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CASE REPORT

Proinsulinoma causing severe hypoglycemia
In a patient with type 1 diabetes mellitus
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Abstract

Case presentation: A 49 year male a 35 year history of Type 1 Diabetes Mellitus (T1DM) was evaluated for recurrent
episodes of hypoglycemia. After being weaned off of all exogenous insulin, the patient continued to have frequent and
severe episodes of hypoglycemia often associated with seizures.

Results: During an observed hypoglycemic reaction in our office he was found to have a serum glucose level of 64 mg/dl,
a serum insulin level of 64 plU/ml (reference range is <17 pIU/ml) and a C-peptide level of 0.6 ng/ml (reference range is
0.8 ng/ml — 3.1 ng/ml). Serum and urine sulfonylurea levels were negative. During a formal diagnostic 72 hour fast, he
developed severe hypoglycemia within four hours of beginning the fast and seized. No diagnostic laboratory studies were
obtained during the hypoglycemic event! He underwent surgical exploration, where a 0.8 cm well-differentiated, islet cell
tumor was resected. Following resection of the tumor, the spontaneous hypoglycemia resolved, and maintenance
exogenous insulin was reinstituted. Histoimmunochemical staining was positive for chromogranin, synaptophysin,
amylin, and proinsulin but negative for insulin. Immunostaining of the tumor was also positive for Toll-like receptors-3
(TLR3) and Wnt5a.

Conclusion: This is the first case report of a patient with a long history of T1DM who developed a recurrent hypoglycemia
due to a proinsulin-secreting islet cell tumor which resolved following its resection.
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1 Introduction

Type 1 diabetes mellitus (T1DM) results from the destruction of pancreatic beta cells resulting in insulin deficiency.
It usually results of an autoimmune destructive process (pattern A) but can be idiopathic in etiology (pattern B) 2],
Hypoglycemia is a common side-effect of insulin therapy in T1DM but this is usually due to a mismatch between the
timing of food, physical activity, and insulin dosage; not endogenous insulin secretion ©*!. Insulinomas are rare islet cell
tumors derived primarily from beta cells which autonomously synthesize and secrete inappropriate and excessive amounts
of proinsulin and/or insulin resulting in the development of spontaneous hypoglycemia ***!. The incidence of insulinoma
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is approximately 3-10 cases per million persons per year in the United States [*

cell tumors causing hypoglycemia are even rarer °*). The diagnosis of an insulinoma or proinsulinomas is confirmed
biochemically with a simultaneous low blood sugar and inappropriately elevated serum insulin, pro-insulin and/or
c-peptide levels ™ '%. Localization of the tumor is usually established by imaging or angiography, and the definitive
treatment is surgical resection of the tumor followed by resolution of the hypoglycemia '),

and proinsulin-only secreting islet

A genetic basis for some insulinomas has been linked to the gene for Multiple Endocrine Neoplasia I (MEN1) and k-ras
mutations, however chronic inflammation is also known to be oncogenic and may contribute to the malignant
transformation in many different types of tumors !'*. Toll-like receptors (TLR) are a family of cell surface pattern
recognition receptors in immune cells which recognize signature molecules of different environmental pathogens and
are important components of the innate and acquired immune system !> The Wingless (Wnt) family of secreted
glycoproteins control early developmental processes including cellular migration, differentiation, and proliferation but are
also involved in oncogenesis and tumor spread !'®. Recently, we demonstrated that high basal expression of TLR3 and
Wnt5a are coordinately expressed in tumors that have undergone malignant transformation and their determination

immunohistochemically might serve as a diagnostic marker !'”'*,

In this report, we describe the first case of a presumptive proinsulinoma which occurred in a patient with 35 year history of
T1DM who presented with severe, recurrent hypoglycemia which went away following the resection of a proinsulin
secreting islet cell tumor of the pancreas.

2 Case report

A 49-year old male patient with a 35 year history of T1DM who had previously been managed by FLS was referred back
to the Endocrine/Diabetes Center because of the recent development of severe, recurrent episodes of hypoglycemia;
often resulting in multiple daily seizures. He had developed T1DM at the age of 14, had been fairly well maintained on
exogenous insulin, and had previously experienced only infrequent hypoglycemia prior to his evaluation. However, over
the previous 6-8 month period he had begun developing frequent episodes of severe hypoglycemia. His father who was a
retired physician had gradually reduced and then stopped all exogenous insulin; however the hypoglycemia and seizures
continued. The hypoglycemia would occur spontaneously, often at night, and his father was trying to prevent it by feeding
him every three to four hours; day and night, supplemented with maple syrup. In spite of this, he often required multiple
glucagon injections per day.

Past medical history included: a mild congenital cognitive disorder, Wilm’s Tumor treated with right nephrectomy plus
external radiation to the kidney bed at age 3 years, and development of TIDM at age 14. Medications included: diltiazem;
240 mg, furosemide; 40 mg, and lisinopril; 20 mg. He had taken no exogenous insulin in 6 months prior to the visit. Social
history revealed that he was single, unemployed, and lived with his elderly parents. His father who was a retired physician
was his sole care taker and answered all pertinent health-related questions. Review of systems was primarily related to the
recurrent hypoglycemia and seizures. He had been hospitalized on three occasions in the past four months with severe
hypoglycemia and seizures, as well has multiple emergency room visits and EMS calls to the house. Physical exam
revealed a well-developed middle age male with an obvious cognitive deficit. Vital signs were normal, BMI was 25.6 and
there was a well healed right flank scar. The right abdominal musculature was somewhat atrophic from previous external
radiation. We suspected Munchausen Syndrome by proxy at the first appointment.

During his first clinical evaluation in our clinic he experienced an episode of hypoglycemia and labs obtained at that time
demonstrated a serum glucose: 64 mg/dl, insulin: serum 64 plU/ml (reference range is < 17 plU/ml) and C-peptide:
0.6 ng/ml (reference range is 0.8 ng/ml — 3.1 ng/ml). Serum and urine sulfonylurea levels were negative as well
anti-insulin antibodies. A previous CT scan of the abdomen was reported as negative for pancreatic tumor. Based on these
findings, the patient was admitted to a local community hospital with no attending endocrinologists for a formal,
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supervised 72 hour fast based on specific orders we had provided his attending physician. Within four hours of beginning
the fast however, the patient developed severe hypoglycemia and a seizure. The fast was stopped by the attendant nurse
who administered an ampule of D50. A stat fingerstick glucose level of 52 mg/dl was obtained, but inadvertently, no
insulin, pro-insulin, or c-peptide levels were obtained at the time of the hypoglycemia! Without any discussion with us by
his attending physician, he was seen by a general surgeon and underwent abdominal exploration the following morning.
At laparoscopy, a small mass was palpated in the mid-pancreas/tail and a tumor was resected. Following the partial
pancreatectomy, the patient’s glucose levels became elevated, he had to be placed back on exogenous insulin in doses
which were equivalent to his previous maintenance doses, has had no further severe hypoglycemia in the last six years.

3 Methods

Serum insulin and C-peptide blood levels were performed by Lab Corp Reference Laboratories. Formalin fixed paraffin-
embedded tissue sections were cut at 5 um for Hematoxylin eosin (HE) stain and immunohistochemistry (IHC).
Chromogranin and synaptophysin staining were performed by Camden Clark Medical Center. Amylin, insulin, glucagon,
pro-insulin, TLR3, and Wnt5a were performed at Ohio University. Briefly, following antigen retrieval, primary antibodies
for anti-human insulin and anti-mouse insulin (1/100), anti-human amylin (1/200), anti-human proinsulin (1/500), from
abcam (Cambridge MA); anti-TLR3 (3.0 pg/ml) from Santa Cruz Biotechnology Inc. (California CA), anti-human Wnt5a
(1/500), were incubated overnight at 40C. Next day, secondary antibody specific for each primary antibody was incubated
for one hour followed by DAB. The specificity was confirmed by incubation consecutive tissue section with the
corresponding isotype control for each primary antibody.

Figure. Hematoxylin and Eosin (HE) staining
and immunostaining for insulin, chromogranin,
synaptophysin, pro-insulin, amylin, TLR3 and
Wnat5a.

A includes pancreatic tissue on the left and top of
the picture with a central tumor nodule measuring
0.8 cm in greatest dimension; bar = 500 um. At
higher magnification; B shows an infiltrating
tumor composed of small monotonous cells
arranged in cords, ribbons, and trabecular
formations in a desmoplastic stroma; bar =
100pum. C at higher magnification, the nuclei of
the tumor cells are round to slightly ovoid and
show specked chromatin patterns; bar =25 pm. D
demonstrates the presence of no immunostaining
for insulin using multiple anti-insulin antibodies at
high power magnification; bar = 25 pm. E and F
demonstrates immunostaining of tumor cells
are reactive for both chromogranin and synap-
tophysin; bar = 25pum. These findings are
consistent with well differentiated neuroendocrine
neoplasm. G and H show immunostaining for
proinsulin and amylin respectively, bar = 25um
confirming it was a beta cell tumor.
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4 Results of staining

HE staining (see Figure A-C) of the 4.5 cm x 2.5 cm x 1.2 c¢m distal pancreatic tissue revealed a small tumor measuring
0.8 cm in diameter. It was a well demarcated but non- encapsulated tumor. Within the tumor two components are
recognized: small, uniform epithelial cells arranged in trabecular, palisading, ribbon or cord pattern, surrounded by
extensive fibrous tissue (see Figure A-C). The epithelial cells showed no pleomorphism, but contain eosinophilic
cytoplasm; and the nuclei were round and demonstrated a speckled chromatin pattern. No mitotic figures were seen. HE
staining of pancreatic tissue surrounding the tumor revealed fibrous and focally hyalinized stroma (see Figure A) IHC
staining revealed that the epithelial cells in the tumor were nonreactive for human and mouse insulin using multiple
commercial insulin antibodies (see Figure D) but reactive for pro-insulin (see Figure G) and amylin (see Figure H)
suggesting the tumor was secreting proinsulin. The cells showed strong reactivity for both chromogranin (see Figure E)
and synaptophysin (see Figure F), also consistent with a neuroendocrine cell origin. Immunostaining for TLR3 (see Figure
G) was positive in both the cytoplasm of neoplastic islet cells and the stroma, while Wnt5a (see Figure H) was only weakly
positive in the cytoplasm of the neoplastic cells.

5 Discussion

This a very unusual case report of a person with long-standing T1DM who spontaneously developed severe, spontaneous
hypoglycemia even after being weaned off of exogenous insulin. He had an inappropriately elevated serum insulin level
during at least one of these hypoglycemic episodes, was found to have an islet cell tumor, which was resected, and
following resection of the tumor the hypoglycemia ceased. Even more unusual is the finding that the tumor demonstrated
immunostaining for proinsulin but not insulin in spite of us trying three different commercial preparations. There have
been two previous cases of insulinomas occurring in patients preexisting TIDM 7! with multiple cases of insulinomas
arising individuals with type 2 diabetes mellitus reported !'”). There have also been several cases of spontaneous
hypoglycemia caused by proinsulinomas ' *%; however this is the first case report of a proinsulinoma developing in a
patient with pre-existing TIDM.

In this case of a person with a 35 year history of TIDM most of his beta cells were destroyed although few were observed
on H & E but insulin was not present by immunostaining (not shown). Histologically, the nuclei of the of the 8 mm islet
cell tumor cells were round to slightly ovoid and show specked chromatin patterns which was interpreted pathologically as
a benign islet cell tumor. Immunostaining of the islet cell tumor was positive for glucagon, amylin, and proinsulin but not
insulin indicating that it was probably a functional islet cell tumor. The failure to detect insulin immunostaining in the
tumor with two different anti-human insulin antibodies and one anti-mouse insulin antibody is troubling, but could be the
result of the rapid release of the hormone from the tumor or a molecular variant not detected by the antibodies we used for
immunostaining " **!. The finding of strongly positive proinsulin immunostaining in the tumor suggests that it was
possibly the major peptide secreted by this tumor causing the hypoglycemia; although a serum insulin level of 64 uIU/ml
(reference range is < 17 plU/ml) was inappropriately elevated for a serum glucose level of 64 mg/dl. However, again our
failure to obtain a serum proinsulin at our initial evaluation precludes a definite answer. None the less, the fact that the
hypoglycemia resolved following the islet cell tumor resection, has not reoccurred over the past six years, and that the
patient immediately required insulin replacement following its resection does support our assertion that this was indeed a
functional proinsulinoma causing his severe hypoglycemia.

We also demonstrated immunostaining for TLR3 and Wnt-5a in the islet cell tumor. The significance of this finding is
unknown; however, TLR3 and Wnt-5a are coordinately expressed in certain tumor lines which have undergone malignant
transformation """ but not in benign tumors. Chronic inflammation within the pancreas is thought to contribute to the
increased prevalence of pancreatic cancer in persons with T2DM 2 2/ Although he had received external radiation
therapy at age 3 to his right kidney bed, could the chronic inflammation from the previous destruction of the beta cells in
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the pancreas (observed in the surrounding pancreatic tissue) contributed to the development of a functioning proinsulin-
secreting islet cell tumor in this patient with long-standing TIDM?

As stated earlier, the major weakness of this case is the fact that serum specimens for insulin, proinsulin, and c-peptide
levels were not obtained during the hypoglycemic event which occurred during the supervised 72 hour fast. We also failed
to obtain a proinsulin level during the hypoglycemic episode which we witnessed in our office at the initial evaluation
and now stress the importance of obtaining a proinsulin level during any evaluation of hypoglycemia. Supporting our
contention was the inappropriately elevated serum insulin level at 64 ulU/ml (reference range is < 17 plU/ml) with a
glucose of 64 mg/dl. The C-peptide obtained at the same time was not as excessively elevated as expected given the insulin
level 0.6 ng/ml (reference range is 0.8 ng/ml — 3.1 ng/ml) but still inappropriately high for a glucose level of 64 mg/dl.
Other insulinoma case reviews have reported lower C-peptide levels than would be expected > %! and possible

explanations are that C-peptide can be rapidly degraded by cathepsin B in the islet tumor or not secreted into the serum '],

6 Conclusion

We present a case of a patient with a 35 year history of T1DM who developed symptomatic recurrent hypoglycemia from
a functional proinsulin staining islet cell tumor which resolved following its surgical resection.
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