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Abstract: Tacrolimus is a macrolide agent that is now the primary
immunosuppressant used in prevention of graft rejection in transplant
recipients. It has been found to be superior to cyclosporine (CSA) for
rescue therapy as well as for earlier weaning of steroids. Both tacrolimus
and CSA share similar toxicity profiles; however, their gastrointestinal
side effects have received little attention. We report three cases of eo-
sinophilic colitis in liver transplant recipients, maintained on tacrolimus
as immunosuppressive medication post-liver transplantation. These
patients also had high serum immunoglobulin (Ig)E levels, eosinophilia
and IgE-positive radioallergosorbent test for milk proteins. The colitis
appeared to be mediated by food allergies. Each patient had sympto-
matic improvement following reduced immunosuppression and an
appropriately restricted diet. We conclude that tacrolimus may play a
role in the initiation of food allergies, leading to eosinophilic colitis.
More studies are needed in a controlled setting to identify the
prevalence of similar findings among other pediatric liver transplant
recipients.
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Tacrolimus is an 822 kDa macrolide molecule,
derived from the soil fungus Streptomyces tsuku-
baensis. Structurally it is different from CSA but
exhibits similar immunosuppressive activity
through inhibition of IL-2-induced T-cell activa-
tion. (1). Both tacrolimus and CSA also have
inhibitory effects on the elaboration of I1L-3 and

Abbreviations: CMV, cytomegalovirus; CSA, cyclosporine;
CT, computed tomography; EBV, Epstein—Barr virus; GI,
gastrointestinal; GM-CSF, granulocyte-macrophage col-
ony-stimulating factor; GVHD, graft vs. host disease; HLA,
human leukocyte antigen; Ig, immunoglobulin; IL, inter-
leukin; INF-v, interferon-gamma; LFT, liver function test;
NG, nasogastric; NPO, nil per os; OLT, orthotopic liver
transplantation; RAST, radioallergosorbent test; TNF-
alpha, a-tumor necrosis factor; VCAM, vascular adhesion
molecules.
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IL-4, through INF-y, TNF-alpha and GM-CSF.
Tacrolimus binds to immunophilins (proteins
that bind to immunosuppressive drugs) termed
FKBP-FK binding proteins. This complex then
binds to and inhibits the activity of calcineurin, a
serine—threonine phosphatase that plays a critical
role in IL-2 promoter induction during T-cell
activation (2). Tacrolimus also has been shown
to protect rat liver against warm ischemic injury
with respect to survival and lipid peroxidation
(3). It facilitates hepatic regeneration after partial
hepatectomy in rats and dogs; the exact mech-
anism remains unclear. This is in contrast to the
effects of steroids and azathioprine, which are
known to depress hepatic regeneration (3). Both
tacrolimus and CSA have been reported to
elevate serum IgE levels (4). Whether these levels



play a role in allergic responses or in induction of
local mucosal injury is not known. We undertook
the present review when three patients who had
undergone liver transplantation developed high
serum IgE levels, bloody diarrhea (gross or
occult), histologic evidence of colitis, and various
food allergies, especially to milk proteins.

Materials and methods

Retrospective chart review was undertaken when three
consecutively observed patients, who had received OLT,
developed food allergies. These patients were identified from
a total of 45 transplanted pediatric patients, who had
received an OLT between 1986 and 2000 at Tufts-New
England Medical Center. The three patients exhibited the
following manifestations: (i) development of clinical symp-
toms, e.g. diarrhea with either gross or occult blood and
evaluation negative for common pathogens and fecal
leukocytes; (i1) evidence of food hypersensitivity with
increased RASTs to food and milk proteins and peripheral
eosinophilia; and (iii) histologic evidence of increased
colonic mucosal eosinophilic infiltrates and focal cryptitis.

Case descriptions

Case 1 presented at two months of age with
cholestasis and was diagnosed with biliary atresia
(Tables 1 and 2). He underwent a Kasai porto-
enterostomy at 12 wk of age and an OLT a year
later. Biopsies confirmed atretic gallbladder and
bile ductular atresia. Post-transplant immuno-
supression was composed of tacrolimus and
prednisone. He received Pregestemil® (Mead
Johnson Nutritionals, Evansville, IN, USA)
which was continued ngst—transplant and then
switched to Pediasure™ (Ross, Columbus, OH,
USA) to optimize caloric intake. He was admit-
ted 20 months later with diarrhea and dehydra-
tion, and noted to have guaiac-positive stools
which failed to demonstrate common pathogens
or fecal leukocytes. Laboratory evaluation was
significant for peripheral eosinophilia (9%) and
mildly elevated serum IgE level 78 TU/mL (3.2—
60 IU # mL). CMV and herpes viruses were

Table 1. Patient characteristics

Tacrolimus and eosinophilic colitis

Table 2. Immunosuppression and LFTs at time of presentation for each case

Case 1 Case 2 Case 3
Immunosuppressive
(dose, mg/kg/day)
Tacrolimus 0.2 0.6 0.33
Steroids 0.15 0.3 0.4
Level (ng/mL) 13.2 1" 8.1
ALT (0-25 U/L) 178* 13 12
AST (0-35 U/L) 183* 19 14
Alkaline phosphatase 207 2727 68
(0-311 U/L)
Total bilirubin 0.2 0.2 0.6
(0.2-1.0 mg/dL)
PT (11.5-135 s) 12.7 1.9 12.4
Diet at time of GI Normal/ Normal/ Normal/
presentation regular regular regular
pediasure pediasure

ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, pro-
thrombin time; Gl, gastrointestinal tract.
*Refer to text for explanation for elevated liver enzymes.

absent from the stools. Immunosupression at
the time was composed of tacrolimus 0.2 mg/kg/
day, and prednisone —0.15 mg/kg/day, with a
tacrolimus level of 13.2 ng/mL. Persistence of
symptoms led to a proctosigmoidoscopy and
biopsies revealed mild chronic inflammation with
increased eosinophilic infiltrates and focal cryp-
titis; no viral inclusions were seen. Liver biopsy
performed at the same time showed cholangitis
and minimal rejection, and he was treated with
three days of intravenous steroids; liver function
tests normalized over the course of four months.
The patient was given CSA when tacrolimus-
induced renal toxicity appeared, and at the same
time, IgE RASTs positive to milk protein were
noted, along with peripheral eosinophilia (24%).
Liver function tests were normal with CSA level
of 186 ug/mL. Biopsies obtained during colon-
oscopy for rectal bleeding revealed patchy acute
and chronic inflammation with focal eosinophilic
infiltrates. Viral cultures were negative and no
inclusions were seen. He was placed on a milk

Case 1 Case 2 Case 3

Gender M M M
Age at transplant (yr) 15 3 7
Age at presentation (yr) 3 45 8.75
Time to clinical symptoms 20 24 17

after transplant (months)
Eosinophil count at presentation (%) 9 4 9
IgE level (IU/mL) at diagnosis 78 (3.2-60) 68 (3.1-35.8) 9000 (3-179)
Tacrolimus level (520 ng/mL) 132 " 8.1
RASTs allergens Milk Milk Milk, eggs, wheat, oats
Histology Focally T eosinophils T eosinophils in sigmoid/rectum with TT eosinophils in all colon

in cecum/left colon

acute/chronic inflammation biopsies and duodenum

lg, immunoglobulin; RAST, radioallergosorbent test.
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restricted diet and has done well with no further
problems with a follow up of several years.
Case 2 presented with cholestasis at two -
months of age and was diagnosed with Alagille
syndrome (cardiac and vertebral anomalies).
Poor weight gain necessitated initiation of high
calorie formula (Pregestemil® {Mead John-
son} + MCT oil ~ 32 kcal/kg) and nocturnal
nasogastric tube feedings, after a normal upper
endoscopy. Formula was later switched to Port-
agen® (Mead Johnson Nutritionals) via NG tube
to ensure weight gain. He was subsequently
found to have microscopic blood in stool; no
pathogens were found. An upper endoscopy
showed mild esophagitis and gastritis with focal
cosinophilic infiltrates. A liver biopsy at
22 months of age for evaluation of elevated
transaminases showed paucity of bile ducts, bile
stasis and cirrhosis. He underwent an OLT at
33 months of age. Primary immunosuppression
consisted of steroids, azathioprine and CSA;
azathioprine was weaned after three months. He
was switched to tacrolimus a month later due to
an episode of rejection. He did well over the next
two yr. Diet was liberalized to include age
appropriate foods, with caloric supplementation
via Pediasure® (Ross). Subsequently, he devel-
oped diarrhea that contained occult blood but no
common pathogens or leukocytes. He was noted
to be mildly anemic. Immunosupression at the
time of presentation comprised tacrolimus at
0.6 mg/kg/day (level of 11 ng/mL) and predni-
sone at 0.3 mg/kg/day, without peripheral eosi-
nophilia but with elevated IgE level (Table 1).
Biopsies obtained during flexible sigmoidoscopy
showed acute and chronic inflammation with
focally increased eosinophilic infiltrates in the
lamina propria. No viral inclusions were identi-
fied. An abdominal CT scan was normal. Liver
biopsy at the same time showed mild rejection
and he was treated with three days of i.v.
steroids, and then on prednisone dose of 2 mg/
kg/day for several days; he was then weaned to
maintenance dose 0.2 mg/kg/day. Two months
later he developed an EBV-associated lympho-
proliferative disorder. Tacrolimus was discontin-
ued and CSA was given at 5 mg/kg/day; he was
treated with acyclovir as well. Biopsies obtained
at repeat colonoscopy/esophagogastroduodenos-
copy showed focal colonic cryptitis with in-
creased eosinophilic infiltrates in the transverse,
sigmoid colon and rectum. The duodenal and
gastric biopsies showed marked eosonophilic
infiltrates, and the esophageal biopsies showed
basal zone hyperplasia, papillary elongation and
eosinophilic infiltrates. I[gE RASTs were positive
for milk proteins. The patient was placed on a
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milk-free diet (Vivonex®; Novartis Nutrition,
Minneapolis, MN, USA) with resolution of
symptoms. A milk challenge resulted in reap-
pearance of guaiac-positive stools. The patient is
doing well with reduced immunosuppression and
milk-free diet with a follow up of several years.
Case 3 presented with fulminant hepatic failure
of unknown etiology and underwent an OLT at
seven yr of age. His primary immunosuppression
consisted of steroids (10 mg/day), azathioprine
(25 mg/day) and tacrolimus (0.3-0.4 mg/kg/day).
He had an episode of mild rejection two wk after
transplantation that was treated with three days
of i.v. steroids; peripheral eosinophil count was
1%. Four months after liver transplant, he
underwent an HLA-matched bone marrow trans-
plant for persistent aplastic anemia (5). Seven-
teen months later, he developed diarrhea and
abdominal cramping. Stools were guaiac positive
but failed to demonstrate common pathogens or
leukocytes. Peripheral eosinophil count was 9%.
Immunosupression was composed of tacrolimus
at 0.33 mg/kg/day and prednisone at 0.4 mg/kg/
day. Lactose hydrogen breath test was abnormal.
Symptoms persisted despite a lactose-free diet,
and biopsies obtained at colonoscopy revealed
increased mucosal eosinophilic infiltrates dif-
fusely throughout the colon. There was no
evidence of GVHD. IgE RASTs indicated allergy
to milk, eggs, wheat and oats. Total serum IgE
was markedly elevated at 9000 IU/mL (3—
179 nL). The patient was placed on an elimin-
ation diet but symptoms of diarrhea persisted.
Biopsies obtained at repeat upper and lower
endoscopy revealed chronic, focal eosinophilic
duodenitis, with normal antral and esophageal
biopsies, as well as eosinophilic infiltrates from
splenic flexure to the rectosigmoid. Stools were
positive for adenovirus. Liver biopsy at the same
time showed mild focal portal fibrosis without
evidence of rejection or eosinophilic infiltration.
The patient received a trial of cromolyn sodium
(Gastrocrome®; Medeva  Pharmaceuticals,
Rochester, NY, USA) 100 mgs four times a day
orally, but lack of response necessitated paren-
teral nutrition. Repeat stool cultures were neg-
ative for adenovirus. He was switched from
tacrolimus to CSA 4 mg/kg/day, prednisone
was continued at 0.3 mg/kg/day and he was
made NPO for five months following relapse of
diarrhea which occurred when diet was
advanced. Elimination diet (gluten, wheat, oat
and milk free) was then introduced and was
tolerated. RASTs were still noted to be elevated
for eggs, milk, wheat and oats. Total IgE was
markedly elevated (1800 IU # mL — upper nor-
mal for the laboratory — 120 IU/mL). A percu-



taneous endoscopic gastrostomy was placed for
nutritional support and administration of ele-
mental formula. Diarrhea developed when he
received whey-based hydrolyzed formula (Pepta-
men Jr® Clintec, Deerfield, IL, USA) but
stopped when a free amino acid-based formula
(Neocate One Plus®; SHS America, Gaithers-
burg, MD, USA) was used. A serum D-xylose test
was abnormal, indicating small bowel dysfunc-
tion. Repeat colonic biopsies showed improve-
ment in eosinophilic infiltrates on the elemental
diet. Liver biopsies failed to show any rejection
but did show cholestasis secondary to a biliary
stricture which was treated by stent placement
with subsequent normalization of LFTs on
antibiotics. The patient has been doing well on
CSA and restricted diet, although he did have a
relapse of bloody diarrhea when he ate french
fries dipped in milk (see Figs 1 and 2).

Summary of clinical data

Of the 45 children who received OLT during the
study period (1986-2000), 16 (35%) were treated
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Fig. 1. Case 3: colonic biopsy with increased eosinophilic
infiltration of lamina propria; hematoxylin and eosin stain.

Fig. 2. Case 3: colonic biopsy with eosinophilic colitis,
cryptitis, crypt abscess and increased eosinophilic infiltra-
tion of lamia propria; hematoxylin and eosin stain.

Tacrolimus and eosinophilic colitis

with tacrolimus. Three patients (19%) developed
eosinophilic enterocolitis. Most of the symptoms
developed in patients who were clinically well,
several months post transplantation. The trough
tacrolimus levels were not noted to be high in
these patients at the time of their clinical pres-
entation (Table 1). Two of three patients had
evidence of peripheral eosinophilia and all had
elevated serum IgE levels, coupled with IgE
RAST evidence of food or dairy hypersensitivity.
Two of three patients had a relapse of symptoms
upon diet challenge, and resolution after reim-
plementation of food restriction, even though
they continued to receive immunosuppressive
therapy.

Discussion

Although tacrolimus-associated food allergic
(primarily respiratory) symptoms have been pre-
viously reported (6-8), our case series is one of
the few observing tacrolimus-associated GI aller-
gic symptoms with peripheral eosinophilia, ele-
vated serum IgE levels, eosinophilia of the GI
tract, and relapse of symptoms upon dietary
challenge (two of three patients, Table 3). Case 3
especially illustrates that the trial of elimination
diet alone did not produce clinical or histologic
improvement; it was only after immunosuppres-
sion was reduced (by switching to CSA) that
symptoms of diarrhea improved, confirmed by
improved mucosal eosinophilia. Also, two of
three cases had either no evidence of eosinophilic
gastroenteropathy prior to tacrolimus exposure
(case 2) or had improvement after switching, as
noted above for case 3. This implies a critical role
of tacrolimus in the pathogenesis of this clinical
association.

Eosinophilic gastroenteritis in the setting of
pediatric liver transplantation was first reported
in 1997 (9). Dhawan et al. noted heme-positive
stools, diarrhea, and protein losing enteropathy
in two liver transplant recipients 4-6 wk after
receiving a single bolus of high-dose intravenous
solumedrol for presumed graft rejection. Periph-
eral eosinophilia was noted in one patient. GI
biopsies were consistent with eosinophilic gast-
roenterocolitis. An association with development
of food allergies was not reported.

Life threatening food allergy in liver transplant
recipients on tacrolimus has also been observed
(6, 7). The authors of these reports speculated
that a tacrolimus-induced imbalance between
Thl and Th2 cells played a major role in the
development of the allergic diathesis. Another
report of eosinophilic gastroenteritis in pediatric
liver transplant recipients noted the development
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Table 3. Comparison of studies reporting gastrointestinal or respiratory symptoms attributed to food allergy in pediatric liver transplant recipients

Age at PE (% patients Tacrolimus
transplant available level Food
Study (mean, yr)  Immunosuppressant  for study) IgE  (CSA level) allergy EGID  Treatment
Romero et al. (10) 3.7 Tacro 28 T NR Milk 26% NR
Lacaille et al. () 0.7 Tacro NR T Not elevated ~ Milk, eggs, peanuts NR Neocate® elimination,
tapered tacrolimus ketotifen,
cromolyn steroid bolus
Inui et al. (7) 25 Tacro NR T NR Seafood NR Elimination, tapered tacrolimus
Dhawan et al. (9) 6 CSA 50 NR  CSA-500-600 NR 100%  Steroids
This study 3.8 Tacro 19 T Not elevated ~ Milk, eggs, wheat 100%  Elimination diet switch to CSA

PE, peripheral eosinophilia; EGID, eosinaphilic gastrointestinal disease in patients with peripheral eosinophilia; NR, not reported; Tacro, tacrolimus; CSA,

cyclosporine.

of peripheral eosinophilia in 28% of patients and
evidence of eosinophilic gastroenteritis in 26%
(10). Fifty percent of these patients had elevated
IgE levels and positive RASTs for milk proteins.
Patients were more likely to have been treated
with tacrolimus and to have an EBV load
associated with eosinophilic GI disease, similar
to one of our cases (case 2).

Angioedema has been found in 10% of tacr-
olimus-treated liver transplant recipients com-
pared to only 0.2% receiving CSA (11).
Interestingly, none of these patients had a
previous history of allergy or atopy. There was
a delay in onset of symptoms post-transplant
(mean 28 months). Eight of 12 patients (66%)
were switched to CSA, along with dietary
restriction, with resolution of symptoms. Of
those who continued on tacrolimus therapy,
symptoms persisted, with elevated eosinophil
counts and IgE levels. Patients had episodic
diarrhea, although evaluation for that was not
reported. Our cases share features in common
with this report, including development of symp-
toms of food allergy, peripheral eosinophilia, and
elevated serum IgE levels in the absence of
previous atopy, a lag time to the development
of symptoms after transplantation, and response
to dietary restriction and reduced immunosup-
pression. Interestingly, our patients tended to be
older when food allergy is not a commonly
encountered phenomenon.

We believe that GI eosinophilia in the setting
of tacrolimus treatment could be explained by
two mechanisms. Tacrolimus is known to induce
increased intestinal/colonic permeability (12—14).
This may lead to exaggerated transepithelial
transport of antigens, predisposing to allergy. A
second intriguing mechanism could be altered
cytokine production leading to eosinophilia (15,
16). Both tacrolimus and CSA paradoxically
increase serum IgE levels (4). We speculate that
the increased intestinal permeability, coupled
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with increased IgE levels, can potentially lead
to mucosal injury producing clinical symptoms
of diarrhea, hematochezia and food intolerance.
Furthermore, differential inhibition of cytokine
elaboration by tacrolimus and CSA might alter
the balance between Thl and Th2 T-cell subsets
and thereby produce an altered pattern of
reaction to an antigenic challenge or exposure.
Indeed, Wilhelm and Kirchner (17) observed
increased IgE synthesis by Th2 cells, and atopic
patients were noted to have a predominance of
Th2 cells with resultant increased IgE levels. I1L-4
plays varied roles in the allergic response cascade
including increased IgE production, increased
T-cell proliferation, activation of mast cells and
basophils (major effector cells of allergic
response) and increased expression of VCAM.
The latter promote migration of mononuclear
cells and eosinophils to the site of allergic
inflammation. Hence, 1L-4 regulates both acute
and late phases of the allergic response. IL-4 also
inhibits INF-y (18). As opposed to proinflam-
matory cytokines, INF-y has been shown to
inhibit allergen induced responses (19, 20), and
reduction of peripheral eosinophilia in atopic
patients (21).

The data presented reflect a single center
experience based on retrospective chart review.
Despite these limitations, we feel that the associ-
ation of eosinophilic GI disease in the setting of
liver transplantation is an important observation
and needs to be considered in the evaluation of
diarrhea in such patients. The value of RASTs as
surrogate markers of the allergenic response
needs to be determined by further study, but
the role of skin testing in chronically immuno-
suppressed patients is also problematic.

Pretransplant evaluation would need to in-
clude a careful history to rule out a pre-existing
allergic diathesis, and measurement of serum IgE
levels and RASTs. This will not alter the
outcome of post-transplant immunosupression



but may guide dietary/nutritional recommenda-
tions. Future studies may also need to address
the role of targeted anti-IgE therapy (e.g. Oma-
lizumab) in this particular setting. These issues
raise the need for a prospective multicenter study
to assess the prevalence of eosinophilic gastro-
enteropathy in pediatric liver transplant patients.
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