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UTOIMMUNE polyglandular syndrome

type I is an autosomal recessive inherited dis-

ease caused by mutations in the autoimmune
regulator gene.! Its hallmarks are the failure of mul-
tiple endocrine glands due to an autoimmune proc-
ess, susceptibility to chronic candida infection be-
cause of a T-cell defect, and dystrophy of ectodermal
tissues.2 The most common endocrine manifesta-
tions are hypoparathyroidism and adrenal failure. Hy-
pogonadism, hypothyroidism, type 1 diabetes mellitus,
and hypopituitarism may also occur. Nonendocrine
manifestations include enamel hypoplasia, nail dystro-
phy, keratoconjunctivitis, and pernicious anemia.23
Except for candidiasis, patients with this syndrome
have no apparent susceptibility to infections.

About 20 percent of patients with autoimmune
polyglandular syndrome type I have fat malabsorp-
tion,>* which is often associated with weight loss,
growth retardation, and erratic absorption of medica-
tions. Malabsorption is considered to be a nonendo-
crine manifestation of the disorder,2? but its cause is
unknown.®” We describe a patient with autoimmune
polyglandular syndrome type I who had a severe mal-
absorption syndrome caused by a deficiency of chol-
ecystokinin-producing enteroendocrine cells in the
mucosa of his proximal small intestine.

CASE REPORT

A 46-year-old man had had autoimmune polyglandular syn-
drome type I since the age of 9 years. His age at the onset of the
various manifestations of the syndrome and his treatment (at the
time of his referral to Baylor University Medical Center, Dallas,
in March 1999) are shown in Table 1.

At the age of 34 years, diarrhea developed in association with
recurrent episodes of hypocalcemia. Laboratory studies revealed a
stool weight of 800 g per day (normal value, <200) and fecal fat
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excretion of 97 g per day (normal value, <7). Upper gastrointes-
tinal endoscopy, endoscopic retrograde cholangiopancreatography,
and duodenal biopsies showed no abnormalities. The patient was
treated with pancreatic enzymes, metronidazole, and famotidine (a
histamine H,—receptor antagonist). His diarrhea improved after sev-
eral months. The metronidazole and famotidine were subsequent-
ly discontinued, but he continued to take pancreatic enzymes for
the next 12 years.

Despite treatment with pancreatic-enzyme replacement, the pa-
tient had a second episode of diarrhea and recurrent hypocalcemia
at the age of 43 years. He was again treated with metronidazole
and famotidine, and after several months the diarrhea improved.

In October 1998, while the patient continued to take pancreatic
enzymes, diarrhea developed again, with weight loss and recurrent
episodes of hypocalcemia requiring intravenous infusions of calcium.
The doses of several of his oral medications had to be increased.
Extensive studies showed no evidence that the diarrhea had an in-
fectious cause. Trials of famotidine, metronidazole, tetracycline, a
lactose-free diet, and a gluten-free diet had no effect.

In March 1999, the patient was evaluated at Baylor University
Medical Center with the use of studies that have been described
previously.81! The studies were approved by the center’s institution-
al review board, and the patient gave written informed consent.

RESULTS

The patient had malabsorption of all major nutri-
ents (Table 2). Fat malabsorption was especially severe.
Upper gastrointestinal endoscopy and colonoscopy
showed a normal appearance of the mucosa, and no
abnormalities were detected in biopsy specimens of
the duodenum, ileum, and colon. Examination of the
biopsy specimens and fecal cultures showed no infec-
tious agents, and tests for giardia and parasites were
negative. A quantitative culture of duodenal fluid was
negative for the bacterial overgrowth syndrome. Uri-
nary excretion of 5-hydroxyindoleacetic acid was nor-
mal, and a small-bowel barium study and comput-
ed tomographic studies of the abdomen and pelvis
showed no abnormalities. Measurement of serum an-
tigliadin antibodies, gastrin, and seven gastrointestinal
peptides!® (with assays designed to detect high concen-
trations produced by neuroendocrine tumors) revealed
no abnormalities. Intestinal absorption of water and
electrolytes and of bile acids was normal.8?

These diagnostic tests revealed no known cause or
mechanism of malabsorption. We therefore suspected
a deficiency of an enteric hormone. To evaluate this
possibility, we performed hepatobiliary scintigraphy,
which revealed a gallbladder of normal size but no
contraction of the gallbladder in response to a meal
rich in protein and fat. This result suggested that the
malabsorption was due to a deficiency of cholecysto-
kinin. We then obtained additional duodenal-biopsy
specimens for staining of enteroendocrine cells, a sam-
ple of the duodenal contents after the patient had con-
sumed a liquid test meal, and serum samples before
and after he had consumed a meal rich in protein
and fat.

Pending analysis of these samples, the patient re-
turned to his home in Montana. His therapy was not
changed except for the substitution of medium-chain
triglycerides for long-chain triglycerides in his diet.
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TABLE 1. DISEASE MANIFESTATIONS, AGE AT ONSET, AND TREATMENT IN A PATIENT
WITH AUTOIMMUNE POLYGLANDULAR SYNDROME TYPE I AND MALABSORPTION.

MANIFESTATION AGE AT ONSET

yr
Hypothyroidism 9
Hypoparathyroidism 10
Adrenal insufficiency 10
Keratopathy 10
Malabsorption (diarrhea and 34
recurrent hypocalcemia)
Diabetes insipidus 44
Mucocutaneous candidiasis 45
Hypogonadism 45

TREATMENT As OF MARCH 1999

Levothyroxine, 0.3 mg/day orally

Calcium carbonate, 6000 mg/day orally; and calcitri-

ol, 3 ug/day orally
Hydrocortisone, 30 mg/day orally; and fludrocorti-
sone, 0.1 mg/day orally

Corneal transplantation (at 23 and 26 years of age),
topical glucocorticoids, and lubricants

Pancreatic enzymes, 64,000 lipase units/meal, initial-

ly with loperamide, 2 mg/day orally, and famoti-
dine, 40 mg/day orally

Desmopressin, 20 pg/day intranasally
Intermittent treatment with fluconazole

Testosterone enanthate, 200 mg intramuscularly
every 2 wk

TaBLE 2. FECAL AND DUODENAL OUTPUT WHEN THE PATIENT
HAD SEVERE FAT MALABSORPTION (IN MARCH 1999) AND AFTER
SPONTANEOUS IMPROVEMENT (IN SEPTEMBER 1999).

VARIABLE MarcH 1999 SEPTEMBER 1999
Fecal output*
Fat — g/day (% of dietary 98.3 (79) 10.1 (8)
intake)
Protein — g/day (% of dietary 25.9 (29) 17.4 (19)
intake)
Calories — kcal /day (% of 1546 (54) 373 (13)
dietary intake)
Carbohydrates — g/day (% of 139 (30) 53 (14)
dietary intake)
Duodenal outputt
Trypsin — U/hr 327,000 480,000
Lipase — U/hr 73,300 127,000
Colipase — U/hr 39,900 72,300
Bile acids — mg/hr 84.3 407.8
Bilirubin — mg/hr 16.3 61.6

*The dietary intake was exactly the same in March and September. The
intakes of fat, protein, and carbohydrates were 124, 90, and 383 g per day,
respectively. Caloric intake was 2854 kcal per day. During the study, the
patient took his routine medicines (shown in Table 1), except for pancreatic
enzymes and loperamide. Stool samples were analyzed for fat, protein, and
calories by methods described previously.! The carbohydrate content of
stool was calculated from nonfat and nonprotein calories (carbohydrate [in
grams] = nonfat and nonprotein kcal +4).

tAfter the patient had fasted overnight, a tube was placed in the duode-
num with its opening midway between the duodenal papilla and the liga-
ment of Treitz. The patient then drank a liquid test meal (237 ml of Ensure
Plus containing 13.5 g of protein, 12.6 g of fat, and 46.8 g of carbohy-
drates), and the duodenal contents were aspirated continuously for one
hour. Samples were frozen and stored at —70°C for subsequent analy-
sis.1215 To convert the values for bile acids to micromoles per hour, multiply
by 2.45. To convert the values for bilirubin to micromoles per hour, mul-
tiply by 1.71.
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The diarrhea did not change initially, but after three
months, it improved substantially, according to the
patient’s subjective assessment. He returned to Dal-
las in September 1999 for further evaluation. Malab-
sorption was still present, but it was greatly improved
(Table 2). Hepatobiliary scintigraphy revealed normal
contraction of the gallbladder, with a postprandial
ejection fraction of 94 percent.

In March 1999, when the patient had severe mal-
absorption, serum cholecystokinin was undetectable,
and serum gastric inhibitory polypeptide and peptide
YY concentrations did not rise in response to the pro-
tein- and fat-rich meal (Fig. 1). In September, when
the malabsorption had abated, serum cholecystokinin
concentrations were normal, but serum gastric inhib-
itory polypeptide and peptide YY concentrations re-
mained low.

The duodenal-biopsy specimens obtained in March
did not react with antibodies against chromogranin
A8 Leu 7,19 or cholecystokinin. However, the duo-
denal-biopsy specimens obtained in September react-
ed with antibodies against all three of these substances
(Fig. 2). Immunohistochemical and immunofluores-
cence studies of the blood samples obtained in March
and in September showed no antibodies against en-
teroendocrine- or cholecystokinin-producing cells.

The output of duodenal-fluid bile acids, measured
after the patient had consumed a liquid test meal, was
almost five times as high in September as in March,
and the output of bilirubin was almost four times as
high in September (Table 2). The output of pancre-
atic enzymes was also higher in September than in
March, but the increases were smaller.
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DISCUSSION

Gastrointestinal endocrine cells are derived from
precursor cells in the proliferative zone of the crypts,
from which they migrate to the rest of the mucosa.8
Their secretory granules contain peptides that act as
systemic or paracrine mediators for the regulation of
digestion and motility.2° After stimulation by fats and
proteins in the intestinal lumen, the contents of the
granules are secreted into adjacent blood vessels. The
granules also contain chromogranin A and Leu 7,
which can be used as immunohistochemical markers
for enteroendocrine cells.1719

The findings presented here suggest that a deficien-
cy of cholecystokinin-producing enteroendocrine cells
in the proximal small bowel caused severe malabsorp-
tion in our patient with autoimmune polyglandular
syndrome type I. When he had severe malabsorp-
tion, postprandial serum cholecystokinin concentra-
tions were undetectable, and duodenal-biopsy spec-
imens contained no enteroendocrine cells. When the
malabsorption improved spontaneously, the serum
cholecystokinin concentrations increased normally in
response to food, and cholecystokinin-containing en-
teroendocrine cells were present in the duodenal mu-
cosa. Bile acid secretion, which is stimulated by chol-
ecystokinin, was reduced when malabsorption was
severe. Decreased bile acid secretion impairs the for-
mation of micelles within the intestinal lumen?! and
reduces the hydrolysis of dietary triglycerides by pan-
creatic lipase,2? thereby reducing the absorption of
fat. In our patient, the output of pancreatic enzymes
was not as low as the output of bile acids, even though
the secretion of both is regulated by cholecystokinin.?3
This finding suggests that other mechanisms of pan-
creatic stimulation, such as vagal activity, may have
caused some degree of pancreatic-enzyme output,
even when stimulation by cholecystokinin was absent.

In contrast to the corrected cholecystokinin con-
centrations, the serum peptide YY and gastric inhib-

Figure 1. Serum Concentrations of Cholecystokinin, Gastric In-
hibitory Polypeptide, and Peptide YY in a Patient with Autoim-
mune Polyglandular Syndrome Type | and Malabsorption and
in Normal Subjects.

In March and September 1999, serum samples were obtained at
six 15-minute intervals after the patient had fasted overnight
and then eaten a meal of scrambled eggs, bacon, a biscuit, and
coffee (440 kcal). The samples were immediately frozen and
stored at —70°C for later analysis by radioimmunoassay for chol-
ecystokinin (American Laboratory Products, Windham, N.H.),
gastric inhibitory polypeptide, and peptide YY (Peninsula Labo-
ratories, San Carlos, Calif.). The threshold of detection for the
cholecystokinin assay was 0.34 pg per milliliter, and the maxi-
mal cross-reactivity with human gastrin was 0.5 percent. The
values in normal subjects are mean concentrations (in six sub-
jects for cholecystokinin and in two subjects for gastric inhibi-
tory polypeptide and peptide YY). To convert the values for chol-
ecystokinin, gastric inhibitory polypeptide, and peptide YY to
picomoles per liter, divide by 1.14, 4.98, and 4.31, respectively.
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Figure 2. Results of Immunohistochemical Staining with Chromogranin A and Cholecystokinin Antibodies for the Detection of En-
teroendocrine Cells in Duodenal-Biopsy Specimens from the Patient and from a Normal Subject (X100).

Duodenal-biopsy specimens from the normal subject are positive for both chromogranin A'718 (Panel A, brown) and cholecystokinin
(Panel B, brown). Duodenal-biopsy specimens obtained from the patient in March 1999 were negative for both chromogranin A (Panel
C) and cholecystokinin (Panel D). The specimens obtained from the patient in September 1999 were positive for both chromogranin
A (Panel E, brown) and cholecystokinin (Panel F, brown). The results of staining for Leu 7' were similar to those for chromogranin
A. For the detection of cholecystokinin, 5-um sections of paraffin-embedded duodenal mucosa were immunostained with rabbit
polyclonal antibody against cholecystokinin (Peninsula Laboratories), followed by swine biotinylated antirabbit IgG (Dako, Carpin-
teria, Calif.) and streptavidin—peroxidase (Vector Laboratories, Burlingame, Calif.). The peroxidase was combined with diaminoben-
zidine tetrahydrochloride for a brown stain (Vector Laboratories), and Mayer’s hematoxylin (Sigma Chemical, St. Louis) was used
as a counterstain.
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itory polypeptide concentrations remained low despite
spontaneous improvement in malabsorption and the
presence of at least some enteroendocrine cells. A de-
ficiency of these peptides hastens the transit of chyme
through the gastrointestinal tract,20:2¢ and a persist-
ent deficiency might have contributed to the residual
mild malabsorption in our patient.

Since autoimmunity is believed to cause failure of
the endocrine glands in patients with autoimmune
polyglandular syndrome type I, it seems logical to sur-
mise that autoimmunity mediated the destruction of
small-bowel enteroendocrine cells in our patient. Al-
though we detected no serum autoantibodies against
normal enteroendocrine cells, this does not rule out
the role of autoimmunity, because autoantibodies are
not found in all patients with classic endocrine-gland
failure due to autoimmune polyglandular syndrome
type 1.23 There was no inflammation in the intestinal
mucosa in our patient, but since malabsorption had
developed at least five months before the biopsy spec-
imens were obtained, it is possible that an earlier, tran-
sient autoimmune attack had destroyed the enteroen-
docrine cells. Infection (e.g., candidiasis), medications,
and failure of the differentiation of enteroendocrine
cells from precursor cells are other possible causes of
the enteroendocrine deficiency. Whatever the cause,
the deficiency in this patient was at least partially re-
versible, in contrast to the classic endocrine manifes-
tations of autoimmune polyglandular syndrome type 1.
This difference may be due to the unique regenerative
potential of intestinal mucosal cells.

Three other points deserve mention. First, an un-
explained association between idiopathic hypoparathy-
roidism and severe malabsorption has been recognized
for many years.2527 We believe that the destruction of
enteroendocrine cells may be the mechanism of mal-
absorption in some patients with these two disorders.
Second, a deficiency of enteroendocrine cells should
be considered in any patient in whom the usual tests
fail to reveal an explanation for the malabsorption syn-
drome. Finally, oral bile acid—replacement therapy!!
may ameliorate fat malabsorption in patients with stea-
torrhea due to cholecystokinin deficiency.
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