110.  

 
Figure 4.2.3: Staining of 50 and 100µl whole blood: A series of line graphs depicting 

proportions of various cell types using FACS antibodies in 50µL and 100µL of peripheral 

whole blood from KTR (n=7) with p-value median (range) = 0.330 (0.110-1.00) using 

Wilcoxon Paired tests. The greatest variation was from γδ T cells (gd T cells) with a p-value = 

0.110. 

 

Therefore, 50µl was sufficient to measure the proportions of cells, reducing the amount of 

blood needed to run an immune phenotype. 
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4.2.4 Regulatory T cell staining optimisation 

The current gold standard of identifying Tregs includes staining for the FOXP3 regulatory 

gene transcription factor. As FOXP3 is an intracellular transcription factor that requires 

permeabilisation for the antibody to bind. The permeabilisation technique required 

optimisation and techniques which need to be consistent throughout the study. This section 

shows the investigation into the Treg staining. 

 

4.2.5 FOXP3 antibody titration 

To reduce the amount of antibody used, a assay was run on 7 KTR PBMCs. The antibody was 

satined at 2.5 and 5µl volumes. Below is a graphical representation of the FOXP3
+
% of CD4 

T cells. It shows that there is no difference between using 2.5 or 5µL of antibody. This was 

compared using a paired T-test with a p-value >0.999. The greatest variation was an 0.8% 

increase in FOXP3 positivity as shown in Figure 4.2.5. 

 

Figure 4.2.5: FOXP3 antibody titration: A line graph showing the proportion of positive 

FOXP3 cells from CD4+ FACS events. 7 Kidney Transplant Recipient PBMC stained with 

2.5 or 5 µl   of anti-FOXP3 were compared. There was no difference between using 2.5 or 5µl 

of FOXP3 antibody, using paired T test, p>0.999 with the greatest variation = 0.8%. 
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4.2.6 FOXP3 Whole blood staining 

It is acknowledged, but unpublished, that when staining FOXP3 in Whole blood the signal to 

noise ratio is much greater than when staining PBMC, creating decreased levels of FOXP3
+
 

CD4 T cells. In 2010, eBioscience released a Whole blood FOXP3
+
 staining kit (Cat # 88-

8996) which was used, as per protocol, to stain 23 KTR. The results were compared to PBMC 

on the same sample to determine if there is a decrease in the amount of FOXP3
+
 cells when 

using lysed Whole blood in comparison to ficoll separated PBMC, seen in Figure 4.2.6.  

 
Figure 4.2.6: FOXP3 staining in ficolled PBMC compared to lysed whole blood: A line 

graph depicting the comparison of the proportion of fluorescently labelled FOXP3 in CD4 

positive FACS events from lysed Whole blood and ficolled PBMC, in 23 KTR. Mean 

FOXP3% for ficoll is 5.1% Vs. 2.4% for whole blood, p<0.001 using paired Wilcoxon Two-

tailed test. 

 

There was a two-fold decrease in the mean FOXP3 expression between using Ficoll separated 

PBMC to Whole blood. Therefore, PBMC was used to determine 

CD4
+
FOXP3

+
CD25

hi
CD127

lo
 Tregs as outlined in Chapter 2: Section 2.3 and reported in 

Section 4.3 of this chapter. 
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4.2.7 FOXP3 clone validation 

In 2007 a study showed that T cell receptor activation of CD4 naïve cells in the presence of 

TGF-β induced FOXP3. The paper, and running commentaries, suggested that anti-FOXP3 

antibody clone PCH-101 has non-specific binding properties under specific conditions
205

. An 

assay was used to determine if PCH-101 was increasing the Treg signal via non-specific 

binding. The clone PCH-101 was compared to clone 259D/C7. The assay utilised 5 samples 

and the proportion of FOXP3+ CD4 T cells was similar for both clones. This indicates that 

PCH-101 is appropriate for use in the freshly isolated unstimulated blood for immune 

phenotyping (Figure 4.2.7). The greatest shift was 0.4%. 

 

 
Figure 4.2.7: FOXP3 clone comparison: A line graph of FOXP3% of CD4 events from 

FACS analysis of 5 PBMC samples stained with PCH-101 and 258D/C7 clones. There is no 

difference in clones p>0.999, using a paired Wilcoxon Two-tailed test. 
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4.3 Results 

4.3.1 Utilisation of HELIOS as natural Treg (nTreg) marker 

The expression of FOXP3 was measured in the presence and absence of HELIOS and vice 

versa to determine any differences that may occur with the addition of a new antibody (n=3). 

There were no antibody interactions and therefore both HELIOS and FOXP3 can be used 

simultaneously (data not shown). To investigate the interactions cancer may have on Tregs, 

the Ikaros family transcription factor, HELIOS, was used as a marker of thymic-derived or 

naturally occurring Tregs (nTreg), rather than peripherally derived or induced Tregs (iTregs). 

The expression of HELIOS was measured in the Tregs of 51 KTR and 6 Healthy controls, the 

results are shown in Figure 4.3.1. 

 

Figure 4.3.1: Helios co-expression in gated Tregs of Kidney Transplant Recipients with 

cancer and with no cancer: A box and whisker plot depicting the percentage co-expression 

of the Ikaros transcription factor, Helios, in Regulatory T cells in Kidney Transplant 

Recipients (KTR) with cancer Vs. KTR with no cancer Vs. Healthy controls with median% 

(range); 82 (50-96), 85 (45-95) and 74 (53-82) respectively. 

 

Although there were, not statistically different, increased proportions in KTR (82-85%) to that 

observed (74%) and reported in the general population (70%) there were no differences 

between those with cancer and those without
118

.  
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4.3.2 Immune Phenotype and association to cancer in KTR 

This section will investigate one of the primary aims of this thesis: To determine if there are 

any differences in immune phenotype in Australian KTR; with SCC or with SOC, when 

compared to those KTR with no cancer. Approximately 37 different cell types, many with 

both proportion and enumeration, were investigated. However, there were a priori hypotheses 

that included investigation into; CD8
+
 T suppressors (CD8

+
CD27

-
CD28

-
), CD8

+
 central 

memory T cells (CD8
+
CD45RA

+
CD62L

-
), CD4

+
 T cells, CD4

+
 regulatory T cells 

(CD4
+
FOXP3

+
CD127

lo
CD25

hi
), and NK cells (CD3

-
CD19

-
CD16

+
CD56

+
). These cells were 

investigated in two different ways. Firstly, to investigate the presence of cancer in KTR, 

current cancer was compared to KTR who never had cancer and secondly, KTR with a history 

of cancer was compared to KTR who never had cancer. As mentioned when statistically 

assessing all a priori hypotheses, the results will be considered statistically significant if the 

significance is p<0.05, for all other hypotheses, a significance of p<0.01 will be needed, due 

to testing multiple cell types. Table 4.3.2.1 shows the investigated immune phenotype of these 

three groups. This is raw phenotype data that has not been adjusted for age, gender and 

duration of immunosuppression.  
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Table 4.3.2.1: Median (Range) of immune phenotype values comparing between kidney 

transplant recipients groups by Kruskal-Wallis non-parametric testing 

 

Current cancer Past cancer No cancer p-value 

 

N = 35 N = 33 N = 89 

 CD45 Count 1740 (1140, 2390) 1400 (740, 2080) 1820 (1160, 2990) 0.086 

CD3 of CD45 76 (67, 85) 79 (69, 86) 78 (66, 82) 0.540 

CD3 Count 1280 (890, 1870) 1050 (570, 1830) 1340 (860, 2340) 0.170 

CD8 of CD3 35 (24, 45) 35 (27, 45) 31 (25, 41) 0.650 

CD8 Count 430 (230, 560) 440 (170, 640) 380 (260, 660) 0.840 

naive T cells of CD8 17 (7, 25) 20 (13, 33) 23 (12, 44) 0.075 

TCM cells of CD8 6 (3, 11) 6 (3, 13) 6 (2, 12) 0.970 

CD8+CD27-CD28-% 47 (22, 66) 45 (17, 58) 35 (15, 57) 0.290 

CD8+CD27-CD28- 
Count 

190 (70, 345) 222 (30, 370) 120 (35, 300) 0.390 

CD4 of CD3 60 (45, 67) 53 (46, 62) 63 (49, 71) 0.120 

CD4 Count 790 (430, 1040) 510 (290, 860) 800 (450, 1430) 0.062 

CD4+CD45RA+CD38+% 16 (9, 26) 15 (9, 27) 21 (13, 34) 0.070 

CD4+FOXP3+% 3 (2, 5) 4 (3, 6) 2 (2, 4) <0.001 

CD4+FOXP3+ Count 29 (15, 35) 22 (14, 36) 19 (10, 37) 0.390 

CD19 of CD45 2 (1, 7) 3 (2, 4) 4 (2, 6) 0.190 

CD19 Count 49 (17, 100) 40 (17, 75) 59 (27, 140) 0.160 

CD4+ of γδ T cells 36 (27, 52) 24 (12, 37) 39 (22, 55) 0.033 

CD8+ of γδ T cells 33 (21, 53) 36 (23, 53) 24 (16, 38) 0.027 

     
 

The proportion of FOXP3 was greatest in those KTR with a history of cancer and increased in 

those KTR with current cancer compared to those KTR with no cancer (p<0.001). Although 

not statistically significant, CD4
+
 single positive γδ T cells were decreased (p=0.033) in KTR 

with past cancer and CD8
+
 single positivity γδ T cells were increased (p=0.027) in KTR with 

current and past cancer compared to those KTR with no cancer. 

 

To investigate the association immune phenotype has with cancer KTR, current cancer and 

past cancer were grouped together (KTR cancer, n=65) and compared to those KTR with no 

cancer (n=51). Non-parametric Mann-Whitney two-tailed tests were utilised to determine 

differences between the two groups. The results presented in Table 4.3.2.2 are unadjusted for 

age, gender and duration of immunosuppression.  
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Table 4.3.2.2: Median (IQR) of immune phenotype values compared between kidney 

transplant recipients with cancer and with no cancer by Mann-Whitney two-tailed tests.  

Tregs = Regulatory T cells, TCRγδ = T- cell Receptor γδ subunit positive cells, NK = Natural Killer cells 

 

When comparing KTR groups, the KTR with cancer had higher Treg parameters including 

proportions and counts, however there were no differences in NK cell parameters between the 

two groups shown in Table 4.3.2.2. Additionally, Naïve B cell counts are lower in KTR with 

cancer when compared to KTR without cancer (median. 13 naïve B cells/µl Vs. 26 naïve B 

cells/µl, respectively, p=0.028).  

 

To investigate the strength of the association immune phenotype has with cancer Odds Ratios 

(OR) were developed with logistic regression modelling. The odds ratios were run unadjusted 

 

Cancer (n=65) No Cancer (n=51) p-value 

CD45 lymphocytes/µl 1540 (1100, 2350) 1680 (1140, 2900) 0.380 

Treg Parameters    

FOXP3% of CD4+ T cells 4 (3, 5) 2 (2, 4) <0.001 

Treg% of CD4+ T cells 2 (2, 3) 1 (1, 2) <0.001 

Tregs cells/µl 16 (6, 23) 8 (3, 19) 0.016 

B cell Parameters    

B cell% of CD45 cells 3 (1, 5) 4 (2, 6) 0.084 

B cells/µl 41 (17, 91) 56 (28, 116) 0.190 

Naïve B cell% of  B cells 41 (22, 72) 55 (37, 74) 0.067 

Naïve B cells/µl 13 (5, 50) 26 (13, 55) 0.028 

Memory B cell% of B cells  17 (9, 32) 14 (6, 21) 0.065 

Memory B cells/µl 7 (3, 14) 6 (2, 14) 0.680 

γδ T cell Parameters    

TCRγδ% of T cells 8 (4, 14) 6 (4, 9) 0.110 

CD8% of TCRγδ T cells 36 (21, 53) 30 (17, 41) 0.087 

NK cell Parameters    

CD3-CD19-% of CD45 cells 18 (11, 27) 18 (13, 25) 0.710 

NK cells/µl 74 (43, 188) 107 (34, 195) 0.980 

CD56++% of CD3-CD19- cells 2 (1, 4) 2 (1, 3) 0.310 
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in univariate logistic regression models and adjusted for age, gender and duration of 

immunosuppression in multivariate modelling (Table 4.3.2.3).  

 

Table 4.3.2.3: Odds Ratios for the association immune phenotype has with cancer using 
logistic regression modelling in selected cohort (n=116). 

  

Unadjusted 

  

Adjusted 

   OR 95% C.I. p-value OR 95% C.I. p-value 

Treg Parameters 

      FOXP3% of CD4 T cells 1.26 [1.04-1.53] 0.019 1.31 [1.03-1.66] 0.028 

Tregs% of CD4 T cells 1.61 [1.17-2.20] 0.003 1.61 [1.13-2.29] 0.008 

Tregs/µl 1.02 [0.99-1.05] 0.127 1.03 [1.00-1.06] 0.090 

B cell Parameters 

      B cell% of CD45 Lymphocytes 0.97 [0.89-1.05] 0.483 0.98 [0.89-1.08] 0.653 

B cells/µl 0.99 [0.99-1.00] 0.358 1 [0.99-1.00] 0.659 

Naïve B cell% of B cells 0.99 [0.97-1.00] 0.058 0.98 [0.97-1.00] 0.082 

Naïve B cells/µl 0.99 [0.99-1.00] 0.577 1 [0.99-1.00] 0.883 

Memory B cell% of B cells 1.03 [1.00-1.06] 0.038 1.04 [1.00-1.07] 0.025 

Memory B cells/µl 0.99 [0.96-1.01] 0.228 0.99 [0.97-1.02] 0.568 

γδ T cell Parameters 

      TCRγδ% of T cells 1.07 [1.00-1.14] 0.043 1.03 [0.97-1.12] 0.310 

CD8% of TCRγδ T cells 1.02 [1.00-1.04] 0.055 1.01 [0.99-1.04] 0.341 

CD8+TCRγδ T cells/µl 1.01 [1.00-1.02] 0.080 1 [0.99-1.02] 0.293 

NK cell Parameters 
      

CD3-CD19-% of CD45 lymphocytes 0.99 [0.96-1.02] 0.697 0.99 [0.95-1.03] 0.587 

NK cells/µl 1.00 [1.00-1.00] 0.879 1.00 [1.00-1.00] 0.846 

CD56++% of CD3-CD19- lymphocytes 1.11 [0.91-1.35] 0.314 1.12 [0.89-1.39] 0.338 

Tregs = Regulatory T cells, TCRγδ = T- cell Receptor γδ subunit positive cells, NK = Natural Killer cells 

 

 

The Treg parameter with the strongest association was the proportion of CD4
+
 Tregs 

(CD3
+
CD4

+
FOXP3

+
CD127

lo
CD25

hi
% of CD4 T cells, p=0.003) which stayed consistently 

strong in multivariate analysis (p=0.008, Table 4.4.3). Natural Killer cells did not associate 

with cancer in either model. Memory B cells showed association with cancer (p=0.038) and 

remained consistent in multivariate analysis (p=0.025). All γδ T cell parameters had increased 

odds ratios, but the strength and statistical significance was lost in multivariate analysis.  
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Further investigation of Tregs and the presence of cancer, both squamous cell carcinoma 

(SCC) and Solid Organ Cancer (SOC), has on KTR, was undertaken. Absolute numbers of 

CD4
+
FOXP3

+
CD127

lo
CD25

hi
 Tregs were measured and the results are shown in Figure 4.3.2.  

 

 

Figure 4.3.2: Absolute numbers of peripherally circulating Regulatory T Cells (Tregs, 

i.e. CD4+FOXP3
+
CD127

lo
CD25

hi
) in kidney transplant recipients with various 

categories of cancer: Absolute numbers of CD4
+
FOXP3

+
CD127

lo
CD25

hi
 T cell (Tregs) in 

the peripheral blood of KTR determined by flow cytometry: current solid organ cancer (SOC, 

n=14); Current squamous cell carcinoma (SCC, n=21); past SOC/SCC (n=33) represents KTR 

who did not have a current cancer in situ; no cancer represents those KTR who did not have a 

history of SCC or SOC (n=89). Current SOC vs. no cancer (p=0.053) Current SCC vs. no 

cancer (p<0.001) Past SCC/SOC compared to no cancer (p=0.155) using Mann Whitney two 

tailed test. 

 

KTR with current SOC and current SCC had greater numbers of peripheral blood Tregs than 

KTR with no cancer (p=0.053 and p<0.001, respectively). KTR with past cancer had similar 

levels to KTR with no cancer (p=0.155). The next section of this chapter shows the impact 

that various parameters have on Treg and other cell types. 

p<0.001 

p=0.053 

p=0.155 



70 
 

4.3.3 Viral and immunosuppression drug related associations to immune phenotype 

With any heterogeneous cohort, investigation into potential effects of measurable variables 

should be considered. In this section the impact of viral infections, induction therapy and 

immunosuppression regimens were investigated. 

 

4.3.3.1 Infection and immune phenotype 

Cytomegalovirus (CMV) has been shown to increase CD8
+
CD28

-
 T suppressors

206
. It has also 

been shown that KTR with CMV positivity and increased γδ T cells have less cancer
101

. 

These two cell populations along with Tregs were analysed for association to CMV 

seropositivity as determined by routine diagnostic PCR performed by SA pathology, 

Adelaide, Australia. Additionally, Tregs were also analysed to determine any association to 

EBV infection and shown in Figure 4.3.3.1 to Figure 4.3.3.4. 

 

 

Figure 4.3.3.1: CD8
+
CD27

-
CD28

-
 proportion in KTR with and without Cancer and 

CMV status: Proportions of CD8
+
CD27

-
CD28

-
 T cells in KTR with cancer and with CMV 

(n=31) or without (n=15) and KTR with no cancer with CMV (n=23) or without (n=17). 

CMV positivity increased CD8 T suppressors in both KTR with cancer (p=0.016) and KTR 

with no cancer (p=0.010) using Mann-Whitney Two-Tailed Tests. 

* 

* 
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Figure 4.3.3.2: Proportion of γδ T cells (gd T cells) in KTR with and without Cancer and 

CMV status: Proportions of γδ T cells of CD3+ T cells in KTR with cancer and with CMV 

(n=31) or without (n=15) and KTR with no cancer with CMV (n=23) or without (n=17). 

CMV positivity did not change γδ T cells in both KTR with cancer (p=0.308) and KTR with 

no cancer (p=0.385) using Mann-Whitney Two-Tailed Tests.  
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Figure 4.3.3.3: Proportion and numbers of Regulatory T cells in KTR with and without 

Cancer and CMV status: Proportions and numbers of regulatory T cells (Tregs) in KTR 

with cancer and with CMV (n=31) or without (n=15) and KTR with no cancer with CMV 

(n=23) or without (n=17). CMV positivity did not change either proportion of Tregs in both 

KTR with cancer (p=0.086) and KTR with no cancer (p=0.780) or Treg number in KTR with 

cancer (0.124) and KTR with no cancer (0.32) using Mann-Whitney Two-Tailed Tests. 
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Figure 4.3.3.4: Proportion and numbers of Regulatory T cells in KTR with and without 

Cancer and EBV seropositivity: Proportions and numbers of regulatory T cells (Tregs) in 

KTR with cancer and with EBV (n=29) or without (n=8) and KTR with no cancer with EBV 

(n=30) or without (n=6). EBV positivity did not change either proportion of Tregs in both 

KTR with cancer (p=0.373) and KTR with no cancer (p=0.321) or Treg numbers in both KTR 

with cancer (p=0.435) and KTR with no cancer (p=0.135) using Mann-Whitney Two-Tailed 

Tests.  

 

Although there was no difference of CMV seropositivity between KTR groups (Table 3.3.2). 

CD8 T suppressors were increased regardless cancer status (Figure 4.3.3.1) whereas γδ T cells 

did not change (Figure 4.3.3.2). Both CMV (Figure 4.3.3.3) and EBV (Figure 4.3.3.4) 

positivity did not affect Treg proportion or number.  
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4.3.4 Induction therapy and immune phenotype 

Anti-Thymocyte Globulin (ATG) has been shown to affect CD4
+
 Treg proportions, both ATG 

and anti-IL2Ra (IL-2) were analysed to determine associations to CD4 T cells and Treg 

numbers. The 116 KTR were analysed, 12 KTR had ATG induction, 32 KTR had anti-IL-2Ra 

(IL-2) leaving 72 KTR with no induction (nil) as depicted in Figure 4.3.4. 

 

 
 

Figure 4.3.4: The effect induction therapy has on numbers of CD4 and Regulatory T 

cells in KTR: A total of 12 KTR had ATG induction, 32 had anti-IL2Ra induction and 72 

KTR with neither induction therapy. There was no difference between groups using Kruskal-

Wallis testing and upon further analysis, although the median Treg number for ATG induction 

was 19 Tregs/µl and 14 Tregs/µl for those with no induction, this was not significant using 

Mann-Whitney two-tailed tests (p=0.439).  

 

Although ATG had increased Treg numbers compared to those with no induction therapy (19 

Vs. 14, respectively) this was not significant (p=0.439) using Mann-Whitney two-tailed tests. 
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4.3.5 Immunosuppression regimen and immune phenotype 

Although KTR immunosuppression regimens mainly consist of two or more 

immunosuppressive drugs, they are most often based with either calcineurin inhibitors (CNI) 

or mammalian target or rapamycin inhibitors (mTORi). These two are often administered in 

conjugation with anti-proliferatives, either Azathiroprine (AZA) or Mycophenolate (MMF). 

Due to a limitation of patient number, CNIs with mTORi’s were paired as well as AZA with 

MMF. Figure 4.3.5.1 and Figure 4.3.5.2 are both a series of box plots depicting the effect 

these drugs have on the important cell types. 

 

 

Figure 4.3.5.1: Calcineurin inhibitors (CNI) and mammalian Target of Rapamycin 

(mTORi) drug interactions to CD45 count: The immune phenotypes of Kidney Transplant 

Recipients (KTR) on Calcineurin inhibitors (CNI) and mammalian Target of Rapamycin 

(mTORi) based regimens were compared in KTR with cancer and KTR with no cancer. CD45 

lymphocytes, CD45 lymphocyte counts were similar across the groups.  
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Figure 4.3.5.2: Calcineurin inhibitors (CNI) and mammalian Target of Rapamycin 

(mTORi) drug interactions to proportion of FOXP3
+
 CD4 T cells: The immune 

phenotypes of Kidney Transplant Recipients (KTR) on Calcineurin inhibitors (CNI) and 

mammalian Target of Rapamycin (mTORi) based regimens were compared in KTR with 

cancer and KTR with no cancer. There were increases in FOXP3 portions between cancer and 

no cancer. There were also increases in the mTORi groups compared to CNI and KTR on 

neither mTORi nor CNI. 
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Figure 4.3.5.3: Calcineurin inhibitors (CNI) and mammalian Target of Rapamycin 

(mTORi) drug interactions on naïve B cell proportion: The immune phenotypes of Kidney 

Transplant Recipients (KTR) on Calcineurin inhibitors (CNI) and mammalian Target of 

Rapamycin (mTORi) based regimens were compared in KTR with cancer and KTR with no 

cancer. KTR on CNI had similar naïve B cell proportions despite cancer status. However, 

mTORi-based regimens or KTR on neither regimen had decreased numbers and proportions 

of naïve B cells in those KTR with cancer. 
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Figure 4.3.5.4: Calcineurin inhibitors (CNI) and mammalian Target of Rapamycin 

(mTORi) drug interactions CD8 γδ T cells (gd T cells): The immune phenotypes of 

Kidney Transplant Recipients (KTR) on Calcineurin inhibitors (CNI) and mammalian Target 

of Rapamycin (mTORi) based regimens were compared in KTR with cancer and KTR with 

no cancer. CD8+ single positive γδ CD3
+
 T cells were higher in KTR with cancer but 

unaffected by drug regimen.  

 

Despite there being no difference in CD45 lymphocyte count between both 

immunosuppression and cancer status there was an increase in FOXP3 proportion and 

numbers as well as Treg numbers in those KTR treated with mTORi drug-based regimens. 

However, it can also be seen that all Treg parameters were increased in KTR with cancer 

despite drug regimen. Those KTR receiving CNI had similar naïve B cell proportions and 

numbers despite cancer status. However, mTORi-based regimens or KTR on neither regimen 

had decreased numbers and proportions of naïve B cells compared to those KTR with cancer. 

CD8+ single positive γδ CD3+ T cells were higher in KTR with cancer but unaffected by 

drug regimen. NK cells were not different between all groups. 
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Figure 4.3.5.5: Azathioprine (AZA) and Mycophenolate (MMF) drug interactions to 

CD45 count: The immune phenotypes of Kidney Transplant Recipients (KTR) on 

Azathioprine (AZA) and Mycophenolate (MMF) based regimens were compared in KTR with 

cancer and KTR with no cancer. CD45 lymphocyte counts are similar between anti-

proliferative drug use and cancer status, however those KTR not treated with anti-

proliferatives in the absence of cancer had greater numbers of lymphocytes compared to KTR 

on neither anti-proliferatives that also have cancer. Those receiving neither AZA nor MMF 

may be on higher levels of prednisolone doses and therefore may have lymphopenia. 
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Figure 4.3.5.6: Azathioprine (AZA) and Mycophenolate (MMF) drug interactions to 

proportion of FOXP3+ CD4 T cells: The immune phenotypes of Kidney Transplant 

Recipients (KTR) on Azathioprine (AZA) and Mycophenolate (MMF) based regimens were 

compared in KTR with cancer and KTR with no cancer. There were increases in FOXP3 

proportion of CD4 T cells between cancer and no cancer. This is more evident in those KTR 

who are on AZA treatments no anti-proliferatives than those on MMF treatments. 
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Figure 4.3.5.7: Azathioprine (AZA) and Mycophenolate (MMF) drug interactions to 

FOXP3
+
 T cell count: The immune phenotypes of Kidney Transplant Recipients (KTR) on 

Azathioprine (AZA) and Mycophenolate (MMF) based regimens compared in KTR with 

cancer and KTR with no cancer. There were increases in FOXP3 numbers between cancer and 

no cancer. There were also increases in Treg parameters of the AZA groups compared to 

MMF and KTR on neither. This was more evident in those KTR who are on AZA and also 

have cancer. 
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Figure 4.3.5.8: Azathioprine (AZA) and Mycophenolate (MMF) drug interactions to 

Treg count: The immune phenotypes of Kidney Transplant Recipients (KTR) on 

Azathioprine (AZA) and Mycophenolate (MMF) based regimens were compared in KTR with 

cancer and KTR with no cancer. There were increases in Treg numbers between cancer and 

no cancer. There were also increases in Treg parameters of the AZA groups compared to 

MMF and KTR on neither. This was more evident in those KTR who are on AZA and who 

also have cancer. 
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Figure 4.3.5.9: Azathioprine (AZA) and Mycophenolate (MMF) drug interactions to 

CD8
+
 gd T cells: The immune phenotypes of Kidney Transplant Recipients (KTR) on 

Azathioprine (AZA) and Mycophenolate (MMF) based regimens were compared in KTR with 

cancer and KTR with no cancer. CD8
+
 single positive γδ CD3

+
 T cells were slightly higher in 

KTR with cancer but unaffected by drug regimen. 

 

 

It can be seen that those KTR on neither anti-proliferative and have cancer had lower total 

lymphocyte numbers when compared to those KTR with no cancer (Figure 4.3.5.5). However 

as they were not receiving anti-proliferatives they may be on higher levels of prednisolone 

and therefore may suffer from lymphopenia. It can also been seen that all Treg parameters 

were greater in those KTR with cancer despite immunosuppression regimen. Interestingly, 

those KTR with cancer and on AZA had greater Tregs than those KTR with cancer on MMF 

or neither drug regimen. CD8
+
 single positive γδ CD3

+
 T cells were slightly higher in KTR 

with cancer but unaffected were by drug regimen. NK cells were slightly lower in those KTR 

with cancer on AZA-based regimen compared to KTR on AZA-based regimens with no 

cancer. 
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In summary, CD4
+
 FOXP3

+
 proportion and numbers, naïve B cell and CD3

+
CD8

+
γδT cells 

were altered by cancer status. However, it was observed that mTORi and AZA treated KTR 

also had increases in Treg parameters. Additionally, KTR on mTORi or not being treated with 

either mTORi or CNI (neither) had decreased naïve B cells within the KTR group with 

cancer, showing evidence that immunosuppression can alter some of the cancer immune 

phenotype parameters. Furthermore, CD3
+
CD8

+
γδT cells were increased in KTR with cancer 

regardless of immunosuppression regimen and similar between immunosuppression groups.  

 

Sections 4.3.2-4.3.5 provides data of a peripheral blood immune phenotype that associates to 

cancer in KTR (Section 4.3.2) despite viral seropositivity (Section 4.3.3), induction therapy 

(Section 4.3.4) and immunosuppression maintenance (Section 4.3.5).  The next sections will 

provide evidence of the clinical utility of this phenotype, including using it as a tool to predict 

cancer development. 

 

4.3.6 Immune phenotype ability to predict cancer  

KTR with current and past SCC were grouped together to form a group of KTR that have 

higher risk of developing cancer within the 3 year follow-up to make the 49 KTR described in 

Chapter 3: Section 3.2. To prospectively study the predictability that immune phenotype has 

for determining risk of cancer in KTR, Receiver operator characteristic (ROC) curves were 

employed in these 49 KTR. The accuracy and sensitivity/specificity of each cell type’s ability 

to predict cancer onset in KTR with previous SCC (n=49), within 100 days of being 

phenotyped, was measured (Figure 4.6.1). 
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Figure 4.3.6.1: Regulatory T cell (Treg) Receiver Operator Characteristic (ROC) curves 

for the development of Squamous Cell Carcinoma in Kidney Transplant Recipients:  A 

ROC curve for the detection of SCC development in KTR within 100 days of measurement. 

The regulatory T cells (Tregs) ROC with the Area Under the Curve (AUC)=0.78, 

specificity=68% and sensitivity=71% at a trade-off value of 16 Tregs/µl. 

 

A sensitivity/specificity trade-off value of >16 Tregs/µL has a sensitivity of 66% and a 

specificity of 78%, Figure 4.3.6.1. No other cell type or combinations thereof gave increased 

predictability. 
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Figure 4.3.6.2: Memory B cell Receiver Operator Characteristic (ROC) curves for the 

development of Squamous Cell Carcinoma in Kidney Transplant Recipients: A ROC 

curve for the detection of SCC development in KTR within 100 days of measurement. 

Memory B cells curve with AUC=0.68 along with a specificity=85% and sensitivity=56%, 

trade-off of 3 memory B cells/µl.  
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Figure 4.3.6.3: CD8 γδ T cell Receiver Operator Characteristic (ROC) curves for the 

development of Squamous Cell Carcinoma in Kidney Transplant Recipients: A ROC 

curve for the detection of SCC development in KTR within 100 days of measurement. CD8 

γδ T cell curve with AUC=0.64 with specificity=55% and sensitivity=69% at a trade-off value 

of 27 CD8 γδ T cell/µl.  
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Figure 4.3.6.4: Natural Killer (NK) Receiver Operator Characteristic (ROC) curves for 

the development of Squamous Cell Carcinoma in Kidney Transplant Recipients: A ROC 

curve for the detection of SCC development in KTR within 100 days of measurement. NK 

cell ROC with AUC=0.55, a specificity = 38% and sensitivity = 72% at a trade-off value of 

64 NK cells/µl. 

 

In summary, Regulatory T cell number had greater accuracy (AUC = 0.78) than the other cell 

types. The accuracy of the other cell types in descending order; Memory B cell number (AUC 

= 0.68), CD8
+
γδ T cell number (AUC = 0.64) and Natural Killer cell number (AUC = 0.55) 

did not provide any benefit as single parameters or when used with Treg number (data not 

shown). Further investigation found a sensitivity/specificity trade-off of 16 Tregs/µl. To 

determine if those KTR with a history of SCC were above the 16 Tregs/µl threshold 

accumulated SCC at a higher ratio compared to those KTR with a history of SCC below this 

threshold, a Kaplan-Meier SCC-free survival curve and hazard ratios (HR) were developed. 

This was performed using the trade-off value of 16 Tregs/µl as a risk stratifier.  The results 

are shown in Figure 4.3.6.5.  
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Figure 4.3.6.5: Percentage SCC free-survival of dichotomised data: High levels (>16 

Cells/µL) of CD4
+
FOXP3

+
CD127

Lo
CD25

Hi
 Regulatory T Cells (red line) indicate less SCC-

free survival compared to low levels (<16 Cells/µL, blue line). KTR with high levels of Tregs 

have a hazard ratio of 3.4 with 95% confidence intervals of 1.6–7.5 and a log-ranked chi-

squared p-value of <0.01. 

 

Figure 4.3.6.5 shows that KTR with a history of cancer and >16 Tregs/µl had a HR = 3.4 

(95%CI of 1.6 to 7.5) chi squared p<0.01 when compared to KTR with a history of cancer 

with <16 Tregs/µl, thus providing evidence that Tregs (>16 Tregs/µl) themselves have the 

power to predict those at a 3.4-fold increased hazard of developing SCC. However, this data 

cannot predict severity of accumulated SCC tumours and does not seem to diverge or 

dichotomise the data after 100 days of immune phenotyping. 

 

To increase the clinical application, a ROC curve was used to determine if Tregs alone could 

predict the development of high risk SCC (i.e. poorly differentiated lesion, >2mm thickness, 

perineural invasion and invading deep structures beyond the deep reticular dermis layer) in 

KTR with previous SCC (n=49), within 100 days, shown in Figure 4.3.6.6.  
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Figure 4.3.6.6: Regulatory T cell (Treg) numbers as a predictor of high risk squamous 

cell carcinoma of the skin (SCC) in kidney transplant recipients (KTR): A receiver 

operator characteristic (ROC) curve for developing a high risk squamous cell carcinoma of 

the skin after kidney transplant with a previous SCC (n=49) within 100 days of 

CD4
+
FOXP3

+
CD127

lo
CD25

hi
 Treg enumeration in peripheral blood, by flow cytometry. The 

optimal sensitivity-specificity trade-off is at 19 Tregs/µl with Area under the ROC curve of 

0.86 and sensitivity of 80% and specificity of 78%. 

 

The AUC was 0.86 and when using the sensitivity/specificity trade-off of 19 Tregs/µl this test 

had a sensitivity of 80% and a specificity of 78% (Figure 4.3.6.6). This assay now provides 

greater prognostic power as the greater the number of Tregs the more severe the SCC that 

becomes clinically apparent with-in 100 days. This does not answer if the Tregs dynamically 

change due to cancer presence, the next section investigates this.  

 

 

 

 

 



91 
 

4.3.7 Cancer presence and immune phenotype 

There were 9 Kidney Transplant Recipients (KTR) who developed cancer that were also 

immune phenotyped prior to and at diagnosis of cancer, during the course of the study. 

Studying the Treg levels in these patients enables investigation into dynamic changes of Treg 

numbers upon clinical presentation and diagnosis of the tumour, the results are shown in 

Figure 4.3.7.1.  

 

 

Figure 4.3.7.1: Changes in regulatory T cell number in kidney transplant recipients: A 

boxplot (median and range) of changes in enumerated Regulatory T cell numbers in kidney 

transplant recipients’ peripheral blood. Enumerated prior to cancer diagnosis and at cancer 

diagnosis (n=9, p=0.022). 

 

Treg numbers increased from a point in time prior to cancer compared to another time point at 

the diagnosis of cancer (p=0.022, Figure 4.3.7.1). This indicates that Tregs have a dynamic 

upward shift from a point in time until the cancer is diagnosed.  

 

To investigate the impact presence or absence of cancer has on peripheral blood immune 

phenotype, 23 of the 35 (66%) KTR with current cancer were re-immune phenotyped after 

cancer resection, data shown in Figure 4.3.7.2 (Panel A). To measure immune phenotype 

stability, over the same time period there were 18 KTR who were immune phenotyped that 

did not have cancer and who did not develop cancer, that were re-immune phenotyped, the 

data are shown in Figure 4.3.7.1 (Panel B). 

Prior to Diagnosis At Cancer Diagnosis 

p=0.022 
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Panel A: KTR with resected cancer 

 
Panel B: KTR with no cancer, observed over two time points 

 
Figure 4.3.7.2: Immune phenotypes of Kidney Transplant Recipients with or without 

cancer over two time points: Boxplots (median and range) changes in cells type with 

resection of SCC or SOC (Panel A, n=23) or over two observations of stable KTR (Panel B, 

n=18). Left hand boxplot represents cell value at the time of cancer diagnosis or the first 

observation (Obs. 1) and right hand side represents the value after resection or at the second 

observation (Obs. 2). Prospective follow-up between time points for cancer patients were 

median (IQR) of 6 (1.5-14) months compared to stable KTR median (IQR) of 12 (3-16) 

months.  

 

After SCC or SOC resection (n=23); Treg, NK cell and γδ T cell number fell significantly (all 

p<0.01, Figure 4.7.2), in comparison to KTR with no SCC development (n=19) where 

immune phenotype was stable with prospective follow-up (Figure 4.7.2). To control for 

surgical resection, KTR with resected Basal Cell Carcinoma (BCC) were also investigated as 

seen in Figure 4.3.7.3.  
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Figure 4.3.7.3: Lesion Resection of post-biospy proven BCC tumours. 

Boxplot of enumerated regulatory T cell number of Kidney Transplant Recipients (n=12) that 

had suspect lesions removed that were subsequently re-classified as Basal Cell Carcinoma 

(BCC) tumours.  

 

Those KTR (n=12) with suspected malignant lesions, who later had histologically classified 

BCC also had low levels of Treg (<19 Tregs/µL) and after resection their Tregs remained 

static (Figure 4.3.7.3).  

 

4.4 Discussion 

Previous studies have investigated if immune cells associate with cancer in KTR
103, 104, 205

. In 

these studies the majority of KTR investigated underwent ATG induction therapy and 

pronounced CD4 lymphopenia was observed. The conclusions from both studies indicated 

that CD4 lymphopenia associated with cancer but did not determine if the CD4 lymphopenia 

was ATG- or de novo cancer induced. Additionally, there was no CD4 cell threshold that 

could accurately predict cancer. In this thesis, more KTR with cancer used ATG than KTR 

with no cancer and only 17% of KTR underwent ATG induction. When investigating ATG 

usage and cancer status effect on CD4 count, there was no difference in CD4 count between 

all cancer groups (p=0.062) as seen in Table 4.3.4.1. The 3 studies showed that CD4 counts 

<400-600 CD4 cells/µl had an association to cancer. Our medians were of 790, 510 and 

800cells/µl, for KTR with current, past and no cancer, respectively. This data indicates that 

CD4 lymphopenia is associated with ATG induction therapy rather than cancer status in KTR. 
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When the same studies compared CD8
+
 T cells and CD19

+
 B cells in KTR with SOC to KTR 

with SCC, there were greater differences in KTR with SOC than SCC
104

. The study reported 

here did not find any differences in CD8 counts in KTR with current, past or no cancer having 

430, 440 and 380cells/µl, respectively. There was also no difference in overall CD19
+
 B cell 

counts, 49, 40 and 59cells/µl, respectively. Our numbers are similar to other studies; 543 Vs. 

650 CD4 cells/µl, 640 Vs. 435 CD8 cells/µl, 52 Vs. 41 CD19 cells/µl when comparing KTR 

with cancer between a reported study to this study, all data shown in Table 4.3.4.1.  

 

A more recently performed study investigated the use of immune phenotype to predict SCC 

development in KTR at risk of multiple SCC
141

. This study provided evidence that sub-types 

of immune cells associate to SCC and can predict SCC development, namely, increases in 

CD4
+
 Regulatory T cells and CD8

+
 T suppressors with decreases in CD8

+
 T central memory, 

and Natural Killer cells. This study, reported here, showed an increase in Tregs but not CD8 T 

suppressors, when comparing KTR with cancer against those KTR with no cancer: median 

value of 16 Vs. 8 Tregs/µl and 206 Vs 120 CD8 T suppressors /µl, respectively.  Furthermore, 

this study showed no difference in CD8
+
 central memory T cells and Natural Killer cells, 

when comparing KTR with cancer against KTR with no cancer. Therefore, this data, in part, 

validates previous studies which showed that high regulatory T cells (Tregs) and low Natural 

Killer (NK) cells associate with SCC in KTR based in the United Kingdom (UK)
141

. The UK 

cohort was older, had longer exposure to immunosuppression and was primarily treated with 

Calcineurin inhibitors (CNI), Azathioprine (AZA) and steroid free based immunosuppression 

regimens. What this study also showed was a difference in immune phenotype with those that 

had Cytomegalovirus (CMV) and prednisolone usage, warranting investigation into viral 

seropositivity and immunosuppression usage.  

 

CMV was shown to increase CD8 T suppressor cells which also have been shown to be 

increased in cancer patients. Additional data indicated that CMV positivity increases γδ T 
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cells
101

. The same study showed that CMV seropositivity provides protection from cancer 

development. Our study showed no difference in CMV infection between those with cancer 

and those without (68% vs 48%, Chi-Squared p=0.140, Chapter 3: Section 3.3: Table 3.3.2), 

additionally we showed KTR with cancer have increased CD8
+
CD4

-
 γδ T cell numbers = 33 

vs 24 cells/µl, respectively. The data in this chapter showed an increase in CD8 T suppressors 

in CMV seropositive KTR (Figure 4.5.1.1) but no difference in γδ T cell numbers and CMV 

seropositive KTR (Figure 4.5.1.2). Additionally, neither CMV nor EBV positivity affected 

Treg, γδ T cell or B cell proportion or numbers. The only association to immune phenotype 

we found was that CMV seropositive KTR had increased the CD8
+
CD27

-
CD28

-
 parent 

population (p<0.02) which we also observed in the UK study and has been previously 

reported
206

. The contradictory data between CMV infection, cancer status and γδ T cells, 

indicates further investigation is needed to dissect the mechanism behind the observations. 

 

A new finding in this current study showed that SOC and SCC are associated with high 

number and proportion of CD8 single positive γδ T cells (i.e. CD8
+
CD4

-
 CD3

+
 γδ T cells). 

The function of γδ T cells are, when compared to αβ T cells, poorly understood but are 

involved in mucosal, anti-viral and anti-cancer immunity 
207, 208

. In addition, a high proportion 

of γδ T cells is associated with operational tolerance in liver transplant recipients 
209

. Early 

data suggested that CD8
+
γδ T cells have been shown to be cytotoxic compared to CD4

+
 

counterparts
210

. In animal models of mucosal immunity, Tregs impair CD4
+
γδ T cell function 

211
. In renal cell cancer high number of γδ T cells portent good prognosis 

212
. Conversely, γδ T 

cells and the Vδ2
neg

γδ T cell sub-population have been shown to be reduced in KTR with 

cancer, especially in CMV positive KTR 
101

. The KTR in our cohort with SOC (n=14) who 

survived (n=6) had a higher number of total γδ T cells (i.e. CD3
+
γδ T cells) compared to those 

who died of their malignancy (p=0.110, data not shown), they also had less aggressive disease 

at presentation. However, we found no association of CMV status on CD3
+
γδ T cells or 

cancer status. We showed that KTR with cancer have a non-statistically increased proportion 
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of γδ T cells in the CD3 portion of lymphocytes, whereas Couzi. et. al. showed γδ T cell 

proportion of lymphocytes are decreased in lymphocyte gate
101

. This signifies a different 

population of γδ T cells are being studied between groups. Additionally, the adjusted logistic 

regression models (Table 4.3.2.3) and cancer resection data (Figure 4.3.7.2 Panel A) show γδ 

T cells associate with age, gender and/or duration of immunosuppression and may be 

influenced by cancer tissue presence. Additionally, there was a difference in age, duration and 

type of immunosuppression between studies and therefore may account for these differences. 

However, given we have shown γδ T cells numbers are dynamic around cancer resection it 

may be that the differences between studies reflects the timing of sample collection.  

 

Investigation into NK cells showed that there wasn’t any association between low NK cells 

and SCC development. It has been shown that AZA preferentially depletes NK cell number 

and impairs function
213

 
214

. Therefore the predominance of Mycophenolate (MMF) as 

opposed to AZA in the drug regimen of the current cohort may explain this difference in 

immune phenotype than in other previously published papers
102-104

. NK cell number in 

Australian KTR, irrespective of cancer status, was higher than their comparators in the UK. 

However NK cell numbers decrease with age
161

 
215

 and the UK cohort were older than the 

Australian cohort. Furthermore, when correcting for age and gender there was no association 

with use of AZA on NK cell parameters in our cohort (Unadjusted p= 0.797, Adjusted for 

AZA use p= 0.224). 

 

When investigating B cells, cancer patients had lower overall B cells, with a compartmental 

shift from naïve to memory. It is known that naïve B cells decrease and memory B cells 

increased with age
216

 and could be a sign of B cell immune senescence. Indeed, operationally 

tolerant KTR not taking any immune suppression have increased memory B cell subtypes, 

compared to stable KTR on CNI based regimens 
217

 
218

. Although the confounders of age, 

gender and duration of immunosuppression were taken into account, complex drug regimens 
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could not. However CNI usage, dosage and levels were the same between groups. Also Tregs 

themselves have direct and indirect abilities to suppress IgG production by giving apoptotic 

signals to B cells in vitro and in vivo 
219

. This data suggests that we may be seeing an effect of 

a greater number of Tregs in an aging population. Additionally, this could explain why we 

observe that cancer is affecting the B cell compartmentalisation by adjusting the proportions 

of the cells but does not affect total numbers. B cell numbers did not change after cancer 

resection (data not shown). A recently described B cell sub-type with the regulatory ability by 

forming ATP catabolites utilising the CD39 and CD73 ectonucleotidase pathway 
220

 and may 

play a role in cancer. We measured this novel regulatory B cell (Breg, 

CD19
+
CD21

+
CD39

+
CD73

-
) in a limited cohort consisting of 35 KTR (23 KTR with cancer 

and 12 KTR with no cancer). There are higher proportions of Bregs in KTR with cancer but 

this did not reach significance (p=0.18). Additionally, the adenosine formation by high levels 

of CD73 expression is vital in IgG/A class-switching 
118

 and could be a reason to why we do 

not see large amounts of IgG
+
 B cells in our cohort and inversely see IgD

+
 accumulation.  

 

High Treg, CD4
-
CD8

+
γδ T cells and memory B cell proportions predicted SCC development 

in KTR with a previous SCC. However Treg number was the best predictor and there was no 

additive benefit of adding CD4
-
CD8

+
γδ T cells as in the most part they co-segregated with 

Treg. Such co-segregation has been found within tumour tissue 
221

. When comparing any 

SCC development vs. high risk SCC development the AUC of the ROC increased. This 

suggests high Treg number has a strong association with cancer progression and is more 

helpful in predicting aggressive SCC development. Tregs alone can stratify risk in these KTR 

and may provide us a means to identify patients at risk of developing cancer for increased 

dermatological review, preventative treatment, and possible immunosuppression dosage 

manipulations.  
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The current study shows that absolute numbers of Tregs were higher in those with current 

SOC or SCC compared to KTR with no current cancer. These data are consistent with the 

literature showing increased Treg numbers portend poor prognosis in non-immunosuppressed 

populations with cancer 
222

. Additional markers, such as HELIOS, may identify Treg induced 

by tumour tissue or Treg with enhanced suppressive ability 
119, 223

. We found that a median of 

84% of Tregs expressed HELIOS (Figure 4.3.1). Although this is higher than reported for 

healthy controls (70%) there was no difference between KTR groups
224

. Therefore using an 

objective Treg gating strategy, the majority of Treg in this study are naturally occurring Treg 

(nTreg) rather than induced Treg (iTreg) depicted in Chapter 2: Figure 2.3.2.1. Though the 

premise that Helios only defines nTreg is currently under debate 
119, 223

 nonetheless, it may 

provide evidence of in vivo activated Tregs.  

 

Two studies have shown that ATG induction reduced CD4 T cell numbers by approximately 

half while increasing Treg proportion by 2-fold, within the first 6-12 months post-transplant 
69

 

70
 indicating a rebound of Treg, rather than an induction 

225
. In our study investigating 

immune phenotype more than 10 years after ATG use, CD4 T cell and Treg parameters were 

not statistically different between ATG users and non-users: CD4 T cell median cell count 

(452cells/µl Vs. 682cells/µl, p=0.534); Treg numbers (25 Tregs/µl Vs. 16 Tregs/µl, p=0.223). 

 

Finally we assessed whether immune phenotype changes with presence or resection of tumour 

tissue. These data do not encompass the entire current cancer groups as not all KTR were able 

to be followed at both the time of cancer diagnosis and at follow-up. Primarily this relates to 

those KTR who were diagnosed with late stage disease and died within 30 days of diagnosis. 

We have data of 9 KTR who were immune phenotyped prior to cancer development and at 

cancer diagnosis; it was observed that Treg numbers do significantly increase when tumours 

become clinically apparent (Figure 4.3.7.1).  
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After SOC/SCC resection the numbers of Treg, NK cell and γδ T cell fell significantly. This 

was compared to the immune phenotype in those KTR who did not develop any type of 

cancer, which is stable over time. In those KTR where resection was performed for clinical 

suspicion of SCC but histology characterised benign lesions (n=12), the Treg numbers were 

<19 cell/µL (Figure 4.3.7.3). Furthermore, the Tregs did not change after BCC resection 

(Figure 4.3.7.3), indicating that a malignant SCC or SOC in particular is informing the 

peripheral blood and that general skin surgery does not affect Treg levels.  

 

With regards to other factors that may alter immune phenotype, mTORi are shown to increase 

Treg numbers regardless of cancer status (Figure 4.3.5.2) and those on CNI with cancer have 

less Treg numbers than those on mTORi or not on either (Figure 4.3.5.2). These data align 

with literature, were Tregs are seen to increase in patients that have been converted from CNI- 

to mTORi-based regimens. It also seems that AZA treated KTR have increased Tregs when 

compared to those not on AZA, however these patients (n=17) would be older and may be on 

mTORi that could be effecting the results.  

 

 

In conclusion, this is the first time that immune phenotype has been shown to associate with 

the development of SOC in KTR. Secondly, immune phenotype in KTR with cancer is 

dynamic and resection of SOC or SCC results in decreases of Tregs, NK cells and CD4-

CD8+γδ T cells in peripheral blood. Larger studies will be required to determine whether 

failure of these cell types to fall after cancer resection will predict recurrence. We have shown 

that Treg monitoring can predict the development of high risk SCC and allow us to identify 

KTR who may benefit from increased dermatological review, preventative treatment and 

possible immunosuppression dosage manipulations. The latter will only be possible if there is 

empirical evidence to suggest it can be done without impairing graft function. This will be 

investigated in subsequent chapters of this thesis.  
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Chapter 5: Immune Cell Function  

5.1 Introduction 

Kidney Transplant Recipients (KTR) with cancer have been shown in Chapter 4 and in 

previous studies to have a different immune phenotype to KTR without cancer
101-104, 141

. KTR 

with cancer have increased numbers and proportions of Regulatory T cells (Tregs) and 

decreased numbers and proportions of Natural Killer (NK) cells
141, 226

. However, the immune 

system’s effectiveness cannot be gauged by cell numbers and proportions alone; this chapter 

investigates the immune function of KTR with cancer.  

 

It has been shown that Tregs isolated from tumour tissue and the peripheral blood of cancer 

patients have higher suppressive function than Tregs from the blood of normal donors
143, 227, 

228
 . Importantly, the stage and grade of Head and Neck Squamous Cell Carcinoma (HNSCC) 

are associated with greater numbers and greater suppression capacity of the Tregs on a cell-

per-cell basis than healthy controls
229

  and, as such, also associate with poor cancer 

prognosis
228

.  

 

Chapter 1 introduced how Calcineurin Inhibitors (CNI) regimens are associated with reduced 

numbers and proportions of Tregs and how mammalian Target of Rapamycin inhibitors 

(mTORi) maintain these Treg parameters
196, 230

. Furthermore, Chapter 4: Section 4.3.5 

showed that Tregs numbers and proportions are increased by mTORi usage in KTR with no 

cancer and CNI usage decreases Tregs in KTR with cancer. A proposed mechanism is CNI’s 

ability to reduce Nuclear Factor of Activated T cells (NFAT), decreasing production of IL-2 

which is vital for function and homeostasis, in mice
231

. Molecular interactions between NFAT 

and FOXP3 show that NFAT acts as a molecular switch between immune stimulator and 

immune regulator, thus down regulation decreases FOXP3 expression and FOXP3’s ability to 

form these regulatory complexes
230, 232

. Additionally, FOXP3 mRNA transcription was 

decreased in CNI treated PBMC compared to Rapamycin in an allo-stimulated mixed 
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lymphocyte reaction
233

. There is also an inverse correlation to CNI level and Treg function
234

. 

Differing results may be due to blood handling; blood from KTR on CNI had decreased 

FOXP3 expression >2 hours of venesection and this may affect Treg function. Therefore, 

Tregs need to be isolated within this time to accurately determine Treg function. 

  

Tregs promote cancer survival whereas NK cells have anti-cancer abilities. The function or 

dysfunction of NK cells plays an important role in the apoptosis of pre-cancer and cancerous 

cells. Patients with genetically (MCM4 or GATA2 mutations) related NK cell deficiencies in 

either number or function, have increased risk of infections, in particular: Herpes viruses, 

Human Papilloma Virus (HPV), Cytomegalovirus (CMV) and Epstein Barr Virus (EBV) 

(reviewed elsewhere 
235

).   

 

NK cells are large granular lymphocytes that lack the CD3 T cell complex. They function by 

identifying and spontaneously causing apoptosis in cancerous and infected cells without prior 

antigen presentation 
150, 236

. The identification process requires abnormal cells to display stress 

signals such as down-regulation of “self” surface proteins: Major Histo-incompatibility 

Complex (MHC) class I and regulatory Killer cell immunoglobulin-like receptors (KIR) 
152, 

153, 237
. The down regulation of MHC-I, reduces the effectiveness of cytotoxic CD8+ T cells 

and adaptive immune responses but makes the cells more sensitive to NK and innate immune 

responses
238

. Once an NK cell identifies this down-regulation, it binds and activates, 

expressing a type II transmembrane glycoprotein CD69 and other surface markers of 

activation
239

. Internal granules locate to the immune synapse that is created between the NK 

cell and the target cell and the effector molecules (perforin, Tumour Necrosis Factor-α (TNF-

α), granzymes and interferons) are released into the synapse and onto the target cell. Upon 

degranulation, Lysosome-Associated Membrane Protein 1 (LAMP-1, CD107a) is exposed on 

the surface of the NK cell
153

. The released perforin creates pores in the target cell membrane 

through which granzyme B can enter the target cell and initiate apoptosis via the caspase 
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kinase pathway. Therefore there are several ways to measure NK cell activity including: 

CD69 up-regulation in the activation stage, CD107a in the effector stage, release of cytokines 

(perforin, granzyme B, interferon γ) in the killing stage, and total cytolysis of the target cells.  

 

Cancer cells have greater metabolic demands than normal cells
240

, utilising glycolysis and 

lactate pathways, via Lactate Dehydrogenase (LDH), causing an 18-fold increase in glucose 

utilisation, even under aerobic conditions
241

. This LDH can be measured as a cytotoxic assay 

(first described in 1988
242

). Additionally, in in vitro assays, NK cells undergo apoptosis when 

they are exhausted from their last kill. Recently, it has been shown that the loss of NK cells 

from an in vitro assay with a set number of NK cells, can relate to the amount of target cells 

killed. This loss has been termed “target induced NK cell loss” (TINKL). These two assays 

have been chosen for clinical application. LDH is a single platform, self-contained, non-

radioactive, sensitive assay that can be used in any laboratory. TINKL is a flow-based assay 

that can be readily implemented in clinical flow laboratories.  

 

It is widely accepted that NK cell function is decreased in cancer patients however it is not 

reported if KTR with cancer have further reduced NK cell function. The effect 

immunosuppression has on NK cells have been investigated both in vitro and in vivo
243, 244

. 

Immunosuppressive drugs: AZA, MMF, CNI, and prednisolone all have individual effects. 

These effects depend on the how the NK cells are stimulated and how NK function is 

measured. One particular study showed only a decrease in NK function in short-term KTR 

compared to healthy controls, which as not observed in long term KTR
243

. Both IFN-γ and 

CD107a expression have been shown to decrease when NK cells were co-cultured in the 

presence of clinically relevant concentrations of a variety of immunosuppressive drugs
244

. 

This chapter focuses on both Treg and NK cell function from the patients outlined in Chapter 

3: Section 3.5 using the methodologies from Chapter 2: Section 2.5. 
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5.1.1 Chapter Aims: 

1) To utilise Carboxyfluorescein diacetate succinimidyl ester (CFSE) dilution assay in 

PBMC, a laboratory standard, to show differences in Treg suppressive function of KTR. 

2) To determine utilisation of CD154/CD40L suppression of expression assay, a short 

duration assay, for Tregs from KTR and compare to CFSE results. 

3) To investigate any differences in NK cytotoxic function in KTR with current cancer 

compared to those with a past cancer or those with no cancer. 

 

5.1.2 Chapter Hypotheses: 

1) The CFSE dilution assay will determine that Tregs from KTR with cancer have greater 

suppressive function that Tregs from KTR with no cancer. 

2) The CD154 suppression of expression assay will correlate to CFSE dilution suppression 

assay and provide a quicker, more cost effective alternative to CFSE. 

3) The NK function of KTR with cancer or a history of cancer will be dysfunctional 

compared to those KTR with no history of cancer. 

 

5.2 Chapter Methods: 

All regulatory T cell techniques were performed on fresh samples as cryopreservation has 

been shown to decrease function in expanded Tregs
245

 and cytokine profiles
200, 246, 247

 . 

 

5.2.1 Carboxyfluorescein diacetate succinimidyl ester (CFSE) dilution assay 

CFSE is an amine dye that is drawn into cells and forms fluorescent protein that conjugates 

upon deacetylation. The cells are stimulated and upon doubling, reduce fluorescence 2-fold as 

the amine concentration is halved with the daughter cell. Therefore, a dilution is a 

measurement of the cells that have proliferated. With the addition of Tregs, this dilution is 

decreased and it is this proportional decrease compared to the (unsuppressed) positive control 

that is measured. With the aim of determining overall Treg function, a bead coated with anti-
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CD3 and co-stimulatory anti-CD28 antibodies was used to pan-stimulate the reacting T cells. 

This will enable a broad-spectrum or bystander regulatory response. The CFSE dilution was 

measured as total proliferation as seen in Figure 5.2.1. 

 

    A) No stimulation control 

 
B) –Tregs      C) + Tregs 

 
Figure 5.2.1: CFSE dilution pattern with Tregs at 1:4 ratio: Histogram plots of CFSE 

dilution from CD3
+
 FACS events from CFSE stained healthy indivdual PBMC stimulated by 

CD3/CD28 beads. A) unstimulated PBMC, B) no regulatory T cells (Tregs) and C) Kidney 

Transplant Recipients (KTR) tregs added at Treg:responder cell ratio 1:4.  

 

The suppression of CFSE expression is measured as;  

[(CFSE% of graph B - CFSE% of graph C) / CFSE% of graph B] x 100 

The results were expressed as a percentage, with percentages below 0% classed as 0%. 

 

 

[CD3]

CFSE-A

C
o
u
n
t

-10
2
-10

1
10

2
10

3
10

4
10

5

0

1711

3422

5132

6843

0.28%



105 
 

5.2.1.1 Optimising bead to responder cell Ratio 

When stimulating PBMC it is important to induce the greatest range of proliferation with the 

lowest concentration of beads. The stimulation needs to be strong enough to be able to 

delineate any differences between regulatory ability but not too strong and not able to be 

suppressed. Previously, a bead to cell ratio of 1:4 was used for the CD154 suppression of 

expression assay
195, 248

. As this is an 8 hour assay and the CFSE is a 5 day assay, it was 

determined that the highest bead concentration to use would be 1:8 and a titration of 2-

foldwould be investigated, depicted in Figure 5.2.1.1.   

 

Figure 5.2.1.1: Optimising assay stimulation: A bar graph depicting median (range) of 4 

experiments performed on 1 healthy individual’s PBMC. The titration of beads gave a titrated 

stimulation of 95%, 91% 81% and 0%, respectively, p=<0.001 using a paired parametric 

ANOVA.   

 

The individual used in this experiment remained consistent as the responder for the rest of this 

chapter. The bead:cell ratio of 1:8 (half that recommended) was chosen as 1:16 had a 

statistically reduced level of stimulation and 1:32 had further reduced proliferation.  
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5.2.1.2 Optimising regulatory T cells (Treg) to responder cell ratio 

To determine optimal Treg ratio, induced Tregs (iTregs) from naïve T cells where used. The 

responding PBMC were stimulated with 1µg/ml of CD3/CD28 antibodies for a 5 day period. 

Naïve CD4+ T cells were isolated from 3 healthy donor buffy coat PBMCs using Naive 

CD4+ T cell Isolation Kit II for human cells. Naïve CD4
+
 T cells were stimulated with 

monocyte derived Dendritic cells (mDCs), IL-2 and TGF-β for 5 days. These mDC are 

matured from CD14 negative selected monoyctes and placed in T25 culture flasks. With the 

addition of GM-CSF and IL-4 for a period of 4 days followed by LPS for another day, the 

monocytes mature to form mDCs. Once the iTregs were induced they were placed in the 

aforementioned CFSE assay and run at Treg to cell ratios 1:2, 1:4, 1:8, 1:16 and 1:32, 

depicted in Figure 5.2.1.2. 

 

Figure 5.2.1.2 Induced Treg suppression titration: A line graph depicting the titration of 

induced regulatory T cells (iTreg, n=3) to responder cell ratios ranging from 1:2 down to 

1:32. The data shows the mean percentage suppression of CFSE dilution at each ratio with 

standard deviation. 

 

In summary, The Treg: Responder ratio of 1:8 gave the largest difference. However the 

median value was 42% suppression and, with the hypothesis of Tregs in KTR with cancer 

having greater suppression, the ratio 1:4 was chosen for experiments with KTR Tregs. 
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5.2.2 CD154 suppression of expression assay 

Upon T cell receptor stimulation, costimulation molecule CD154 (CD40L) is expressed on 

the cell surface. CD154/CD40L binds to CD40 on APC’s (mainly B cells) and provide co-

stimulation to proliferate. It has been shown that CD154/CD40L suppression of expression is 

a surrogate marker for cell proliferation
195, 248

. Additionally, there is no expression of CD154 

on resting naïve CD4 T cells. This is due to the transient expression of CD154 which has a  

peak expression at 6-8 hours after activation
248

. All magnetically isolated CD4
+
CD25

-
 naïve T 

cells had greater than 95% purity before use in the assay, as measured with flow cytometery 

(data not shown). All isolated cells did not express CD154 at baseline level, represented in 

Figure 5.2.2.1 (A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 
 

5.2.2.1 Gating of CD154 in the CD154 suppression of expression assay 

As mentioned, CD154/CD40L is not expressed on resting cells and this can be seen in the top 

plot of Figure 5.2.2.1. However, on stimuation there was an increase in CD154 expression to 

41%, Figure 5.2.2.1 (B). With the addition of KTR Tregs, a reduction in CD154 expression 

was measured, a representative plot is depicted in Figure 5.2.2.1 (C). 

A) No stimulation control 

 

B) –Tregs      C) + Tregs 

 

Figure 5.2.2.1: CD154 suppression of expression with naturally occurring regulatory T 

cells (nTregs) at 1Treg:4 responder naïve CD4
+
 T cells: Histogram plots of CD154 

suppression of expression in CD4
+
CD25

-
 FACS events from healthy indivdual isolated 

CD4
+
CD25

-
 naïve T cells. The top plot is unstimulated PBMC, the bottom two plots are 

stimulated by CD3/CD28 beads. The bottom left plot is with no regulatory T cells (Tregs) and 

the bottom right plot is with KTR tregs added at Treg:responder cell ratio 1:4. 

 

The suppression of CD154 expression is measured as;  

[(CD154% of graph B - CD154% of graph C) / CD154% of graph B] x 100  

The results were expressed as a percentage, with percentages below 0% classed as 0%. 
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5.2.3 Lactate Dehydrogenase (LDH) release assay 

NK cell killing can be measured by using a cancer cell line K562 which lacks MHC-class I on 

its cell surface. Technically the gold standard of NK cell function, is a chromium release 

assay. This assay involves 
52

Cr radioactive isotope labelling of the K562. An alternative 

method is measurement of Lactated dehydrogenase (LDH) released from the lysed K562 

cells. The LDH converts a colourless solution of Tetrazolium salt to Red Formazan which can 

be quantitated by optical density (OD) readings from a photospectrometer at 490nm. The 

reaction is uninhibited and needs to be stopped by decreasing pH with acetic acid. 

 

Cytotoxicity is measured by the OD490 of: 

[(PBMC+K562 – PBMC alone – K562 Alone) / (K562 Max Lysis – K562 Alone)] x 100 

The results were expressed as a percentage, with percentages below 0% classed as 0%. 
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5.2.3.1 The effect of cryopreservation on Lactate Dehydrogenase (LDH) release analysis 

Cryopreservation may potentially impact cell function, and if intended to be used for cell 

storage, then it is important to measure if cryopreservation impacts NK cell function. Both 

healthy control and KTR PBMC were cryopreserved as per protocol outlined in chapter 2: 

Section 2.2.1. Measurements of LDH release were taken from 4 healthy controls and 8 KTR 

from fresh PBMC and compared post-cryopreserved PBMC.  

 

5.2.3.1.1 Lactate Dehydrogenase (LDH) release measured in freshly isolated and thawed 

peripheral blood mononuclear cells (PBMC) from Healthy Controls: A line plot of paired 

LDH released from PBMC isolated from 4 Healthy Controls run fresh and again after 

thawing. The LDH values were similar despite cryopreservation, p-value=0.250, using a 

paired non-parametric Wilcoxon test. 

 

It can be seen in Figure 5.2.3.1.1 that healthy control PBMC lysis of K562 is not affected by 

cryopreservation. This test was run again in KTR to determine if there are any detrimental 

effects on KTR PBMC after cryopreservation and the results can be seen in Figure 5.2.3.1.2 
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5.2.3.1.2 Lactate Dehydrogenase (LDH) release measured in freshly isolated and thawed 

peripheral blood mononuclear cells (PBMC) from Kidney Transplant Recipients: A line 

plot of LDH release from a co-culture of K562 with PBMC from 8 Kidney Transplant 

Recipients (KTR), run fresh and again after thawing. The LDH values were increased by 

cryopreservation, p-value=0.156, using a paired non-parametric Wilcoxon test. 

 

It can be seen that PBMC have increased K562 cell lysis after cryopreservation. 
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5.2.3.3 Effect of anticoagulant used on Lactate Dehydrogenase (LDH) Release 

There is evidence that anticoagulants effect the activation of lymphocytes and it is very 

important to determine if the anticoagulant may impact the cell function of the given assay
249, 

250
. Lithium Heparin (LiHep) and Ethylenediaminetetraacetic acid (EDTA) tubes are the two 

main anticoagulants used in our blood collection centre. EDTA is a metal ion chelating agent 

that may affect calcium dependent activation such as CD69 expression
251

. With this 

knowledge we tested to see if EDTA would affect NK cytotoxic function. Figure 5.2.3.3  

 

Figure 5.2.3.3: The effect of anti-coagulant on lactate dehydrogenase (LDH) release: A 

line graph depicting LDH release from a co-culture of K562 and PBMC from 3 Kidney 

Transplant Recipients (KTR) run from PBMC’s isolated from EDTA and LiHep anti-

coagulated blood. The results are similar, p=0.426 using a paired non-parametric Wilcoxon 

U-test.  

 

This indicates that there was no difference in NK cytotoxicity using EDTA or LiHep as the 

anticoagulant at any of the three measured PBMC:K562 ratios of 20:1, 10:1 and 5:1. 
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5.2.3.4 Co-Culture incubation time 

According to the manufacturer’s procedures a 4hr incubation is used to measure LDH release. 

However, the TINKL protocol requires a 6hr incubation period. Because these assays were to 

be used in tandem, measurement of LDH release from both 4hrs and 6hrs was investigated. 

Using 4 healthy control PBMC, it can be seen there is no difference using a 4 or 6 hour 

incubation period, p=0.625, Figure 5.2.3.4.  

 

Figure 5.2.3.4: Lactate dehydrogenase release (LDH) release measured after 4 or 6 hour 

incubation: A dot plot of LDH release from a co-culture of K562 with 4 healthy control 

Peripheral Blood Mononuclear Cells (PBMC) over a 4 and 6 hour time period. Results were 

paired and analysed using a non-parametric Wilcoxon U-test. There is no difference in LDH 

release at 4 or 6 hrs, p=0.625. 

 

The previous experiments established that anticoagulant, cryopreservation and incubation 

time did not affect NK function. However it is known that KTR have decreased NK cell 

numbers. Thus, before investigation into the impact cancer has on NK cell function in KTR, 

the correct ratio of effector to target cells was investigated. 
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5.2.3.5 Peripheral blood mononuclear cell (PBMC) to K562 Target cell ratio 

With literature evidence of decreased NK function under immunosuppression
243, 244

, and with 

the hypothesis that NK cell function will be decreased in KTR with cancer, the ratio of 

PBMC:K562 target cells was run double the manufactures’ recommendation and titrated 

down 2 additional ratios in 5 healthy controls and 3 KTR as seen in Figure 5.2.3.5. 

 

Figure 5.2.3.5: Lactate dehydrogenase release (LDH) measured at three different ratios 

of Peripheral Blood Mononuclear Cell (PBMC): K562 target cells: A box and whisker 

plot of the median (range) LDH release of 5 healthy controls and 3 Kidney Transplant 

Recipients (KTR) from a PBMC/K562 co-culture assays. The PBMC were titrated at PBMC: 

K562 target cell ratios of 20:1, 10:1 and 5:1. Median values between 10:1 compared to 20:1 

was 17% Vs 25% and difference in range was 24% Vs. 46% when comparing 10:1 Vs. 20:1. 

 

In summary, the LDH assay can be run using freshly isolated or cryopreserved PBMC from 

EDTA or Li-Hep anticoagulated tubes. Additionally, the LDH assay can be run for an 

incubation period of 4 or 6 hours, at a PBMC:K562 ratio of 20:1, in healthy controls. Even 

though the LDH assay is affected by cryopreservation in KTR, LDH release is increased. This 

could be due to a variety of mechanisms including; loss of immunosuppressant effects; loss of 

a suppressive cell population; and/or cell mediators during the freeze thaw process. 
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5.2.4 Target Induce NK cell Loss (TINKL) Assay 

In vitro co-cultures of NK cells and NK sensitive target cells (K562), lead to K562 lysis. 

Upon release from killing, the NK cell can undergo apoptosis itself. This apoptosis and loss of 

NK cells numbers associates to the amount of target cells killed as measured by 
51

Cr release. 

This has been termed “target induced NK cell loss” or TINKL 
252

. However, it is not known if 

immunosuppression affects TINKL. 

 

5.2.4.1 The effect of cryopreservation on TINKL analysis 

The original TINKL assay is described for use in fresh, overnight rested PBMC for handling 

and time constraint purposes. This section investigated the use of cryopreservation for batch 

processing and clinical study purposes. The optimisation is mainly driven by the ability to 

simultaneously investigate the LDH release from the same PBMC:K562 co-cultures as 

TINKL analysis. Furthermore, cryopreservation enables the use of the same cells in other 

assays outlined in Chapter 6. Healthy control PBMC were used to determine the effects of 

cryopreservation and the results are depicted in Figure 5.2.4.1.1.  

 

Figure 5.2.4.1.1: Target Induced NK Cell Loss (TINKL) measured in fresh and frozen 

samples from Healthy Controls: A Line graph depicting TINKL from co-cultures of 

PBMCs from 4 Healthy Controls and K562s. The samples were run fresh and again after 

cryopreservation. There was no difference when using fresh or frozen PBMC, p=0.875 using 

a non-parametric paired Wilcoxon test. 



116 
 

Figure 5.7.3.2.1 shows that there was no effect of cryopreservation of healthy control PBMC, 

with 1 out of 4 samples having a noticeable non-significant decrease. This test was run again 

on KTR PBMC. 

 

Figure 5.2.4.1.2: Target Induced NK cell Loss (TINKL) measured in freshly isolated and 

thawed peripheral blood mononuclear cells (PBMC) from Kidney Transplant 

Recipients: A line plot of LDH release from a co-culture of K562 with PBMC from 8 Kidney 

Transplant Recipients (KTR), run fresh and again after thawing. The TINKL values were 

affected by cryopreservation, p-value= 0.0156, using a paired non-parametric Wilcoxon test. 

 

In summary, TINKL can be used post-thawing process in healthy controls, however, there 

was a reduction in TINKL values after cryopreservation in KTR and therefore TINKL assays 

should not be performed in frozen material.  
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5.3 Results 

5.3.1 CFSE dilution assay of nTreg function in Kidney Transplant Recipients (KTR)  

To define Treg suppressive differences in KTR, 16 KTR, 8 with cancer and 8 with no cancer, 

were assessed. The characteristics of the 16 KTR are shown in Table 5.3.1. Isolated nTregs 

were run in the optimised assay as previous mentioned in Chapter 2: Section 2.4. The CFSE 

results are expressed as a percentage reduction of the maximally proliferated cells (Figure 

5.3.1.1) and the cumulative results are shown in Figure 5.3.1.2. The patients used in the 

following analyses were a sub-cohort from Chapter 3: Section 3.5 that are matched, as shown 

in Table 3.5. The 16 KTR characterisitics used in the Treg suppression assays are outlined in 

Table 5.3.1.  

 

 

Table 5.3.1 Cohort of KTR run in Treg Funcitonal Assays 

 
Cancer No cancer p-value 

Number, N 8 8 - 

Age in years (Range) 67 (52-80) 53 (34-66) 0.009 

Male gender, N (%) 8 (100) 3 (37.5) 0.026 

Years of Immunosuppression (Range) 11 (3-22) 3 (0-11) 0.016 
 

 

 

Due to random sampling of the 50 KTR; age, gender and duration of immunosuppression are 

significantly different between the two groups.  
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Figure 5.3.1.1: Titrated peripheral blood naturally occurring regulatory T cell (nTreg) 

suppression of CFSE dilution: A bar graph depicting precentage Treg suppression of CFSE 

dilution from 13 KTR. Samples were run in triplicate at titrating ratios, and the graph shows 

the median with Inter-Quartile Ranges (IQR) of the tripicate means. 

 

CFSE dilution assay with nTregs and bead stimulus yeilds a lower level of suppression than 

using iTregs with anitbody stimulus, however it is a plausible assay to use with isolated 

nTregs from KTR. These results were then split into those KTR with cancer and those KTR 

with no history of cancer, depicted in Figure 5.3.1.2. 
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Figure 5.3.1.2: Isolated peripheral blood regulatory T cell (nTreg) suppression of CFSE 

dilution: A column graph depicting the median with inter-quartile range (IQR) of KTR with 

(black)/without (grey) cancer Tregs suppression of CD3/CD28 bead stimulated CFSE dilution 

at ratios 1:1, 1:2 and 1:4. With median% (Range) for; 1:1; 18 (4-83) Vs. 2 (2-12) p<0.01, 1:2; 

14 (8-29) Vs. 2 (1-7) p<0.01 and 1:4; 9 (3-15) Vs. 2 (1-7),  p<0.01, respectively using a 

Kraskal-Wallis non-parameteric test.  

 

When comparing KTR with cancer to those KTR with no cancer there was an increase in 

nTreg suppression abilty over all titrations, p<0.05, using a Kraskal-Wallis non-parameteric 

test as seen in  Figure 5.3.1.2. It can be seen that this data may have been conflicitng the 

titration data in Figure 5.3.1.1. 
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5.3.2 CD154 suppression of expression of natural Treg (nTreg) function in Kidney 

Transplant Recipients (KTR)  

To validate the CD154 suppression of expression assay in KTR, 16 KTR and 3 healthy donor 

nTregs where run as per protocol in Chapter 2: Section 2.4. The titration of Treg suppression 

is depicted in Figure 5.3.2.  

 

Figure 5.3.2.1: Titrated peripheral blood regulatory T cell (Treg) suppression of CD154 

expression on naïve CD4 T cells: A bar graph of the titrated CD154 suppression of 

expression response from isolated Treg samples in 16 KTR. Samples were run in triplicate. 

The graph shows the median of the triplicate mean values, with range.  

 

Titrations 1:1, 1:2 and 1:4 give the greatest differences in Treg function and were used to 

determine differences in Treg function from KTR with cancer and those KTR with no cancer. 

The patients used in the following analysis were from Chapter 3: Section 3.5 and were 

matched as shown in Table 3.5, with no statistically differences between measured variables, 

including; age, gender, and dose, type and duration of immunosuppression. The cumulative 

results were then grouped into KTR with cancer and those without cancer and are shown in 

Figure 5.3.2.1. 
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Figure 5.3.2.2: Isolated peripheral blood regulatory T cell (Treg) suppression of CD154 

expression on naïve CD T cells: A column graph showing the accumulative median and 

range of Treg suppression, as measure of CD154 suppression of expression, from KTR with 

cancer (n=8), without cancer (n=8) and healthy control Tregs (n=3) at titrating Treg:Teff 

ratios, 1:1, 1:2 and 1:4. With median% (Range) for; 1:1; 68 (46-87) Vs. 49 (36-69) p= 0.038, 

1:2; 56 (16-80) Vs. 26 (16-65) p= 0.083 and 1:4; 36 (13-73) Vs. 13 (5-54), p= 0.015, 

respectively, using a Mann-Whitney non-parameteric tests for each ratio.  

 

Isolated Tregs from 8 KTR with cancer showed greater suppression of CD154 expression on 

healthy naïve CD4 T cells than 8 KTR with no cancer (median%(range); 1:1, 68 (46-87) Vs. 

49 (36-69) p= 0.038, 1:2 56 (16-80) Vs. 26 (17-65) p= 0.083, 1:4 36 (13-73) Vs. 13 (5-54) p= 

0.015, respectively, using a Mann-Whitney non-parameteric test for each ratio). Additionally, 

KTR with cancer had an statistically non-significant increased function compared with 

healthy controls: 1:1 median%(range) 68 (46-87) Vs. 40 (33-64) p= 0.117, 1:2 56 (16-80) Vs. 

30 (14-40) p= 0.085, 1:4 36 (13-73) Vs. 18 (16-27) p= 0.085, respectively, using a Mann-

Whitney non-parameteric test for each ratio as shown in Figure 5.3.2.2. Additionally, there 

was no difference between KTR with no cancer and healthy controls, with p-values =0.568, 

0.667 and 0.497 for each ratio resepectively.  
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5.3.3 Correlations of CD154 to CFSE suppression assays  

The titrations of the functional assay were tested, comparing 1:1, 1:2 and 1:4 in a correlation 

matrix. The CD154 assay had a mean correlation co-efficient of 0.95 compared to CFSE 

which was 0.78. When comparing assays the correlation co-efficient was 0.58, the highest 

correlation being the ratio of 1:4 with a coefficient of 0.84. 

 

5.3.3.1 Correaltions of Treg suppression assays to Age and duration of 

immunosuppression 

Due to sampling of the 50 KTR cohort, there were differences in age, gender and duration of 

immunosuppression between KTR with cancer and KTR with no cancer (Table 5.3.1). To 

investigate if these paratemeters are affecting Treg suppression, correlation analyses were 

performed. Age did not relate to Treg function (r
2
= 0.197, p= 0.086 for the CFSE assay and 

r
2
= 0.046, p= 0.425 for the CD154 assay). Duration of immunosuppression did not affect Treg 

suppression in the CFSE assay (r
2
= 0.246, p= 0.062) but did for the CD154 assay (r

2
= 0.458, 

p= 0.007). All values determined by spearman non-parameteric tests.  

 

5.3.4 Cancer and LDH release in KTR  

The optimised technique was run on batched material for LDH release assay as described in 

Chapter 2 performed at a 20:1 PBMC: K562 ratio. A total of 32 KTR were analysed, 15 KTR 

with no cancer, 7 KTR with history of cancer and 10 KTR with current cancer, as seen in 

Figure 5.3.4.  
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Table 5.3.4 KTR run in the LDH release assay 

 

Current  Past No cancer p-value 

Number, N 10 7 15 - 

Age in years (Range) 62 (51-74) 60 (54-70) 59 (45-74) 0.613 

Male gender, N (%) 8 (80%) 5 (71%) 8 (53) 0.863 

Years of Immunosuppression (Range) 13 (0-33) 10 (4-18) 7 (0-23) 0.126 

Tregs/µl (Range) 16 (5-34) 17 (6-27) 6 (0-67) 0.317 

memory B cells/µl (Range) 12 (1-42) 7 (0-64) 17 (4-36) 0.510 

CD8+ γδ T cells/µl (Range) 88 (5-415) 157 (36-293) 28 (0-120) 0.011 

NK cells/µL (Range) 186 (1-1009) 161 (108-648) 83 (15-227) 0.465 

 

 

 

Figure 5.3.4.1: Lactate Dehydrogenase (LDH) release from Kidney Transplant 

Recipients (KTR) and Healthy Controls: A box and whisker plot depicting Lactate 

Dehydrogenase (LDH) release from healthy controls (n=5), KTR with no cancer (n=15), KTR 

who had cancer in the past (n=7) and KTR with current cancer (n=10). Both KTR with 

current cancer and those with no cancer have significantly lower LDH release than healthy 

controls using Kruskal-Wallis test (p<0.001). 

 

KTR with no cancer and KTR with current cancer had statistically less LDH release than 

healthy controls (p<0.001), whereas those KTR with past cancer did not, as seen in Figure 

5.8.2.1. When comparing KTR to healthy controls, KTR have decreased ability to lyse K562. 
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Figure 5.3.4.2: Lactate Dehydrogenase (LDH) release in Kidney Transplant Recipients 

(KTR): A box and whisker plot depicting the accumulative data of Lactate Dehydrogenase 

(LDH) release from KTR with no cancer (n=15), KTR who had cancer in the past (n=7), and 

KTR with current cancer (n=10). KTR with current cancer have less LDH release than those 

KTR with a past cancer (p= 0.002) and no cancer (p= 0.037) using Mann-Whitney Tests. 

KTR with Past cancer had similar LDH release to those with no cancer (p= 0.209). 

 

When comparing KTR groups, KTR with current cancer had lower LDH release than those 

KTR with no cancer, p= 0.037 and KTR with past cancer (p= 0.002). Additionally KTR with 

past cancer had similar LDH release to KTR with no cancer (p= 0.209). 
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5.3.4.3 Isolated CD56+ NK cell lysis ability 

To identify if there are cells or mediators in the PBMC that are restricting NK cells’ ability to 

lyse K562, the ability of isolated NK cells to lyse K562 target cells was measured in a limited 

number of patients. When using a ratio of 20:1 PBMC:K562, the ratios of NK:K562 were run 

at a median (range) of 0.3 (0.01-3.12). This was based on the known number of NK in the 

patient’s PBMC. Therefore a titration of NK cells was run from 10:1 to 0.04. The results are 

shown in Figure 5.3.4.3.  

 

Figure 5.3.4.3.1: Lactate Dehydrogenase (LDH) release from Isolated Natural Killer 

cells from Kidney Transplant Recipients (KTR) with cancer: Isolated NK cells from 7 

KTR were run at ratios 10:1 to 0.04:1 in 2-fold dilutions in LDH release assay. 

 

The isolated NK cell ratios were then compared to results from PBMC run at 20:1 at the 

approximate NK:K562 ratios as defined by the known number of NK in the PBMC, Figure 

5.9.1. The median (Range) of NK:Target ratio in the PBMC used in the assay was 0.9 (0.21-

1.95), similar to that of the previous experiments (Figure 5.3.4.1 and 5.3.4.2).  
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Figure 5.3.4.3.2: Lactate Dehydrogenase (LDH) release from Peripheral Blood 

Mononuclear Cells (PBMC) and Isolated Natural Killer cells from Kidney Transplant 

Recipients (KTR) with cancer: 5 KTR PBMC and Isolated NK cells run in triplicate at 

similar NK:Target ratios. This comparison shows that NK cells were being restricted by cells 

within the PBMC, p<0.001 using a non-parametric paired Wilcoxon test. Additionally, testing 

the means of the triplicates was significantly different (p=0.008) using a non-parametric 

Mann-Whitney test. 

 

In summary, KTR PBMC have decreased ability to lyse K562 compared to Healthy Controls 

and this is exacerbated in KTR with cancer. When NK cells are isolated from the PBMC of 

KTR with cancer they follow a standard titration pattern. When comparing isolated NK 

cytolysis at a similar ratio as present in PBMC, there is an increase in LDH release and 

therefore K562 lysis (Figure 5.3.4.3.2). 

 

 

 

 

 

 

 



127 
 

5.4 Discussion 

Both the Carboxyfluorescein diacetate succinimidyl ester (CFSE) dilution suppression assay 

and the CD154/CD40L suppression of expression assay show that Tregs isolated from KTR 

with cancer had greater function on a cell-to-cell basis than Tregs from KTR with no cancer. 

CFSE results correlated to CD154/CD40L suppression of expression in KTR with a spearman 

correlation coefficient of 0.84 at a Treg to effector T cell ratio of 1:4. This enabled use of 

CD154/CD40L suppression of expression assay in KTR, which is a more clinically applicable 

assay due to its shorter time frame. There were greater disparities between Tregs from KTR 

with cancer than KTR with no cancer in the CFSE assay (5 days) when compared to the 

CD154/CD40L assay (8 hours). The KTR with cancer assessed in these Treg suppression 

assays were also older, and had greater duration of immunosuppression but we know these 

two factors are significant in the development of cancer. When assessing the effect of age or 

duration of immunosuppression however there was no correlation suggesting the independent 

factor is cancer rather than age or duration of immunosuppression. 

 

The Treg suppression of CD154 expression may have clinical implications, as CD154 

expression on CD4 helper cells is required for: maturation of APCs
253

, effector cell 

activation
254, 255

, maturation 
256

, differentiation 
256, 257

,   and expansion 
254

. It has been found 

that epidermal Langerhans cells’ allo-stimulatory properties are increased with 

CD154/CD40L activation
258

. CD154 suppression on CD4 T helper cells plays a role in 

tolerance induction
257, 259, 260

. Inversely CD154 induction on CD4 T helpers increases CD8+ 

Cytotoxic T Lymphocyte (CTL) anti-tumour abilities
261

, primarily in response to 

CD154/CD40L upregulated co-stimulatory molecules
261

 e.g. Interferon-gamma (IFN-γ
254

) and 

Interleukin-12 (IL-12
261

 ). Furthermore, sustained expression of CD154 and recall expression 

of CD154 is dependent on autocrine IL-2
260, 262

 and IL-15
262

. This indicates a reduction, or 

removal, of Tregs will increase immunological responses, which has been shown in CD8 CTL 

responses during influenza infection
263

. 
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KTR with cancer have increased proportions and numbers of CD4
+
 Tregs that are capable of 

suppressing PBMC proliferation and CD154 expression on naïve CD4 T cells compared to 

KTR with no cancer. This reduction of CD154 may reduce allogenic and tumorgenic 

immunity by reducing IFN-γ, IL-12, IL-2 and IL-15 release. Reductions in allogenic 

immunity by measure of IFN-γ will be investigated in Chapter 6.  

 

As NK cells were decreased in KTR from the UK, we focussed on NK function and 

phenotype in this current study. NK cell activity was measured in KTR with cancer by the 

Lactate Dehydrogenase (LDH) release assay outlined in Chapter 2: Section 2.5. KTR PBMC 

had decreased ability to lyse K562 compared to healthy controls and this was exacerbated in 

KTR with cancer. This is despite there being an almost 2-fold amount of NK cells added to 

the assay (NK cells/µl (range) 186 (1-1009) Vs. 83 (15-227), KTR with cancer Vs. KTR with 

no cancer, respectively). Although there was no significant difference between Treg, memory 

B cell and NK cells, there were more CD8
+
 γδ T cells in the PBMC from KTR with current 

cancer than KTR with no cancer (p=0.011, Table 5.3.4). Cytolysis of cancer cells by γδ T 

cells has been shown previously
264

. Although these cells were not identified as CD8
+ 

γδ T 

cells and they were not targeting K562, there is potential for γδ T cells to have anti-tumour 

properties. There was an increase in CD8
+
 γδ T cells in the PBMC of both KTR with past and 

current cancer when compared to KTR with no cancer, however there only an observed 

increase in cytolytic function between KTR with past cancer compared to KTR with current 

cancer, indicating that KTR with cancer may in fact have defective NK and γδ T cells. This is 

further exemplified as KTR with past cancer had similar NK and Treg numbers.  

 

The function of NK cells was restored when isolated from PBMC and run at similar NK:K562 

ratios to that of the PBMC. Previous data from Chapter 4: Section 4.3.2 shows one of the 

major differences in the PBMC from differing KTR groups is the number and proportion of 

Tregs. It is known Treg can affect NK function154, 155 and therefore Tregs may play a role in 
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NK dysfunction in KTR with cancer. This hypothesis is explored in the future directions 

section of this thesis in Chapter 7: Section 7.2.  

 

Immunosuppression regimen of KTR alters the NK cell repertoire and function. KTR on CNI 

had reduced CD16 expression and degranulation and NK activation and KTR on mTORi had 

reduced IFN-γ release in NK/K562 co-cultures
265

. These phenotypic and functional 

differences make NK cells from KTR physiologically different, and maybe more 

dysfunctional than healthy controls. A caveat when using PBMC as effector cells is the 

difference in NK cell numbers, KTR have been shown to have less NK cells
266

, and could be 

contributing to the difference in K562 lysis that is observed. A studying measuring K562 lysis 

with 
52

Cr showed higher levels of cytolysis, median (range) of 6% (2-18%) in KTR with 

CMV infection compared to our value of 0.5% (0-11%), however they used a PBMC:K562 

ratio of 100:1 compared to 20:1, the KTR did not have cancer and were in the early transplant 

period
267

. 

 

Another result is that Target Induced NK cell Loss (TINKL) cannot be accurately determined 

on frozen material. These observations indicate that thawed NK cells from KTR, but not 

healthy controls, can kill multiple K562 cells thus increasing LDH release but decrease the 

NK cell loss. It is known that IL-2 increases NK cell function and that immunosuppression 

specifically targets IL-2
243

 
244

.  

 

In conclusion, KTR with cancer have increased Treg function and decreased NK cell function. 

Additionally, KTR Treg function can be measured by suppression of CFSE dilution and also a 

novel, faster assay (8 hours) by measuring the suppression of the activation marker CD154, as 

these assay correlate. The TINKL assay cannot be used post cryopreservation, however the 

LDH assay can. LDH release is decreased in KTR PBMC, however once NK cells are 

removed from PBMC, NK cell function is restored to that of PBMC from normal controls. 
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Chapter 6: Measurement of Alloresponses 

6.1 Introduction 

The previous sections of this thesis showed that Kidney Transplant Recipients (KTR) with 

cancer have higher levels of more suppressive Regulatory T cells (Treg, Section 4.4-4.7, 5.3 

and 5.5) and similar levels of low functioning Natural Killer (NK) cells (Section 4.4-4.7, 5.7 

and 5.8) than KTR with no cancer. Furthermore, Tregs themselves can predict cancer in KTR 

with a history of cancer and decrease upon cancer resection. These assays give clinicians the 

ability to objectively identify patients that may develop pre-metastatic cancer with relatively 

high specificity and specificity (78% and 80%, respectively). However they do not inform 

clinicians if KTR will benefit from cancer prevention therapy. 

 

A randomised control trial randomised pre-transplant KTR to a standard level Calcineurin 

inhibitor (CNI) regimen and a CNI sparing regimen
72

, thus investigating the benefit of 

reduced immunosuppression as primary cancer prevention. However, those with reduced CNI 

had increases in rejection episodes
72

. Other studies investigated converting CNI based 

regimens to mammalian Target of Rapamycin inhibitor (mTORi) based regimens as 

secondary prevention therapy, as mTORi are used as anti-cancer therapies
174, 175

. There was a 

benefit, however not all conversions were successful (30%) and an additional 30% did not 

tolerate the mTORi side effects
14, 198, 268

. Furthermore, immune phenotype has revealed that 

those who maintain high levels of Tregs after mTORi conversion (>20 Tregs/µL) do not 

benefit from conversion and may benefit from immunosuppressive drug reduction. To 

perform immunosuppressive drug reduction as secondary cancer prevention, risk of graft 

rejection will need to be measurable.   

 

Pre-transplant anti-Human Leukocyte Antigen (HLA) and Interferon-γ ELISPOT associate 

post-transplant with antibody and cellular mediated rejection episodes
183, 185, 190

. Monitoring 

HLA molecules and specific Donor Specific Antibodies (DSA) routinely has decreased 
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antibody mediated rejection episodes dramatically
188, 189

. Interferon-γ ELISPOT has been used 

to predict 6-month graft function and rejection episodes
185

. Additionally it has been used pre-

transplant to categorise patients into CNI or mTORi maintenance therapy
269

. These studies are 

limited in clinical application as donor specific cells were used to stimulate the mixed 

lymphocyte reactions, requiring use of precious or non-existent deceased donor material. This 

restricts the utility of ELISPOT to live recipient/donor pairs. An IFN-γ ELISPOT assay has 

been developed that utilises a variety of unrelated HLA disparate material to measure total 

allo-response and is termed “Panel of Reactive T cells (PRT)”
186

. This assay has been shown 

to have potential to determine post-transplant risk of rejection when measured pre-transplant. 

However there are no current studies utilising IFN-γ post-transplant as a form of rejection 

prediction in long-term KTR.  

 

The IFN-γ ELISPOT may be extended to guide immunosuppression reductions
270, 271

. There 

are a few studies utilising a viral peptide stimulated IFN-γ ELISPOT to discriminate KTR 

who may benefit from reduced immunosuppressive drugs as a form of treatment
270, 271

. KTR 

with unresolved BK pathogenesis also had a non-significant decrease in EBV peptide and 

PHA mitogenic IFN-γ ELISPOT responses
270

, indicating over-immunosuppression
272

. This 

may share a link with development of malignancy as they are both considered manifestations 

of over-immunosuppression.  

 

This Chapter focuses on HLA antibody detection, IFN-γ release from allogenic stimulation, 

viral peptides and mitogen antigens. 
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6.1.1 Chapter Aims 

1. To determine if there are differences in the presence and levels of anti-HLA and DSA 

in KTR with cancer compared to KTR without cancer. 

2. To investigate the use of the Clinical Trials in Organ Transplant (CTOT) IFN-γ 

ELISPOT in Australian KTR to determine the IFN-γ release of Allo-stimulated cells. 

3. To extend the CTOT IFN-γ ELSPOT to measure both viral peptide and mitogen 

stimulation to determine effector immune function of KTR 

 

6.1.2 Chapter Hypotheses 

With the premise that KTR with current cancer are over-immunosuppressed; 

1. KTR with cancer will have no or reduced HLA or DSA antibodies within their 

peripheral blood. 

2. KTR with current cancer will have reduced or no ability to produce IFN-γ under an 

allogeneic stimulus compared to those KTR with or without history of cancer. 

3. KTR with current cancer will produce less IFN-γ under viral peptide and mitogen 

stimulation. 

 

6.2 Chapter Methods 

6.2.1 Panel of Reactive Antibodies (PRA) solid phase assay 

Screening antibodies in KTR serum has been implemented as routine immune monitoring of 

organ transplant patients across Australia and various institutions across the world. An MFI 

cut-off of 1500 units was used, as this has been defined in literature and used in our diagnostic 

laboratory
188

. Both these assays were performed by the Australian Red Cross Blood Service 

(ARCBS, Adelaide, S.A.) and data was collated and reviewed by Dr. William Hanf.   
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6.2.2 Panel of Reactive T cells (PRT) stimulated Interferon-γ Enzyme Linked Immuno-

SPOT (ELISPOT) assay. 

The panel of reactive T cell (PRT) IFN-γ ELISPOT was implemented to measure total allo-

responses from the cohort of KTR (n=50) outlined in Chapter 3: Section 3.5, with 

demographic data presented in Table 3.5. KTR PBMC were stimulated with B cells 

propagated from donor material stored by the Australian Red Cross Blood Service (ARCBS), 

Adelaide. The HLA types of the donated material are shown in Table 6.2.2.1. 

 

Table 6.2.2.1 HLA types of donor B cells used in PRT panel 

B cell sample HLA - A HLA - B HLA - DR 

1 2,2 8,44 1,15 

2 2,31 18,62 4,11 

3 1,2 8,44 3,7 

4 3,11 7,35 3,4 

 

The HLA molecules expressed by the B cells are similar to approximately 90% of the 

Caucasian population, with the most frequent HLA haplotypes of Caucasians being: A1, A2, 

A3, B8, B7, B44, DR3, DR2, and DR4.  

 

The propagated B cells were analysed for HLA-CI and HLA-CII expression with expression 

shown in Table 6.2.2.2. 

 

Table 6.2.2.2 Proportion of CD19
+
 B cells and expression of MHC-CI and MHC-CII 

B cell sample CD19% MHC-CI MHC-CII 
1 86.19 99.59 99.9 
2 98.1 98.79 99.28 
3 98.66 99.71 93.44 
4 98.79 98.67 97.71 

 

These B cells cover approximately 4 out of the 6 donor HLA molecules or 66% of all HLA 

molecules from the patient cohort outlined in Chapter 3 Section 5, depicted in Figure 6.2.2.1. 
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Figure 6.2.2.1: HLA of B cell lines that cover Donors Specific HLA of KTR with 

Current, Past and No cancer: A plot showing median and interquartile range of B cell HLA 

molecules covering donor specific HLA. All KTR have approximately 4 out of 6 HLA 

matches to the B cell lines used in the Panel of Reactive T cells (PRT). 

 

In summary, B cells from healthy donors were expanded as per Chapter 2: Section 2.6.2. 

These B cells cover 90% of the Caucasian population and 66% of all donor HLA molecules in 

this study. The coverage is similar between groups with KTR with approximately 4 out of 6 

HLA donor molecules being represented in the PRT. These B cells were used in all 

subsequent Panel of Reactive T cell (PRT) experiments. 

 

6.2.2.3 Cross referencing the Enzyme Linked Immuno-SPOT (ELISPOT) assay 

One of the ELISPOT techniques’ limitations to wide-spread use is cross-laboratory validation, 

which now has been addressed
273

. I underwent a 3 month traineeship at Mount Sinai Medical 

School to learn the optimised, National Institute of Health (NIH) accredited, Clinical Trials in 

Organ Transplantation (CTOT) IFN-γ ELISPOT technique
273

. Once returned, investigation 

was undertaken into standardising and cross-validating two different aspects of reading and 

analysing ELISPOT results. There are two steps to test reproducibility: image capturing and 
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image processing. Imagine processing consists of the settings for the software for counting the 

spots within the picture and the errors between the different software. 

 

6.2.2.3.1 Cross referencing laboratories 

IFN-γ ELISPOT was performed according to the CTOT Standard Operating Procedure 

(S.O.P) outlined in Chapter 2: Section 2.6.3, using B cells propagated as per CTOT protocol 

outlined in Chapter 2: Section 2.6.2 and characterised in Section 6.2.2 of this chapter. The 

plates were captured and processed at the Centre of Clinical and Experimental 

Transplantation (CCET) in Adelaide (Adel) on an AID branded ELISPOT reader. The plates 

were then sent to the CTOT laboratory in the US where they were re-captured and re-analysed 

by the CTOT staff members on a CTL brand ELISPOT reader, depicted in Figure 6.2.2.3.1.1. 

 
6.2.2.3.1.1 Cross referencing Enzyme Linked Immuno-SPOT (ELISPOT) across 

laboratories: A line graph depicting changes in spots from the Centre of Clinical and 

Experimental Transplantation (CCET) to the Clinical Trial in Organ Transplantation (CTOT) 

laboratory. Although there is no statistical change between paired (0.913) or median values 

(p=0.868), the range of the CTOT spans greater values than CCET (9 - 1967 compared to 14 - 

1000, respectively). 

 

Despite the absence of difference between the paired values and the median values from the 

different laboratories, the range was decreased when read on the AID branded machine at 

CCET. Instrument error between institutions was investigated in the next section. A CTL 
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reader (similar to that in the US) was accessed at Flinders Medical Centre (FMC), Adelaide, 

Australia, where extra plates were re-read and the results were compared to the AID reader at 

CCET. The results are depicted in Figure 6.2.2.3.1.2. 

 

6.2.2.3.1.2 Cross referencing Enzyme Linked Immuno-SPOT (ELISPOT) across 

Instruments: A line graph depicting changes in spots from the Centre of Clinical and 

Experimental Transplantation (AID-CCET) to the Flinders medical centre (CTL-FMC). The 

ranges of the CTL-FMC = 1 - 765 in comparison to the AID-ADEL = 4 - 524. 

 

6.2.2.3.2 Instrument error between institutions 

A total of 138 wells were analysed; 33 background, 33 PHA wells and 72 test wells. The 

plates were read and analysed on a CTL machine in the CTOT laboratory in the US. The 

photos were saved in a format that the Adelaide based AID machine could read. The results 

from both readings would enable measurement of the error from the counting software. The 

physical plates were then re-photographed and re-counted on the AID machine. Total error of 

both the image capture and the software counts was calculated, with any additional error from 

the image capture. The mean of the total error was 26%, with the greatest error coming from 

the background and PHA wells. When analysing tests results alone, the error was 14%. 

However, the error from background wells alone was 40% and this would affect final results, 

as background wells are subtracted from test wells. 
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6.2.2.4 Correlation of results between institutions 

Results from 32 KTR analysed on the AID machine in Adelaide, at the CCET were compared 

to the CTL machine in the CTOT laboratory in New York. The results are shown in Figure 

6.2.2.4.1. 

 

 

Figure 6.2.2.4.1 Correlation of results between Adelaide (AID-CCET) and New York 

(CTL-CTOT): A dot plot of 32 KTR PRT IFN-γ ELISPOT pairs run at the CCET laboratory 

on an AID branded machine Vs. the CTOT laboratory on a CTL branded machine. A non-

linear correlation curve was used for correlation analysis resulting in a R
2
 value = 0.835.   
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Figure 6.2.2.4.2 Correlation of results between Adelaide (AID-CCET) and Flinders 

Medical Centre (CTL-FMC): A dot plot of 25 KTR PRT IFN-γ ELISPOT pairs run at the 

CCET laboratory on an AID branded machine Vs. the CTOT laboratory on a CTL branded 

machine. A non-linear correlation curve was used for correlation analysis resulting in a R
2
 

value = 0.653.   

 

 

In summary, when comparing AID to CTL results there is no direct statistical difference and 

there is a strong correlation in results, but CTL have greater reading range. The results in the 

following chapters have been read on CTL machines from CTOT and from Flinders Medical 

Centre, Adelaide, Australia. Unfortunately, the results from FMC cannot be compared to 

CTOT as they were different KTR pairs.  
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6.3 Results 

The patients that were investigated with the above techniques outlined in Table 6.3. 

Table 6.3 Patient Characteristics of KTR in subsequent studies. 

 
Cancer (C) Current (Cu) Past (P) No Cancer (NC) p-value p-value 

Numbers, N 29 17 12 18 CvNC CuvPvNC 

Age in year (Range) 61 (51-74) 62 (51-74) 60 (54-70) 58 (51-76) 0.176 0.342 

Male Gender, N (%) 21 (72%) 12 (71%) 9 (75%) 11 (61%) 0.826 0.869 
Duration in years 

(Range) 12 (0-33) 13 (0-33) 10 (4-18) 9 (0-29) 0.543 0.422 

Tregs/µL 24 (1-105) 28 (1-105) 19 (3-50) 10 (0-26) 0.043 0.039 

Memory B cells/µL 12 (1-64) 10 (1-42) 15 (1-64) 17 (1-79) 0.616 0.409 

CD8+ γδ T cells/µL 89 (0-868) 136 (0-868) 53 (6-195) 31 (0-120) 0.738 0.598 

NK cells/µL 192 (1-1009) 136 (1-294) 277 (23-1009) 99 (15-227) 0.430 0.328 

 

This cohort was used two different ways firstly in two groups KTR Cancer Vs. KTR with No 

cancer (CvNC) and KTR with current cancer Vs. KTR with past cancer Vs. KTR with No 

cancer (CuvPvNC). The Age, duration of immunosuppression and cell numbers were 

analysed with Mann-Whitney non-parametric tests for CvNC and Kruskal-Wallis tests were 

used for CuvPvNC. Gender was analysed with Chi-Square tests. As it can be seen there are no 

significant differences between groups, with the exception of Treg numbers.  
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6.3.1 Anti-Human Leukocyte Antigen (HLA) and Anti-Donor Specific Antibodies (DSA) 

in Kidney Transplant Recipients (KTR) 

To determine overall humoral immune responses, measurement of anti-HLA and DSA were 

implemented in the cohort outlined in Chapter 3: Section 3.5 and characteristics shown in 

Table 3.5. The 50 KTR plasma samples were collected, labelled, stored and prepared by 

myself, however the performance and analysis of the Luminex assay was done by Dr. William 

Hanf at the Australian Red Cross Blood Service, Adelaide, South Australia, Australia.   

 

Figure 6.3.1: Human Leukocyte Antigen (HLA) antibodies and Donor Specific Antibody 

(DSA) levels in 50 Kidney Transplant Recipients with (n=31) and without cancer (n=19): 

A bar graph depiciting levels of HLA antibodies and DSA in peripheral blood plasma of 

KTR.  There is no difference in HLA andtibodies  (p=0.142) or DSA (p=0.661) in KTR with 

cancer compared to KTR with no cancer, using Fisher’s exact tests. 

 

KTR with cancer (n=31) had similar HLA antibody MFI levels (MFI >1500) to those KTR 

with no cancer (n=19, 8 (26%) Vs. 3 (16%), respectively, p=0.500). Additionally, KTR with 

cancer had the similar amount of DSA antibodies and a non-statistically different amount of 

anti-HLA and non-DSA, shown in Figure 6.2. 
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6.3.2 Panel of Reactive T-cells (PRT) Interferon-gamma (IFN- γ) response in Kidney 

Transplant Recipients (KTR) as measured by Enzyme Linked ImmunoSPOT 

(ELISPOT). 

This section will address one of the major aims of this thesis, which is to measure cellular 

allo-responses of KTR with cancer and compare them to KTR with no cancer. This assay was 

set up as mentioned in Chapter 2. A total of 53 KTR and 7 Healthy controls were run in the 

assay. There was 1 KTR who was removed from analysis as they were currently in a rejection 

episode. Additionally, 2 Healthy controls were dropped due to low or no response in positive 

control wells. Furthermore, 6 KTR with infections were not used for subsequent analyses.  

 

Figure 6.3.2.1 Panel of Reactive T cells (PRT) Interferon-gamma (IFN-γ) release in 

Kidney Transplant Recipients (KTR) as measured by Enzyme Linked ImmunoSPOT 

(ELISPOT): IFN-γ was measured in 52 KTR and 5 Healthy donors. KTR with cancer (n=17) 

had lower (p=0.008) and KTR with past cancer (n=12) had similar (p=0.138) IFN-γ responses 

than KTR with no cancer (n=17), using Mann-Whitney tests. 

 

KTR with cancer had less allo-response than those KTR with no cancer with a median spots 

per 300,000 PBMC (range) of 151 (29-765) vs. 342 (11-1967), p=0.008 and a median (range) 

of 290 (1-598) for KTR with past cancer. 
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Figure 6.3.2.2 Dichotomised Panel of Reactive T cells (PRT) Interferon-gamma (IFN-γ) 

Enzyme Linked ImmunoSPOT (ELISPOT) data by total median value of 292 spots per 

300,000 PBMC: A bar graph showing the PRT IFN-γ ELISPOT of 50 KTR dichotomised 

using a median value cut-off of 292 spots per 300,000 PBMC. There are a greater proportion 

of KTR with current cancer (n=17) that have <292 spots than KTR with no cancer (n=17), 

p=0.007, using a Chi-squared test. There is no difference between past (n=12) and no cancer 

or past and current cancer (p=0.203 and p=0.452, respectively), using Chi-squared tests.  

 

Using a median cut-off of 292 spots per 300,000, the majority of KTR with cancer, half of 

those KTR with past cancer, and minority of those KTR with no cancer, are below. These 

patients who are below this threshold are potential candidates to take part in a dose reduction 

trial as described later in Chapter 7: Section 7.2.  
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6.3.3 Viral and mitogen stimulated Interferon-γ release  

This section covers the third and final aim of this chapter. Viral peptide and mitogen 

stimulation were measured by IFN-γ release, as a secondary measure of immune function and 

capacity to clear viral infections. 

 

Figure 6.3.3 Viral and mitogen stimulated Interferon-gamma (IFN-γ) release as 

measured by Enzyme Linked ImmunoSPOT (ELISPOT): A boxplot depicting Interferon-

γ ELIPSOT responses to alloantigen, to viral antigens (CEF CMV, EBV and Flu) and to 

maximal stimulation with PHA in 46 KTR. Those KTR with cancer (n=17) have less mitogen 

response when compared to KTR with no cancer (n=17), Kruskal-Wallis p-value = 0.019. 

 

KTR with cancer have differential IFN-γ release to alloantigen, CEF (CMV, EBV and FLU) 

viral peptides and to maximal stimulation mitogen (PHA) when compared to KTR with no 

cancer. The CEF responses are not significantly lower, p=0.240. However, Mitogen responses 

are lower in KTR with cancer in comparison to those KTR without cancer, p=0.003 using a 

Mann-Whitney non-parametric Test.  
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6.4 Discussion 

KTR with cancer had similar levels of anti-Human Leukocyte Antigen (HLA), Donor 

Specific Antibodies (DSA) and lower viral, mitogen and allo-stimulated interferon-gamma 

(IFN-γ) release than KTR with no cancer. 

 

Anti-HLA and DSA are humoral responses directed towards the kidney graft, which 

spearhead antibody mediated rejection episodes
188

. There were 3/31 (9.7%) KTR with cancer 

and DSA (>1500 MFI) and 8/31 (26%) with anti-HLA antibodies (>1500 MFI) KTR with 

cancer that were at potential risk of antibody mediated rejection
188

, especially if reduction of 

immunosuppression was considered a treatment option for the cancer.  

 

Measurement of IFN-γ via ELISPOT was performed in these patients. A panel of B cells that 

covered the most frequent Caucasian HLA molecules as well as the majority (66%) of HLA 

haplotypes of the donors to the KTR was utilised. The PRT IFN-γ release data was captured 

and processed on different machines. The CTOT laboratory, in the US, has an optimised 

protocol for the capturing and processing for the PRT ELISPOT. The ELISPOT results 

showed that there was a strong correlation and no statistical difference between centres, but 

there was a discrepancy in the number of spots the machine is capable of quantifying. A CTL 

machine at Flinders Medical Centre (FMC) was accessed and the results also showed a strong 

correlation and increases in range when compared to the AID branded machine. This indicates 

that results between machines are comparable but if high level readings are needed then a 

CTL machine is required. 

 

When comparing KTR from Table 6.3 and Table 3.5 (In Chapter 3: Section 3.5) it can be seen 

that these patients are matched in age, gender and type, dose and duration of 

immunosuppression. There were no observable differences in memory B cells, CD8
+
 γδ T 

cells in this sub-cohort of patients. However, NK cells were similar and Tregs were increased 
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in KTR with cancer and KTR with current cancer when compared to KTR with no cancer 

(p=0.043 and p=0.039, respectively). There was no association of Treg numbers or 

proportions to IFN-γ release (p=0.208 and p=0.103, respectively). It may be low patient 

numbers that make the analyses too under powered to define whether Treg numbers associate 

with PRT.  

 

KTR with infection and current cancer have lower PRT levels than KTR with past and no 

cancer. This is further exemplified when using a median cut off of 291 spots per 300,000 

PBMC. A majority of KTR with cancer have less than this median compared to equal 

numbers of KTR with past cancer and a minority of KTR with no cancer.  

 

Due to the relatively small number of KTR investigated, the effect of drug dose on PRT in 

those with current and past cancer was unable to be defined. Longitudinal data is needed to 

determine whether changes in immunosuppression affect PRT in this population of long-term 

KTR. One hypothesis is that the reason those with past cancer have higher PRT is that their 

immunosuppression has been more aggressively reduced compared to current cancer. Follow 

up of KTR from first malignancy and immunosuppressive drug dose reduction, may show an 

increase in PRT.  

 

Further investigation into viral and mitogen stimulated PBMC from KTR with cancer 

revealed similar levels of viral peptide stimulation but decreased mitogen stimulation, 

exemplifying a restricted immune system. BK viral peptide stimulated IFN-γ ELISPOT can 

guide immunosuppression changes during BK infection and donor-specific ELISPOT has 

been used to determine immune tapering and mTORi conversions in the first 12 months pre-

transplantation. However, the use of IFN-γ ELISPOT to taper long-term KTR has yet to be 

performed. 
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Chapter 7: Concluding remarks and future directions 

7.1 Key findings 

7.1.1 Patient Cohort Characteristics 

The KTR characteristics were similar to previous published KTR cohorts. The main 

differences were age, duration and type of immunosuppression. There was also a higher 

burden of SCC skin than previous studies and this is the first report of immune phenotype in 

KTR with SOC. 

 

7.1.2 Immune Phenotype 

Unlike clinical variables, high numbers of peripheral blood Regulatory T cells (Tregs) can 

predict onset of a poor prognosis of cancer, within 100 days of immune phenotyping. Tregs 

have a dynamic association with cancer: i.e. increase upon cancer diagnosis, they are 

increased in KTR with cancer, and decrease after cancer resection.  

 

7.1.3 Immune Cell function 

KTR with cancer had increased Treg suppressive capacity on a cell-to-cell basis compared to 

KTR with no cancer. Suppression of CD154/CD40L expression provides a surrogate marker 

of Treg suppression of proliferation in an immunosuppressed cohort. 

 

KTR with cancer had decreased total cell lysis compared to KTR with no cancer. 

Additionally, removal of NK cells from PBMC reconstituted NK cell function. 

 

7.1.4 Allo-responses  

KTR with cancer had lower allo-response in the Panel of Reactive T cell (PRT) Interferon-

gamma (IFN-γ) release Enzyme-Linked ImmunoSPOT (ELIPSOT) assay when compared to 

KTR with no cancer. KTR with cancer had less mitogen stimulated IFN-γ release than KTR 

with no cancer. 
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7.2 Future directions 

There were 33 KTR recruited with infection whose immune phenotype was not reported in 

this thesis. This was mainly due to the heterogeneity of the active infection which therefore 

did not provide any specific, beneficial information. As infection can be considered as over-

immunosuppression, it shares commonality to cancer. However, infection often occurs in the 

early transplant period, whereas cancer is occurs in long-term KTR. An investigation into the 

level of Tregs in KTR with infection may identify a sub-group that, since infection, have 

increased risks of cancer. Chapter 6: Section 6.3.2 shows that, albeit only 6 (18%) of these, 

KTR with infection that were run in a PRT IFN-γ ELISPOT had similar levels to that of KTR 

with cancer. This provides some evidence that KTR with infection may also benefit from 

reduction in immunosuppression, or at least investigation of benefit from immunosuppression. 

A larger prospective study of immune phenotype may reveal that chronic infection leads to 

long-term increases in Regulatory T cells (Tregs), decreases in allo-responsiveness and 

possible increased risk of cancer development.  

 

While it is interesting that Treg, CD8
+
 γδ, and NK numbers decreased upon cancer resection, 

a prospective follow up is needed to determine whether failure of these cell types to fall in 

numbers may predict cancer recurrence. This information would be significant to help the 

decision to perform pre-emptive anti-cancer therapy e.g. increase cancer surveillance.  

 

Natural Killer (NK) cell function is decreased in KTR with cancer when analysing PBMC. 

However, when NK cells are removed from PBMC their function is increased. One difference 

in PBMC between KTR with cancer and KTR with no cancer is Treg proportion and number, 

thus our hypothesis is that Tregs are reducing NK cell function. We can test this in two 

different experiments. The first assay could be run on isolated NK cells with addition of 

isolated Tregs at titrating ratios to determine if the LDH released titrates. The second assay 

would be removal of Tregs from PBMC and running the resulting cells (Treg depleted 
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PBMC) in comparison with PBMC; the difference will determine the amount of PBMC 

mediated lysis that Tregs are restricting. The addition of titrated Tregs will determine if the 

effect can also be titrated. Furthermore, investigation into the cancer lysing function of CD8
+
 

γδ T cells may show a protective effect from cancer but may also reveal they are defective in 

KTR with cancer. 

 

The IFN-γ release assay can be used to determine cellular rejection episodes 6 months post-

transplant in pre-transplant patients. The allo-stimulated IFN-γ ELISPOT release assay had a 

median level of 291 spots per 300,000 PBMC for all KTR, with a majority of KTR with 

cancer producing less than this. Therefore, KTR with cancer indeed have less allo-response 

than KTR with no cancer and may have immunosuppression reduced safely.  

 

In this cohort, 10 of the 23 KTR (43.5%) had immunosuppression dose reductions after 

cancer diagnosis, which resulted in a non-significant reduction in the median level of the 

dose. Half of the patients stopped or reduced CNIs. A prospective study is needed to 

determine if there is an IFN-γ ELISPOT cut-off that can predict, with reasonable accuracy, 

those KTR who will have a rejection episode post immunosuppression reduction. ELISPOTs 

would be run for a baseline and after any clinical intervention, be it cancer resection or 

immunosuppression reduction. Those lower than the revealed cut-off will then be used as 

criteria for KTR enrolment in a randomised control trial to determine benefit of dose 

reduction in regards to reduced cancer incidence with minimal rejection episodes. 

 

Those KTR with past cancer, had lower levels of Regulatory T cells, higher levels of NK cell 

function and variable PRT levels compared to KTR with cancer, indicating that intervention 

led to adequate immunosuppressive drug reductions reconstituting their immune system 

function.  
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7.3 Conclusions 

Australian Kidney Transplant Recipients with cancer have: higher proportions and numbers 

of more suppressive Regulatory T cells, similar proportions and numbers of, less functional 

NK cells, similar Donor Specific Antibody levels, and lower mitogenic and allogenic 

responses than Australian KTR with no cancer. Tregs associate with Solid Organ Cancer, 

predict Squamous Cell Carcinoma (SCC) and high risk SCC, and they are dynamic around 

cancer diagnosis and resection. This data indicates a sub-population of KTR that may be over 

immunosuppressed and may benefit from reducing immunosuppressive drugs, a benefit that 

can be measured by the assays outlined in this thesis. 
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