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Abstract

Regulatory Tcells (Treg) are natural suppressors of autoimmunity. Previous studies indicate that immuno-
suppressive drugs, especially calcineurin-inhibitors, may interfere with Treg homeostasis. Inflammatory 
bowel disease (IBD) can relapse or develop de novo after liver transplantation. IBD is associated with a rela-
tive deficiency of Treg. The aim of this study was to determine the effect of long-term immunosuppression 
on the presence of Treg in the non-inflamed colonic mucosa of liver transplant recipients. Colonic biopsies 
of normal mucosa of 36 liver transplant recipients on different types of immunosuppression and 11 controls 
were studied. Treg marker Foxp3 and Treg products Transforming growth factor-β (TGF-β) and Interleukin-
10 (IL-10) were studied by Q-PCR and immunohistochemistry. TGF-β induced Smad-protein 3 and 7 were 
studied by Q-PCR. No significant differences between controls and patients were observed in IL-10, TGF-β 
and Smad expression. Mucosal Foxp3 mRNA levels and Foxp3+CD3+ cells were significantly reduced in trans-
plant recipients using prednisone/azathioprine/tacrolimus compared to controls but no direct relationship 
between Foxp3 expression and one specific drug was detected. These results challenge the hypothesis that 
calcineurin-induced reduction of Treg or TGF-β expression predisposes non-transplanted tissue to inflam-
mation, but indicate that combined immunosuppression hampers Treg development in the intestine.

Financial disclosure: this study was partially funded through an unrestricted grant from Novartis BV to 
G. Dijkstra.

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are inflammatory bowel diseases (IBD) of 
the digestive tract that are thought to result from inappropriate and ongoing activation of 
the mucosal immune system driven by the presence of normal luminal flora 1. Although the 
pathogenesis of IBD is incompletely understood, both environmental and genetic factors 
play an important role. 

Increasingly, immunomodulatory drugs such as azathioprine, methotrexate, infliximab and 
calcineurin-inhibitors (cyclosporine A) are used in the treatment of IBD. A number of these 
drugs are well known from the field of transplant medicine, where they are being used to 
prevent rejection of the transplanted allograft.

Although many different cell types are involved in modulating the immune response, re-
cently so called regulatory T-cells (Treg) have gained a lot of attention. Regulatory T-cells are 
subsets of T-cells involved in the maintenance of peripheral self-tolerance by actively sup-
pressing the activation and expansion of autoreactive T-cells 2.  Different types of Treg have 
been defined. The two most important subtypes of Treg are the CD4+CD25+ Treg and the 
Interleukin-10 (IL-10) secreting Treg 3. Treg have been associated with infection, inflamma-
tion and carcinogenesis in both humans and animal models. Substantial controversy exist 
concerning the actual mechanism by which Treg regulate the immune response in vitro and 
in vivo. The two most extensively studied mechanisms are regulation via direct cell-cell con-
tact and regulation via soluble mediators. In vivo, transforming growth factor β (TGF-β) and 
interleukin-10 appear important effectors of Treg function 3;4. Numerous markers have been 
used to identify Treg, such as CTLA-4, GITR and neutropilin-1. It appears that especially the 
forkhead/winged helix transcription factor foxp3 is a reliable marker of Treg 5.

A relative shortage of CD4+CD25+ Treg has been observed in patients with IBD, espe-
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cially ulcerative colitis, and a causative relationship has been established in animal models 
of inflammatory bowel disease 6-8. 

Recently, regulatory T-cells have been studied in the context of immunosuppressive medi-
cation and transplantation. Diverse effects of the different types of drugs on Treg were re-
ported 9-13. It appears that calcineurin-inhibitors (tacrolimus, cyclosporine) that are used to 
prevent rejection after transplantation reduce the number of Treg. This is not a surprising 
finding, since calcineurin inhibitors inhibit the IL-2 production by T-cells, which is considered 
to be of crucial importance for Treg development and function  3;4;14.

We recently described a high risk for the development of inflammatory bowel disease after 
liver transplantation for autoimmune hepatitis (AIH) or primary sclerosing cholangitis (PSC), 
despite the ongoing use of immunosuppression15;16. This risk was especially high in patients 
using tacrolimus, a more potent calcineurin-inhibitor than cyclosporine. We even found that 
these drugs may increase IBD activity in these patients. Therefore, we hypothesized that cal-
cineurin-inhibitors influence the risk for IBD through their inhibitory effect on Treg abundance 
and function. The effects of immunosuppressive drugs on intestinal Treg have not been 
studied to date.

The aim of this work was to study the influence of long-term immunosuppression on the 
presence of regulatory T-cells and their products in vivo in the human non-inflamed colonic 
mucosa of liver transplant recipients.

Patients and methods

Subjects 
To study the effects of immunosuppression on healthy colonic mucosa, patients that under-
went colonoscopy for clinical purposes (mostly screening for colorectal carcinoma) and were 
using maintenance immunosuppressive drugs after liver transplantation were included in the 
current study. Mucosal biopsies were taken from the ascending and transverse colon. Patients 
had to be on stable immunosuppression, without signs of allograft rejection or infection of 
any kind. Patients with impaired coagulation as defined by increased INR, use of anticoagu-
lants or a platelet-count below 50.000/ml were excluded, as well as patients with abnormal 
findings during endoscopy apart from uncomplicated diverticulosis. Also patients with active 
viral hepatitis or current non-skin malignancy were excluded. 

Subjects without a previous transplantation, that underwent colonoscopy for screening for 
colorectal carcinoma or because of abdominal complaints, who were not known with any 
medical condition and not using any immunosuppressive drugs, and with normal endos-
copy findings were included as controls.  Only biopsies from patients and controls that had 
completely normal colonic mucosa as judged by an independent gastrointestinal pathologist 
were further analyzed.  

Biopsy collection. 
Biopsy specimens were collected for immunohistochemistry and polymerase chain reaction 
(PCR). The biopsy specimen used for immunohistochemistry was formalin fixed. Specimens 
to be used for PCR were put in an RNAse-free tube, snap frozen in liquid nitrogen and stored 
at a temperature of -80°C until further analysis.        
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RNA isolation and reverse-transcriptase polymerase chain reaction. 
Frozen samples were homogenized in TRIzol reagent (Invitrogen life science technologies, 
Breda, the Netherlands) by handshaker. After processing, the RNA-pellet was washed with 
ethanol and dissolved in RNAse-free water. RNA was quantified using Ribogreen (Molecular 
probes Inc., Eugene, OR, USA) according to the manufacturer’s instructions. Reverse tran-
scriptation was performed using 2.5µg of RNA with random primers diluted to a total volume 
of 50µl (Reverse Transcription System, Promega, Madison, WI, USA). After termination of the 
cDNA synthesis, the reaction mix was diluted in an appropriate volume and stored at -20ºC. 
Quantitative analysis was performed using real-time detection RT-PCR. 

Quantitation of Smad-3, Smad-7 and foxp3 cDNA was performed using 4 microliters of 
20-fold diluted cDNA for each reaction using an Assay on Demand (Applied Biosystems, 
Foster City, CA, USA) according to the manufacturer’s instruction. Quantitation of TGFβ, 
IL-10 and Human Beta-defensin 2 cDNA was performed using 4 microliters of 20-fold di-
luted cDNA for each PCR reaction in a final volume of 20µl, containing 900 nmol/L sense 
and anti-sense primers, 200 nmol/L of fluorogenic probe, 5mmol/L MgCl2, 0.2 mmol/L 
deoxyribonucleoside triphosphate mix, real-time buffer (10x) and 0.5 U Hot Goldstar DNA 
polymerase (qPCR Core kit, Eurogentec, Seraing, Belgium). The primer sets and probes for 
human TGF-β  were:  sense: 5’-CGA GAA GCG GTA CCT GAA-‘3; antisense: 5‘-TGA 
GGT ATC GCC AGG AAT TGT-‘3; and probe: 6-Fam-5’-CAG CAC GTG GAG CTG TAC 
CAG AAA TAC AGC-‘3-tamra (Eurogentec, Seraing, Belgium); for IL-10: sense: 5’-GCC 
GTG GAG CAG GTG AAG-3’; antisense: 5’-GAA GAT GTC AAA CTC ACT CAT GGC-3’; 
probe: 6-Fam-5’-TGC CTT TAA GCT CCA AGA GAA AGG CAT CTA CA-3’-Tamra (Euro-
gentec, Serain, Belgium); and human beta defensin  2: sense: 5’-ctc GTT CCT CTT CAT ATT 
CCT GA-3’; antisense: 5’-CTA GGG CAA AAG ACT GGA TGG C-3’; and probe: 5’-CCT 
ATA CCA CCA AAA ACA CCT GGA AGA GG-3’.

Detection of TGF-β, IL-10 and HBD-2 was performed using the ABI PRISM 7700 (PE Ap-
plied Biosystems), initialized by 10 min at 95ºC, followed by 40 cycles of 15 sec at 95ºC 
and 1 min. at 60ºC. Each sample was analyzed in duplicate. Housekeeping genes (18 S 
ribosomal RNA, Glyseraldehyde-3-phosphate dehydrogenase (GAPDH), RNA polymerase 
II (RP-2) hypoxanthine-guanine-phosphoribosyltransferase (HPRT), beta-2-microglobulin 
(B2M), TATA box binding protein (TBP)) were tested for their applicability in PCR of the co-
lonic mucosa. RP2 was most reliably and most stably expressed, and Ct values resembled 
those of the target genes. Thus, RP-2 expression levels were used as endogenous controls.  
Data were analyzed by the ΔΔCt method 17.

Immunohistochemistry
For immunohistochemistry, 4µm thick slides were cut from mucosal biopsies and deparaffin-
ized. For TGF- β staining, antigen retrieval was performed by heat exposure in the microwave 
for 15 min at 300 Watt with slides immersed in citrate-buffer. The slides were rinsed and 
washed in phosphate buffered saline (PBS) and endogenous peroxidase was blocked using 
hydrogen peroxidase. TGF-β staining was performed using a rabbit polyclonal antibody 
against human TGF-β1 (Santa Cruz Biotechnology Inc.). Slides were incubated overnight 
with antibody diluted to 1:100 at 4ºC, washed and incubated with a commercial detection 
kit (Envision/DAB, Dako Cytomation, Heverlee, Belgium). Slides were counterstained with 
haematoxilin. Human lung was used as positive control.

For foxp3/CD3 staining, heat-induced antigen retrieval was performed by overnight ex-
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posure to 80ºC in a warm chamber with the slides immersed in Tris-EDTA buffer. To study 
foxp3-expression at the protein level, we studied the percentage of foxp3+ CD3+ cells. 
First, staining protocols were optimized using human spleen as positive control. In all stain-
ings, negative controls were performed by omitting the primary antibody. A double staining 
of foxp3/CD3 was performed. Endogenous peroxidase was blocked using hydrogen per-
oxidase, endogenous streptavidine and biotin was blocked using a commercial kit (Vector 
lab kit SP-2002, Peterborough, England). Anti-foxp3 (mouse monoclonal against human 
foxp3, ab22509, Abcam, Cambidge, England) and anti-CD3 (rabbit polyclonal against 
human CD3, AB 0452, Dako Cytomation, Heverlee, Belgium) were applied for 75 minutes 
at room temperature at a concentration of 1:100 and 1:1000 respectively, after which a 
secondary antibody (goat-anti mouse and goat-anti rabbit, catalogue nrs. 1050-05 and 
4050-08, Southern Biotechnology, Birmingham, USA) and tertiary antibody (Streptavidine-
AF, Dako Cytomation, Heverlee, Belgium) were applied for 30 minutes. Slides were rinsed 
in PBS. The alkaline phosphatase reaction was performed using Fastblue solution (Sigma, 
Steinheim, Germany), the peroxidase reaction using a commercial kit (Novared, Vector lab 
kit SK 4800). 

This resulted in a double labeling with CD3+ cells staining blue, and foxp3+ cells staining 
red. Subsequently, the percentage of CD3 positive cells that also stained positive for foxp3 
was determined. Briefly, the percentage of foxp3+ cells of the population of CD3+ cells was 
calculated in 10 random high power field per biopsy.

Statistical analysis
Data between the different groups were analyzed by a Mann-Whitney U test. Correlation 
between age, time since transplantation and laboratory values was tested using the Pearson 
correlation test. A p-value of 0.05 or less was considered to indicate statistical significance.

Ethical statement
This study was approved by the institutions medical ethics committee. All patients gave writ-
ten informed consent prior to inclusion.
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Results

Subjects
Colonic biopsies were taken from 36 patients under immunosuppresion after liver trans-
plantation and 11 controls without any medication. Patient characteristics are summarized 
in table 1. 

Inflammation 
Inflammation was absent in all biopsies as judged from routine haematoxylin and eosin 
staining by an independent pathologist. The absence of inflammation was also confirmed by 
the absence of the inflammation-associated gene for human B-defensin 2 (HBD-2) by Q-
PCR (data not shown). HBD-2 is upregulated in inflammation, and barely present in normal 
mucosa 18;19. 

Foxp3 expression
Next, we determined the relative mRNA levels of the Treg marker Foxp3 by Q-PCR. As can 
be seen in figure 1, two patient groups showed significantly different colonic Foxp3 lev-
els compared to controls. Patients using a triple-therapy regimen consisting of prednisone/
azathioprine/tacrolimus or prednisone/azathioprine/cyclosporine had significantly reduced 
foxp3 expression (p=0.0127 and p=0.0136 respectively).  This difference was not present 
in patients using tacrolimus mono-therapy or a combination of prednisone/azathioprine. 

Table 1. Patient characteristics.

Variable Number

Number of controls

Male / Female

Number of patients

Male/female

Age (median, range)

Primary liver disease

Post-alcoholic cirrhosis

Primary sclerosing cholangitis

Autoimmune hepatitis

Primary biliary cirrhosis

Cryptogenic cirrhosis

Other

Years after transplantation (median, range)

Immunosuppressive protocol

Tacrolimus 

Prednisone / azathioprine

Prednisone / azathioprine / cyclosporine

Prednisone / azathioprine / tacrolimus

11

6 / 5

36

18 / 18

53 (21-71)

8

7

6

5

3

7

9.7 (0.6 – 22.1)

7

15

9

5
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There was no relationship between foxp3-expression and primary liver disease (immune-
mediated disease vs. other), gender, age, or time since liver transplantation. It thus appears 
that not the type of immunosuppression used, but the cumulative immunosuppressive effect 
of these drugs influences the amount of regulatory T-cells in the colonic mucosa. 

To confirm our findings at the level of protein-expression, we calculated the percentage 
of foxp3+ / CD3+ cells per 10 high power fields (HPF’s) in the lamina propria. Results are 
shown in table 2. The only group that differed significantly from controls was the group using 
prednisone/azathioprine/tacrolimus (p=0.016).

7.5

5.0

2.5

0.0

Foxp3

Con               FK              P/A          P/C/A         P/FK/A

0.0127
0.0136

Figure 1. Expression of foxp3 mRNA in colonic mucosal biopsies.
Total RNA was isolated from biopsies from the non-inflamed transverse colon of liver transplant recipients on different im-
munosuppressive regimens and controls. Foxp3 mRNA was quantitated wit Real Time PCR. Expression levels were normalized 
to the housekeeping gene RP-2. Data are expressed as means ± SD.
Con: controls, FK: tacrolimus monotherapy, P/A: prednisolon / azathioprine, P/C/A: prednisolon / cyclosporine/azathio-
prine, P/FK/A: prednisolon /tacrolimus / azathioprine

Table 2

Group % of foxp3+/CD3+ cells

Healty controls

Tacrolimus

Prednisone/azathioprine

Prednisone/azathioprine/cyclosporine

Prednisone/azathioprine/tacrolimus

3.6 ± 2.6

1.8 ± 0.9

2.5 ±1.1

2.5 ± 1.6

0.9 ± 0.4 *

Values are mean +/- standard deviation  
 * p=0.016 compared to controls



134 Chapter 8

Regulatory cytokines: TGF-β and IL-10 expression 
Since TGF-β and IL-10 are important effector-molecules of Treg function in vivo, we studied 
these cytokines in our samples.
First, TGF-β expression was studied by immunohistochemistry. TGF-β staining was found in 
immune cells located in the lamina propria (T-cells, neutrophils, macrophages, monocytes), 
and less intense along the luminal surface of the epithelium (figure 4). This is in accordance 
with previous studies on TGF-β expression in colonic mucosa 20-22. There were no inter-group 
differences found in staining intensity when scored semi-quantitatively (results not shown). 
This observation was confirmed by Q-PCR to determine the TGF-β mRNA levels (figure 2). 
We did not observe any significant differences between any of the immunosuppressive pro-
tocols and controls.
Not only TGF-β, but also IL-10 is associated with Treg function. Some have suggested that 
IL-10 secreting regulatory T-cells do not express foxp3 23. Thus, we aimed to study the expres-
sion of IL-10 in our samples. By RT-PCR, IL-10 was barely or not detectable in our samples. 
No intergroup differences were observed (results not shown).    

Smad-3 and smad-7 expression
TGF-β signalling is transduced via a family of proteins called Smad’s. To exclude an in-
fluence of immunosuppressive drugs on the downstream pathways of TGF-β function not 
reflected in TGF-β levels, we studied Smad-expression in our samples. Smad’s can be subdi-
vided in signal-transducing receptor-activated Smad’s (Smad’s 1,2,3,5,8 and 9), a common 
mediator Smad (Smad 4), and inhibitory Smad’s (Smad 6 and 7) 24. Especially the Smad’s 3 
and 7 appear to be important in colonic inflammation 24;25. We did not find any significant 
differences between groups for either of these two Smad’s (see figure 3). 

4

3

2

1

0
Con               FK              P/A          P/C/A         P/FK/A

Fa
ct

or
TGF-β

Figure 2. Expression of TGF-β mRNA in colonic mucosal biopsies
Total RNA was isolated from biopsies from the non-inflamed transverse colon of liver transplant recipients on different 
immunosuppressive regimens and controls. TGF-β mRNA was quantitated with Real Time PCR. Expression levels were nor-
malized to the housekeeping gene RP-2. Data are expressed as means ± SD,  Con: controls, FK: tacrolimus monotherapy, 
P/A: prednisolon / azathioprine, P/C/A: prednisolon / cyclosporine/azathioprine, P/FK/A: prednisolon /tacrolimus / aza-
thioprine
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    8
    7
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    5
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Con           FK            P/A         P/C/A     P/FK/A
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Figure 3. Smad-3 and Smad-7 mRNA expression
Total RNA was isolated from biopsies from the non-inflamed transverse colon of liver transplant recipients on different 
immunosuppressive regimens and controls. Smad3 and smad 7 mRNA was quantitated wit Real Time PCR using an assay on 
demand. Expression levels were normalized to the housekeeping gene RP-2. Data are expressed as means ± SD.
Con: controls, FK: tacrolimus monotherapy, P/A: prednisolon / azathioprine, P/C/A: prednisolon / cyclosporine/azathio-
prine, P/FK/A: prednisolon /tacrolimus / azathioprine
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Figure 4.  A. Colonic mucosa. Immunohistochemical double staining with CD3+ cells in blue (membranous), and 
foxp3+ cells in red (nuclear). 20x magnification. 
B. Colonic mucosa. Immunohistochemical staining of transforming growth factor- β (TGF- β) in brown, counter-
staining with haematoxilin. 20x magnification.

A

B
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Discussion
Regulatory T-cells and their products are increasingly recognized as crucial for the prevention 
of auto-immune disease, allergy and rejection of transplant allografts. Interestingly, TGF-β, 
one of the main mediators of Treg-function has been studied quite extensively in the setting 
of organ transplantation.

Most previous studies show an influence of immunosuppressive drugs, especially calcineu-
rin-inhibitors (CNI’s) on foxp3 and TGF-β expression in transplanted organs and peripheral 
blood. In clinical studies from our group, we found a high risk of IBD after liver transplanta-
tion, with more active disease compared to the pre-transplant situation and we hypothesised 
that this might be due to an altered regulatory T-cell compartment in the colon. This hypoth-
esis appeared especially attractive, since the largest risk of post-transplant IBD was seen in 
patients using tacrolimus, a very strong IL-2 inhibitor 15.

In the present study, we did not find a drug-specific effect on regulatory T-cells. Especially, 
the use of tacrolimus monotherapy did not influence foxp3-expression, neither at the mRNA 
nor at the protein level. We did however find a decreased relative amount of foxp3+ cells 
in patients using a triple-drug regimen immunosuppression, especially when this contained 
tacrolimus. It thus appears that it is not one specific drug, but more the cumulative amount 
of immunosuppression that influences foxp3-expression. 

Three factors can be responsible for the difference between our findings and previous 
reports on the influence of CNI’s on regulatory T-cells. First, the vast majority of previous 
reports from other groups is based on in vitro studies. We only looked at the in vivo situation. 
Conflicting results have been well recognized when studying Treg in vivo and in vitro. Second, 
we studied non-inflamed mucosa. Possibly there is a difference in the context of inflammation 
that is not observed in a situation without pathological inflammation. One can imagine that 
an influence on IL-2 production and thus Treg proliferation by CNI’s is especially apparent in 
a situation of increased production of this cytokine by Tcells such as profound inflammation. 
A third explanation may be that we studied the population of foxp3+ cells as a whole. Re-
cently, Coenen et al showed that cyclosporine influences not necessarily the total population 
of Treg, but especially the most active foxp3+ cells, characterized by CD27-positivity 26. We 
did not study subsets of Treg in our material. 

Unexpectedly, we did not find a difference in TGF-β expression in any of the groups when 
compared to healthy controls. Although previous studies differ markedly concerning materi-
als and methods and results, most suggest an increase of TGF-β expression in patients using 
cyclosporine, and possibly also in  patients using tacrolimus 27-35. We could not confirm these 
observations in our patient group.

A number of factors can be responsible for the discrepancy of these findings. All of the pre-
vious work on this subject was done either in vitro, or by studying the transplanted organ or 
peripheral blood. To our knowledge, we are the first to study TGF-β expression in the context 
of organ transplantation, in a non-transplanted organ. Another possible explanation is that 
the not-significant differences that we found will reach statistical significance in a setting of 
inflammation, when TGF-β expression is markedly up regulated and possible differences will 
be much more apparent. 

With the present findings, we can not explain our clinical observation of frequent IBD after 
OLT, especially in patients using tacrolimus. As mentioned above, it could well be that differ-
ences in influence on Treg proliferation are actually present in case of inflammation, and not 
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reflected in the amount of Treg in the non-inflamed mucosa.
There may be however, other explanations for our clinical observation. Possibly, CNI’s do 

not alter the Treg mediated tolerance, but do alter other mechanisms of peripheral toler-
ance, such as Tcell-anergy or activation induced cell death (AICD). There is substantial 
evidence suggesting an influence of CNI’s on these processes36-41. 

Finally, our previous clinical studies focussed on patients with an increased risk for the 
development of IBD: patients transplanted for PSC and AIH. The current population includes 
patients with all types of primary liver disease. Although we could not find differences in Treg 
and Treg products in patients with an immune-mediated primary liver disease compared to 
those with other primary diseases, in this small subset of patients this might explain some of 
the discrepancies between clinical observation and laboratory results.

Besides inflammation, TGF-β is also considered important in carcinogenesis. The risk 
of malignancies, including colorectal carcinoma, is markedly increased in liver transplant 
recipients 42-44.   Also the risk of colorectal adenomas appears to be increased 45. Previously, 
this effect has been attributed to CNI-induced TGF-β production 46;47. Importantly, we did 
not find a significant influence of any of the regimens studied on TGF-β expression. Possibly, 
carcinogenesis is influenced by other factors, such as latent viral infection. Antoher possible 
explanation would be that TGF-β production is only influenced by CNI’s in (pre-) malignant 
tissue, and not in normal non-inflamed mucosa.

In conclusion, we did not find a relationship between any specific immunosuppressive drug 
and foxp3-expression in the normal non-inflamed colon of liver transplant recipients. We did 
find a significant reduction in foxp3 expression in patients using a triple regimen including 
prednisone/azathioprine and a calcineurin inhibitor, especially tacrolimus. The expression of 
TGF-β and IL-10 in the colon is not influenced by any of the regimens studied. These results 
challenge the hypothesis of a CNI-induced reduction in regulatory T-cells and increase in 
TGF-β expression in non-transplanted, non-inflamed tissue, but indicate that combined im-
munosuppression hampers Treg development in the intestine.
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