
Abstract. Numerous germline mutations in the
adenomatous polyposis coli (APC) tumor-suppressor gene
are responsible for development of multiple adenomatous
colorectal polyps with their inevitable progression to cancer.
Multiple attempts at dietary and pharmacological prevention
of colorectal carcinoma development in patients with familial
adenomatous polyposis (FAP) have provided conflicting
results. Immunosuppressive treatment with tacrolimus is
known to be associated with an increased risk of malignancy
and should be avoided in patients with high propensity for
development of neoplasia. We observed a complete reversion
of FAP phenotype in a male teenager carrying a germline
mutation in APC gene who underwent a kidney transplant
due to end-stage kidney disease secondary to congenital
dysplastic kidneys. The patient was treated with tacrolimus
and mycophenolate mofetil after transplantation. The
possible chemopreventative role of these agents should be
evaluated and confirmed in a larger cohort. The elucidation
of molecular mechanisms underpinning the observed
chemopreventative effect of tacrolimus and mycophenolate
mofetil might lead to the development of a novel colorectal
cancer therapy.

Familial adenomatous polyposis (FAP) is a rare autosomal-
dominant disorder that stems from loss-of-function
mutation in the adenomatous polyposis coli (APC) gene.
The wild-type tumor-suppressor APC gene encodes a large
polypeptide that is a part of the APC–axin–glycogen
synthetase kinase 3β complex in the cell cytoplasm, which
functions to phosphorylate β-catenin, targeting the latter
for degradation in the proteasome. In the absence of
functional APC protein, unphosphorylated β-catenin
accumulates in the cytoplasm, and is translocated to the
nucleus, where it couples with members of TCF/LEF
transcription factors in order to activate transcription of
WNT pathway target genes, namely matrilysin, cyclin D1,
and T-lymphoma invasion and metastasis-inducing protein
TIAM1. This can result in development of multiple polyps
in the colon of patients, sometimes with virtual
replacement of colonic mucosa with hundreds and
thousands of polyps (1-3). It should be noted that an
alternative, β-catenin-independent WNT signaling
pathway, termed non-canonical WNT, exists (3). Polyps in
patients with FAP inevitably progress to adenocarcinomas.
Management of FAP includes annual colonoscopy, starting
at puberty, with removal of polyps, and can require
prophylactic colectomy (2). 

Although a plethora of drugs and dietary supplements has
been implicated in chemoprevention of colon cancer, their
use is not endorsed by existing guidelines (4-6).

We herein describe a case of regression of colonic polyps
in a teenager with FAP who was treated with tacrolimus and
mycophenolate mofetil following kidney transplantation and
discuss the possible mode of chemopreventative action of
these medications in colorectal cancer. 
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Case Report

A 19-year-old patient of Sephardic Jewish origin was
diagnosed with attenuated FAP at the age of 13 years. The
genetic test, which revealed c.2520-2521delCT(het) STOP
deletion mutation in codon 15 of the APC gene, was performed
due to the family history of FAP. The patient's grandmother
died from metastatic adenocarcinoma of the colon at the age
of 59 years. Ten family members had undergone colectomy due
to multiple polyps at various ages (range=17-38 years) and one
of them had died from desmoid tumor at the age of 26 years,
6 years after colectomy (Figure 1).

The first screening colonoscopy of the patient under
observation was performed at 13 years of age and was
negative for colonic polyps. However, the next colonoscopy
two years later, revealed 10 adenomatous polyps that were
removed during colonoscopy. Histology of the resected polyp
showed fragments of colonic mucosa with adenomatous
changes and low-grade dysplasia (Figure 2A). The next
colonoscopy, performed a year later, at the age of 16 years,
revealed five additional tubular adenomas and low-grade
dysplasia of mucosa. It should be noted that in addition to
FAP, our patient suffered from end-stage renal disease due to
congenital dysplastic kidneys and at the age of 16 years
underwent kidney transplantation. Following transplantation,
the patient was treated daily with 2 mg tacrolimus, 750 mg
mycophenolate mofetil (MMF) and 5 mg prednisone.
Subsequent colonoscopies performed 6 and 14 months after
kidney transplantation revealed 10 and three small polyps,
respectively, which were removed. Six months later, during
the next colonoscopy, there were no macroscopically
detectable polyps, but histological analysis of multiple

randomized biopsies of colonic mucosa showed adenomatous
changes in 5 of 20 biopsies. Eight months later, adenomatous
changes were found only in one crypt from 20 randomized
biopsies of normal-looking colonic mucosa. The last
colonoscopy, three and a half years after initiation of
antirejection therapy, showed only lymphonodular
hyperplasia without adenomatous changes (Figure 2B). 

Discussion

We present a case of complete regression of colonic polyps
in a patient with FAP treated with tacrolimus and MMF. 

Tacrolimus is a macrolide antibiotic with immunomo-
dulatory properties. It binds to FK506 binding protein FKBP12
and this complex inhibits calcineurin phosphatase, which, in
turn, leads to inhibition of Ca-dependent events, such as
interleukin-2 secretion, activation of nitric oxide synthase, and
cell degranulation (7). Tacrolimus is widely used for prevention
of rejection following kidney transplantation (8).

Immunosuppressive therapy is known to increase the
general risk of malignancy, whereas tacrolimus use has
particularly been linked to augmented risk of solid cancer (9,
10). Accordingly, the use of immunosuppressive agents in
patients with cancer or precancerous lesions should be
avoided due to their cancer-promoting effect. In our case, the
use of tacrolimus was mandatory in order to suppress the
rejection of the kidney transplant. 

Notwithstanding our initial, well-founded concern,
tacrolimus and MMF treatment of our patient resulted in
rapid regression of multiple colonic polyps that had been
observed (and partially removed) during previous
colonoscopies prior to kidney transplantation.
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Figure 1. Pedigree of patient's family. Closed symbols, FAP. Arrow indicates the index case. CRC: Colorectal cancer, TPC: total proctocolecectomy,
IPAA: ileal pouch anastomosis, IRA: ileorectal anastomosis, D: death, y: years of age.



It is well known that patients with FAP have an almost
100% potential to develop colonic carcinoma by the age of
40 to 50 years (11). Attenuated FAP, observed in our patient
(as defined by later onset and relatively small number of
colonic polyps, fewer than 100) is less aggressive but still
inevitably progresses to colorectal carcinoma development
(11). We also know from our patient's family history that his
family members with the same mutation had polyps early in
life; the patient's grandmother died from metastatic colonic
carcinoma, a younger relative developed fatal desmoid tumor
after colectomy. These data indicate aggressive nature of this
particular nonsense APC mutation. 

This unanticipated absence of predicted aggressive course of
FAP in our patient following initiation of immunomodulatory
treatment prompted us to examine in detail the mode of action
of tacrolimus and MMF in order to find a plausible mechanistic
explanation for this intriguing clinical finding.

The nuclear factor of activated T-cell (NFAT) protein
family was initially discovered as key regulators of
interleukin-2 secretion and are currently known as targets of
tacrolimus and cyclosporine A immunomodulatory action via
calcineurin inhibition (12). The ability of tacrolimus to
inhibit NFAT signaling with subsequent down-regulation of
expression of oncogenic c-FOS and microphthalmia-
associated transcription factor (MITF) proteins is well known
and might present a possible mechanism explaining the
chemopreventative action of tacrolimus observed in our
patient (13). It is worth mentioning that MITF is known to
interact with β-catenin and to diversify the output of
canonical WNT signaling, with subsequent enhancement of
the repertoire of genes regulated by β-catenin (14). Given

the fact that NFAT is a component of non-canonical (i.e. not
mediated by β-catenin) WNT signaling pathway, one can
entertain the possibility that inhibition of non-canonical
WNT might, at least partially, counteract the constitutive
activation of canonical WNT seen in FAP (15).

Recently, truncated fragments of the APC protein
observed in colorectal cancer, accumulated in the cytoplasm
as a result of nonsense mutations, have been shown to
disrupt the orderly migration pattern of enterocytes, leading
to overcrowding of intestinal crypts with precancerous cells
(16). NFAT is a potential regulator of metastasis-associated
transcriptional program and expression of NFATc1 has been
associated with invasive behavior of colon cancer cells (17).
Perhaps the potential ability of tacrolimus to impede local
invasion of transformed colonocytes contributed to the
regression of polyps in our patient.

Down-regulation of cell apoptosis is a well-known feature
of colorectal carcinogenesis, while multiple chemoprevention
modalities in colorectal cancer, such as use of non-steroidal
anti-inflammatory drugs (NSAIDs) are aimed at restoration
and even enhancement of apoptosis of colonic epithelial cells
(18, 19). Multiple mechanisms have been implicated in this
phenomenon (19). For our case, of particular interest is the
observation of the anti-apoptotic effect of WNT5A-NFAT
signaling (20). This observation, if coupled with the NFAT-
inhibitory action of tacrolimus, and earlier report of Choi et
al. on tacrolimus-induced apoptotic signal transduction
pathway, might provide another putative mechanism of
chemoprevention of tacrolimus in FAP, namely, enhancement
of apoptosis in colonic mucosa (21). Furthermore, tacrolimus
is known to induce increased secretion of transforming
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Figure 2. A: Pathological specimen at diagnosis: tubular adenoma with low-grade dysplasia. B. Pathological specimen obtained after three and a
half years of tacrolimus and mycophenolate mofetil treatment, showing colonic mucosa without dysplasia. Hematoxylin-eosin staining, original
magnification ×100.



growth factor-β (TGFβ) in mammalian cells (22).
Inactivation of TGFβ signaling, silencing its tumor
suppressor activity, is of utmost importance in the
development of colonic adenocarcinoma, whereas controlled
release of exogenic TGFβ effectively impeded colon
carcinogenesis in a murine model, as judged by significantly
reduced number of aberrant crypt foci (precancerous lesions)
and tumor number and size (23, 24). 

One should also take into consideration the possible
contribution of MMF to the observed attenuation of FAP
phenotype. MMF is a potent inhibitor of inosine
monophosphate dehydrogenase, the first enzyme in the de
novo purine synthesis pathway. MMF treatment reduces
guanine nucleotide pools in lymphocytes, with subsequent
inhibition of activity of T- and B-lymphocytes resulting in
immunosuppression (25). MMF is used extensively for post-
transplantation immunosuppression and for treatment of
autoimmune diseases, such as systemic lupus erythematosus
and systemic sclerosis. It should be noted that MMF use
following transplantation is not associated with an increased
risk of malignancy (26). As well as its prominent
immunosuppressive properties, MMF is endowed with tumor-
suppressing capacity. The antitumor potential of nucleotide
and nucleoside inhibitors of inosine monophosphate
dehydrogenase was demonstrated three decades ago (27). To
date, only scarce data referring to a putative anticancer effect
of MMF are available. Reduction of inosine monophosphate
dehydrogenase activity has been shown to potently inhibit
endothelial cell proliferation in vitro and block tumor-induced
angiogenesis in vivo (28). Furthermore, MMF is able to induce
G1-S phase cell-cycle arrest and caspase-dependent apoptosis,
as shown by alteration of mitochondrial membrane potential
and cytochrome c release followed by activation of caspases
(29). Of note, the pro-apoptotic effect of MMF is synergistic
to that of tacrolimus (21). 

Conclusion

To the best of our knowledge, this is the first report on the
ability of tacrolimus and MMF to impede development of
colonic polyps in a patient with FAP. Several putative
molecular mechanisms that might mediate this phenomenon,
are available. Indeed, a recent study of Kawara et al., who
demonstrated an anti-tumorigenic effect of tacrolimus and
cyclosporine A on bladder cancer cell lines and in mouse
xenograft model, coupled with the evidence that the anti-
tumorigenic effect is modulated by NFAT inhibition provides
robust support for our mechanistic interpretation of the
clinical observation (30). Furthermore, in a recent study,
Safaeian et al. analyzed the risk of colorectal cancer in US
patients who underwent solid organ transplantation and did
not observe elevated incidence of colorectal cancer in
patients treated with tacrolimus and MMF, as opposed to

patients treated with cyclosporine A and azathioprine post-
transplantation (31). These findings are consonant with our
conclusions. Further studies, aimed at deciphering the
molecular events in the colonic mucosa of our patient and in
untreated patients with FAP are underway. Our observation,
if confirmed on larger number of patients, might provide the
basis for the development of novel colorectal cancer
prevention and treatment modalities aimed at NFAT
inhibition and enhancement of apoptosis of colonic cells.
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