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INTRODUCTION
End stage renal disease causes lot of morbidity and mortality, which 
may be considerably reduced by renal transplantation. A major 
concern however is, the lifelong requirement for immunosuppression 
maintenance to prevent allograft rejection. These drugs apart 
from having many side effects, also predisposes the patients for 
opportunistic infections. A newly proposed method to counter this 
problem is to induce immune tolerance [1].

Recently, a subset of CD4 lymphocytes known as regulatory T 
cells was found to downregulate the immune system [2]. If their 
levels are more, immune tolerance can be increased. So if Treg 
cell levels are increased in a renal transplant recipient, the dose 
of immunosuppressive drugs can be reduced. At present, renal 
transplant recipients are given a regimen of drugs, of which 
calcineurin inhibitors like tacrolimus are a major constituent. Several 
studies have found tacrolimus to be nephrotoxic [3]. This has 
resulted in substitution of tacrolimus, by mTOR (mechanistic Target 
of rapamycin) inhibitors like sirolimus in many cases. Interestingly, it 
was also observed that sirolimus increased the levels of regulatory T 
cells whereas tacrolimus reduced them [4,5]. This effect of sirolimus 
on regulatory T cell subsets has garnered a lot of interest and is 
presently a major focus of research.

The main aim of this study was to evaluate the varied effect of 
calcineurin inhibitors and mTOR inhibitors on Peripheral Blood T cell 
count in renal transplant recipients. We also intended to find T cell 
levels in the general population. This study was undertaken since 
there have been very few similar studies in India and none to our 
knowledge in Kerala, India.

MATERIALS AND METHODS
It was a cross-sectional comparative study conducted from 1st March 
2016 to 31st August 2017. The study included two groups of renal 

transplant recipients who came for follow-up to the Nephrology 
outpatient department at Government Medical College, Kozhikode, 
Kerala, India. Both groups were exclusively on either tacrolimus or 
sirolimus based regimen for a minimum period of at least six months. 
Patients in both groups were also being uniformly administered 
steroids and mycophenolate mofetil. A third group included in the 
study consisted of blood donors who came to the Blood Bank. They 
were taken as controls to ascertain the normal levels of T regulatory 
cell in the population. Patients who had history of any malignancy, 
autoimmune disease or those who were positive for HIV, hepatitis 
C antibody or HBsAg were excluded from the study, since these 
diseases are likely to interfere with the regulatory T cell levels.

The Institutional Ethics Committee clearance was obtained for 
this study and the IEC no is GMCKKD/RP 2015/IEC/12, dated 
14/12/2015.

2 mL of whole peripheral blood was collected from the antecubital 
vein in EDTA coated vacutainer tubes under standard aseptic 
conditions from all subjects after getting informed consent. Flow 
cytometry was done on the obtained blood sample to assess the 
levels of regulatory T cells. Immunophenotyping was done using 
immunophenotypic markers CD4, CD25 and FoxP3 in the 4 colour 
flow cytometer. All the markers were included in a single tube.

Procedure of flow cytometry and data interpretation: For surface 
antigen staining, 20 microlitre of antibodies CD4 and CD25 were 
added to 100 microlitre of blood sample after which the tubes were 
incubated in the dark. For nuclear antigen staining the cells were first 
fixed, permeabilized and 20 microlitre of FoxP3 antibody was added 
after which the tubes were incubated for 30 minutes in the dark. 
After washing and centrifuging the samples, the cell buttons were 
re-suspended in 500 microlitre of sheath fluid [6]. It was then run on 
a pre-calibrated flow cytometer (FACS calibur, BD biosciences).
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ABSTRACT
Introduction: A subset of CD4 lymphocytes known as regulatory 
T (Treg) cells is known to downregulate the immune system. If 
their levels are raised, immune tolerance can be increased. It was 
seen that certain drugs like tacrolimus (calcineurin inhibitor) and 
sirolimus (mTOR inhibitor) used for immunosuppression in renal 
transplant recipients influenced the Treg counts.

Aim: To evaluate the varied effect of calcineurin inhibitors and 
mTOR inhibitors on the peripheral blood Treg count in renal 
transplant recipients. We also sought to find the Treg cell levels 
in the general population.

Materials and Methods: It was a cross-sectional comparative 
study conducted on renal transplant recipients. The study included 
58 subjects, of which 36 were renal transplant recipients on 

immunosuppressive regimens. Among these 21 were on tacrolimus 
and 15 on sirolimus. The remaining 22 individuals were healthy 
controls. Immunophenotyping with flow cytometry was done 
on peripheral blood of the study subjects and their Treg levels 
ascertained. Data was analysed using SPSS software, version 18.

Results: The mean percentage of regulatory T cells in patients 
on tacrolimus, sirolimus and the control population were 
13.1±7.8%, 13.4±5.6% and 11.9±5.4%, respectively of the CD4 
lymphocytes. There were no statistically significant differences 
between the three groups with a p-value of 0.75.

Conclusion: Immunosuppression with tacrolimus or sirolimus 
based regimens did not influence the Treg cell levels. The 
regulatory T cell levels in patients on these regimens were 
similar to the healthy control population.
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DISCUSSION
Immunosuppressants have many side effects which has forced the 
scientific community to look into alternative methods for reducing the 
immune responses in renal transplant recipients. Immune tolerance 
inhibits the excessive immune reactions against the graft. It means 
if immune tolerance is increased, patients can tolerate allografts 
without depending much on maintenance of immunosuppressive 
drugs. T regulatory cells increases immune tolerance and are known 
to positively influence the survival of kidney allograft [7].

In recent times, studies have shown the existence of a subgroup of 
patients who could naturally tolerate their allografts without the use of 
maintenance immunosuppression [1,8]. Andreola G et al., reported 
successful acceptance of kidney allografts without maintenance of 
immunosuppression in a small case series of five patients. Long-
term renal allograft acceptance without immunosuppression was 
achieved in 4 of 5 patients studied [9]. Another case report of 
long-term survival in a renal transplant recipient without maintenance 
immunosuppression was reported from China in 2018 [10]. A large 
scale study conducted by Braza F et al., showed that the percentage 
of circulating regulatory T cells was higher in tolerant recipients 
[11]. Similar results have been demonstrated by a number of other 
studies [12,13].

In the present study the mean percentage of T regulatory cells did 
not show any statistically significant difference between the patients 
on tacrolimus and sirolimus. This was not in agreement with the 
previous studies, which showed that tacrolimus decreased whereas 
sirolimus increased the levels of regulatory T cells. A study by 
Segundo DS et al., demonstrated tacrolimus in contrast to sirolimus, 
reduced the percentages of regulatory T cells [5]. Another study 
done by Battaglia M, showed that sirolimus selectively expands 
regulatory T cells [4]. 

According to previous studies, T regulatory cell count is estimated 
to be 5-10% of CD4 positive T cells [14]. Very few studies have 
been done to estimate the Treg cell levels in the Indian population. 
One pilot study done in India by Sabarish R et al., in seven normal 
healthy individuals reported the mean percentage of regulatory T 
cells as 14.75±5.04 [15]. In the present study the mean percentage 
of regulatory T cells in the healthy controls obtained was 11.9±5.4% 
of CD4 lymphocytes.

Our study is significant since very few similar studies have been 
done in India and an extensive literature search did not show any 
such study done in Kerala. The results observed have not been in 
agreement with the studies done previously in other parts of the 
world as we did not find a significant difference in the T regulatory cell 
levels between the two drug groups. Another interesting observation 
was that the T regulatory cell levels in the healthy control group were 
similar to the patient groups.

LIMITATION
A limitation of our study was the small sample size. The minimum 
time period between immunosuppressive drug administration and 
Treg cell level determination was only six months.

RECOMMENDATIONS
Further larger studies with more time interval after immunosuppressive 
drug administration are needed to confirm, if the observations of the 
present study are unique to our population. 

CONCLUSION
The present study showed that the regulatory T cell levels were not 
affected by tacrolimus or sirolimus in renal transplant recipients. The 

As shown in [Table/Fig-1], the lymphocyte population was gated 
from the forward scatter/side scatter plots. The CD4 positive 
lymphocytes were further gated. Quadrants were drawn on the 
cytogram utilising unstained samples as controls. The percentages 
of the CD4 lymphocytes that were positive for both CD25 and 
FoxP3 were taken as regulatory T cells.

[Table/Fig-1]: An example for the flow cytometry plot showing the gating strategy.

STATISTICAL ANALySIS
Statistical analysis was done by using SPSS 18.0 software. The 
quantitative variables were expressed as mean±standard deviation 
and their statistical significance was analysed using ANOVA test. 
The p-values <0.05 were considered statistically significant. 

RESULTS
A total of 58 individuals were included in this study. Among them 
36 individuals were renal transplant recipients, who were being 
administered immunosuppressants and 22 individuals were healthy 
controls [Table/Fig-2].

[Table/Fig-2]: Pie chart showing the number of cases and controls.

tacrolimus Sirolimus control p-value

Mean Percentage of Tregs 
among the CD4 lymphocytes (SD)

13.1 (7.8) 13.4 (5.6) 11.9 (5.4) 0.75

[Table/Fig-3]: Mean percentages of tregs among the CD4 lymphocytes.

The age of the individuals included in the study sample ranged from 19 
years to 57 years. The mean age for tacrolimus and sirolimus based 
regimens were 36.9±7.9 years and 38.4±10.3 years, respectively. 
The mean age of the healthy controls was 30.9±8.3 years.

The T regulatory cell count was expressed as percentage and 
the mean percentage of T regulatory cells among CD4 positive 
lymphocytes were estimated and compared between the three 
groups. There was no statistically significant difference between the 
groups (p-value 0.75). The mean percentage of regulatory T cells in 
the healthy controls was 11.9% of CD4 lymphocytes [Table/Fig-3].
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Treg levels in peripheral blood of these patients were comparable to 
the healthy population.
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