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Diabetes mellitus (DM) is reaching epidemic proportions with an estimated 20.8 million 
of the US population believed to suffer from type 1, type 2 or other types of DM while a 
225% increase is projected between 2000 to 2050 (Engelgau 2004)

Approximately 30-40% of all kidney transplant recipients in the United States are
diabetic before transplantation and 15-20% develop post transplant diabetes mellitus 
(PTDM) (First 2003, Kasiske 2003)

Data was obtained from the United Network for Organ Sharing (UNOS), on kidney 
transplant operations performed between 1996 to 2003 (unpublished communications)  

In total, data from 101,292 kidney transplant recipients showed that 5-year patient 
survival was 15% and graft survival was 10% lower in patients with type 2 or 
other/unknown (PTDM) diabetes than non-diabetics (Fig 1A and 1B) (Kaplan-Meier 
analysis, P<0.0001) 

INTRODUCTION

To compare various biomarkers of T and B cell activity between diabetic and non-
diabetic stable kidney transplant recipients with an aim to optimize post transplant 
immunosuppressive therapy in these patients.

PATIENTS AND METHODS
Stable kidney transplant recipients (n=32) were recruited (Table 1).
18 patients were diabetic (10 type 1 and 8 type 2) and 14 patients were non diabetic.
Primary diagnosis of organ failure was diabetic nephropathy in the diabetic group and 

other etiologies in non diabetic group
All patients were on triple therapy with mycophenolic acid, prednisone,  with either 

cyclosporine or tacrolimus.

Figure 2. Schematic diagram of intracellular staining method

Table 1. Patient demographic characteristics (+/- values are SD)

CONCLUSIONS

Our results suggests that the concentration of ATP in mitogen stimulate CD4+ cells is 
statistically lower in both type 1 and 2 diabetic patients versus non diabetics.
Expression of intracellular cytokines was lower in diabetic patients only for IL-2 not other 
cytokines.
The results of IL-2 expression in CD3 cells was different based on the type of calcineurin 
inhibitor used (CsA versus TAC)
B cell results showed differences but only CD95 cell surface expression on CD19 cells 
reached the level of statistical significance.
The results of immune marker must be examined in relation to the concentration of various 
immunosuppressive agents.
Adjusting immunosuppressive dosage guided by these markers may prove useful in fine-
tuning of immunosuppressive therapy for diabetic patients.
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AIM

Figure 1A-1B. Comparison of patient (1A) and graft survival (1B) in diabetic kidney transplant recipients 
(Data from UNOS on 101,292 patients transplanted between 1996-2003)

60

65

70

75

80

85

90

95

100

0 20 40 60 80

Months Post Transplant

Pa
tie

nt
 S

ur
vi

va
l (

%
)

Diabetes (Type 1)
Diabetes (Type 2)
Non-diabetes
Diabetes (Type unknow n)

A

60

65

70

75

80

85

90

95

100

0 20 40 60 80

Months Post Transplant

G
ra

ft
 S

ur
vi

va
l (

%
)

Diabetes (Type 1)

Diabetes (Type 2)

Non-diabetes
Diabetes (Type unknow n)

B

Lansang (2006) have compared the incidence of infection (bacterial, viral or fungal) 
episodes requiring hospitalization between diabetic and non-diabetic patients. The analysis 
showed the risk of developing such episodes was 43% higher in pre-transplant diabetics 
and 77% higher in PTDM patients. Septicemia was the most prevalent infection followed by 
pneumonia, urinary tract infections and others. 

Also diabetes was the leading cause of developing a fungal infection requiring 
hospitalization (odd ratio=2.4) followed by rejection (odd ratio=1.56) and maintenance 
tacrolimus (odd ratio=1.53) patient survival in this population.

It is therefore fundamentally important to recognize diabetic kidney transplant recipients 
as a subgroup of patients with inferior survival and to explore various methods to improve 
graft or patients survival.
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From all transplant recipients, blood samples 
were obtained prior to the morning dose of 
immunosuppressive agents (T0) and at two 
hours post dose (T2).

The amount of ATP production in PHA 
stimulated CD4 lymphocyte was measured as 
an indicator of global immune response using 
ImmuKnow™ assay.

Intracellular production of cytokines 
interleukin-2 (IL-2), IFN-γ and tumor-necrosis 
factor-α (TNF-α) in response to mitogenic 
agents (phorbol-12 myristate acetate/ionomycin) 
was measured according to an assay adapted 
from Sindhi 2003 (schematic diagram on left) 
and analyzed using a FACS calibur flow 
cytometer (BD-Biosciences).

B-cell activity was investigated by measuring 
co-stimulatory proteins CD54 (ICAM-1), CD86 
(B7.2) and CD95 (Fas antigen) in pokeweed 
mitogen stimulated CD19+ cells (Berry 2006). 

METHODS                                                         

Figure 6. ATP concentration in mitogen stimulated CD4+ cells

P=0.006

1 D/ 1 ND> 526

12 D/ 11 ND226-525

5 D/2 ND< 225

Diabetic/Non diabeticATP level 
(ng/mL)

411 ± 70023 ± 7*284 ± 65316 ± 562 ± 6216 ± 2*Non diabetic transplant recipients

387 ± 47119 ± 3339 ± 52217 ± 532 ± 7*15 ± 2Diabetic transplant recipients (type 2)
286 ± 43220 ± 4175 ± 29117 ± 942 ± 2114 ± 2Diabetic transplant recipients (type 1)
580 ± 73919 ± 462 ± 6216 ± 544 ± 1514 ± 2Healthy

StimRestStimRestStimRest
TNF-αIFN-γIL-2

Table 2. Median florescence intensity of T-cell intracellular cytokines (*P<0.05)

61 ± 58* 12 ± 1124 ± 1415 ± 10335 ± 303109 ± 47Non diabetic transplant recipients
37 ± 2111 ± 1522 ± 1818 ± 22204 ± 132120 ± 42Diabetic transplant recipients (type 2)
42 ± 2512 ± 1021 ± 1115 ± 8323 ± 26699 ± 47Diabetic transplant recipients (type 1)
86 ± 6012 ± 1239 ± 1715 ± 8389 ± 28585 ± 31Healthy
StimRestStimRestStimRest

CD95CD86CD54

Table 3. Median florescence intensity of B-cell surface markers (*P<0.05)
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Figure 4. Comparison of IL-2 expression in CD3+ cells in cyclosporine and tacrolimus 
patients before dose and at 2 hours post dose.
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Figure 5. Comparison of CD95 expression on CD19+ cells in cyclosporine and tacrolimus 
patients before dose and at 2 hours post dose.
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Figure 3A-C. Intracellular cytokine levels in the presence of varying concentrations of tacrolimus 
in blood samples from three healthy subjects.

RESULTS                                                         


