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8 Abstract
9 Purpose Autoimmune hypoglycemia includes rare syndromes characterized by the presence of either anti-insulin antibodies
10 (IAA) (Hirata’s disease) or anti-insulin receptor (anti-ISR) antibodies (Flier’s syndrome). Diagnosis is usually based on
11 identification of the specific antibodies, in presence of the Whipple triad. However, most of these cases are classified as
12 idiopathic diseases due to the difficulty to define the pathogenic culprit.
13 Methods Basic research methodologies, including Western Blot and ELISA tests, have been used in this study.
14 Results We describe a 21-year-old young woman (PT), non-obese and non-diabetic, with a positive history of autoimmune
15 diseases, admitted to the hospital for recurrent episodes of severe symptomatic hypoglycemia. Counterregulatory response to
16 hypoglycemia was normal as well as the fasting test, so excluding both hormone deficiencies and insulinoma. Since an
17 autoimmune hypoglycemic syndrome was suspected, the hyperactivation of the insulin pathway was experimentally eval-
18 uated. At this purpose, human hepatocarcinoma (HepG2) cells were incubated with serum obtained from the patient (PT) and
19 from control individuals. Interestingly, a significant increase of phosphorylation of insulin receptor, Akt, and ERK1/2 was
20 observed in the HepG2 cells incubated with PT serum compared with the controls. ELISA tests revealed significantly
21 increased levels of anti-ISR antibodies in PT serum, while IAA were similar both in PT and in control sera, supporting
22 diagnosis of Flier’s syndrome.
23 Conclusions This study emphasizes the importance to identify new strategies for the differential diagnosis of hypoglycemia,
24 not always possible with the routinely used diagnostic tests.

25 Keywords Hypoglycemia ● Flier’s syndrome ● Hirata’s disease ● Autoimmune disease ● Insulin signaling

26Introduction

27Hypoglycemia is a metabolic disorder characterized by
28reduced plasma glucose levels, which may induce several
29symptoms and clinical signs, including anxiety, irritability,
30hunger, confusion, visual disturbances, loss of conscious-
31ness, and other cognitive dysfunction due to the poor intake
32of glucose by brain. The diagnostic investigations for the
33identification of causes of hypoglycemia are recommended
34in patients with the Whipple’s triad: symptoms of hypo-
35glycemia, evidence of low plasma glucose (<55 mg/dL)
36concentration, and resolution of symptoms after glucose
37administration [1, 2]. A precise clinical evaluation is
38essential to find the correct treatment. The most frequent
39causes of low blood sugar levels are related to hypogly-
40cemic drugs. Other causes are represented by: insulinoma,
41nesidioblastosis, post gastric bypass hypoglycemia, auto-
42immune disorders, and other less common diseases. Q2 �Q3�Q4
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43 Autoimmune forms of hypoglycemia are rare syndromes
44 usually misdiagnosed as idiopathic due to the lack of vali-
45 dated diagnostic methods. The main two forms are the
46 Hirata’s disease, which is more common and is character-
47 ized by the presence of autoantibodies directed against
48 endogenous insulin (IAA) [3], and the Flier’s syndrome,
49 characterized by the presence of autoantibodies directed
50 against the cell surface insulin receptor (anti-ISR) [4]. Both
51 conditions can be associated with normal or high insulin
52 levels and postprandial and fasting hypoglycemia.
53 Diagnosis of autoimmune hypoglycemia is complex
54 because methods to allow identification of specific auto-
55 antibodies are not widely available. Therefore, besides
56 Whipple’s triad, it is necessary to evaluate the presence of
57 anti-insulin or anti-insulin receptor (anti-ISR) antibodies.
58 We report a clinical case of a young woman with fre-
59 quent symptomatic hypoglycemic episodes with normal
60 insulin levels due to anti-ISR antibodies (Flier’s syndrome),
61 detected with methodologies generally used in basic
62 research.

63 Materials and methods

64 Materials

65 Media, sera, and antibiotics for cell culture were all from
66 Invitrogen (Grand Island, NY, USA). IR and pIR antibodies
67 were from Cell Signaling Technology (Beverly, MA, USA).
68 pAkt, Akt, ERK1/2, and 14.3.3θ antibodies were from
69 Santa Cruz Biotechnology (Santa Cruz, CA, USA). pERK1/
70 2 antibody was obtained from Cell Signaling Technology
71 (Danvers, MA, USA). Protein electrophoresis reagents were
72 from Bio-Rad (Richmond, VA, USA). Western blotting and
73 ECL reagents were purchased from Amersham Biosciences
74 (Arlington Heights, IL, USA).

75 Collection of serum samples and hormone tests

76 Blood samples from patient (PT) and two control indivi-
77 duals (Ctrl1 and Ctrl2) were collected in serum tubes with
78 separator gel and centrifuged at 2500 rpm for 10 min.
79 Insulin and C-peptide were measured by chemiluminescent
80 immunoassay (CLIA) on the ADVIA Centaur analyzers
81 (Siemens). ACTH was evaluated by CLIA on the IMMU-
82 LITE 2000 analyzers (Siemens). GH was measured by
83 CLIA on the LIAISON analyzers (DiaSorin).

84 Oral glucose tolerance test (OGTT)

85 After oral intake of a 75 g glucose solution blood samples
86 are drawn at 0, 30, 60, 90, and 120 min to measure serum
87 glucose (normal value 70–110 mg/dL), insulin (normal

88value 1–20 µU/mL), and C-peptide (normal value 0.5–3 ng/
89mL).

90ACTH test

91The corticotropin test is performed measuring cortisol levels
92before, 30 and 60 min after intravenous (iv) administration
93of 250 µg corticotropin as bolus injection to establish the
94diagnosis of adrenal insufficiency. Peak cortisol levels
95below 500 nmol/L indicate adrenal insufficiency. Q5

96GHRH+arginine test

97After administration of GHRH analog (1 µg/kg) as an iv
98bolus, and arginine hydrochloride 30 g simultaneously as an
99iv infusion in normal saline from 0–30 min. Serum GH
100levels are measured at 30 and 60 min. Peak serum GH levels
101<11.0 µg/L at every time point during testing in patients
102with BMI <25 kg/m2 is diagnostic of adult GH deficiency.

10372 h fasting test

104During a fast of up to 72 h, detection of symptoms, signs of
105hypoglycemia or both with plasma glucose <55 mg/dL,
106insulin of at least 3.0 µU/mL, C-peptide of at least 0.6 ng/
107mL, and proinsulin of at least 5.0 pmol/liter document
108endogenous hyperinsulinism.

109Cell culture

110Human hepatocellular carcinoma (HepG2) cells were cul-
111tured at 37 °C in DMEM supplemented with 10% FBS, 2%
112L-glutamine, 10,000 u/mL penicillin, and 10,000 μg/mL
113streptomycin in humidified 95% air and 5% CO2 atmo-
114sphere (all v/v).

115Western blot analysis and ELISA assay

116Total cell lysates were obtained and separated by SDS-
117PAGE. Briefly, cells were solubilized with lysis buffer
118containing 50 mM HEPES, 150 mM NaCl, 10 mM EDTA,
11910 mM Na4P2O7, 2 mM sodium orthovanadate, 50 mM
120NaF, 1 mM phenylmethylsulfonyl fluoride, 10 μg/mL
121aprotinin, 10 μg/mL leupeptin, pH 7.4, and 1% (v/v) Triton
122X-100. Lysates were clarified by centrifugation at 12,000 g
123for 20 min at 4 °C. The protein concentrations in the cell
124lysates were measured using a Bio-Rad DC (detergent
125compatible) assay. Western blot analysis was performed as
126previously described [5].
127Anti-insulin antibodies (IAA) or anti-ISR antibodies
128were determined by ELISA (Enzyme-Linked ImmunoSor-
129bent Assay) methods (Cloud-Clone Corp, Katy, TX, USA),
130according to the manufacturer’s instructions.
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131 Statistical procedures

132 Data were analyzed with the GraphPad Prism 7.0 (Graph-
133 Pad Inc., San Diego, CA, USA) by unpaired two-tailed
134 Student’s t test. P values equal or less than 0.05 were
135 considered statistically significant.

136 Results

137 A 21-year-old woman was admitted to the Endocrinology
138 Unit of the University-Hospital of Naples Federico II
139 because of frequent episodes of symptomatic, mostly fast-
140 ing hypoglycemia. The onset of symptoms, diplopia, con-
141 fusion, sweating, tachycardia, and tremor occurred in the
142 previous 3 months. Her family history was positive for
143 autoimmune disease and she was affected by Hashimoto
144 thyroiditis since the age of 18. Physical examination
145 revealed a well-appearing woman with normal vital signs
146 (arterial pressure 120–70 mmHg, heart rate 80 bpm),
147 rhythmic cardiac activity, and body mass index (BMI)
148 22.12 kg/m2. She did not take any medication. During
149 hospitalization hypoglycemia was biochemically confirmed
150 with normal basal insulin levels; other routine biochemical
151 tests were within the normal range, as well as thyroid
152 function tests. OGTT revealed high insulin levels with
153 normal C-peptide. The ACTH test for cortisol and GHRH
154 + arginine test for GH excluded a deficiency of counter-
155 regulatory hormones but they did not clarify the cause of
156 hypoglycemia. Then, the prolonged fasting test was per-
157 formed and stopped after 24 h, due to severe clinical and
158 biochemical hypoglycemia (37 mg/dL), which was asso-
159 ciated with normally suppressed insulin and C-peptide
160 levels, so excluding the diagnosis of insulinoma (Table 1).
161 These results, together with the personal and familial history
162 of autoimmune diseases, lead to suspect an autoimmune
163 cause of hypoglycemia. Therefore, we evaluated “in vitro”
164 the key insulin-regulated signals. To this aim, HepG2 cells
165 were incubated for 10 min with serum obtained by the
166 patient (PT) and two control individuals (Ctrl1 and Ctrl2)
167 having similar insulin levels. Experiments were performed
168 with 2.5 and 10% serum.
169 Total and phosphorylation levels of insulin receptor (IR),
170 Akt, and ERK1/2 were analyzed by Western blot with
171 specific antibodies. As shown in Fig. 1, the amount of
172 phosphorylated IR, Akt, and ERK1/2 was 25%, 50%, and

17342% higher after incubation of HepG2 cells with 2.5% PT
174serum than the Ctrl1 and Ctrl2 sera at same concentration.
175In presence of 10% PT serum, we observed a 92%, 75%,
176and 40% increase of IR, Akt, and ERK1/2 phosphorylation,
177respectively, compared with the control sera. In parallel,
178time-course experiments performed at 10, 30, and 60 min
179upon incubation with 10% PT serum revealed a statistically
180significant increase of pIR at 10 and 30 min, while ERK1/2
181phosphorylation was induced by serum at 10 min compared
182with the controls. pAkt also showed a tendency to increase,
183albeit difference did not reach statistical significance
184(Fig. 2). These effects were comparable with that of 100 nM
185insulin-stimulated cells for 10 min. Both in dose-response
186and time-course experiments, the total protein levels of IR,
187Akt, and ERK1/2 did not change. Next, titles of IAA and
188anti-ISR antibodies, typical of Hirata’s disease and Flier’s
189syndrome, respectively, were measured in different controls
190(n= 3) and in the patient sera, by using the ELISA method.
191As shown in Fig. 3, no difference in the titles of IAA was
192observed between the control and PT sera. On the contrary,
193the titles of anti-ISR antibodies in the PT serum were sig-
194nificantly higher than the controls.
195Therapy with prednisone 60 mg daily was started with
196remission of hypoglycemic episodes.

197Discussion

198Autoimmune hypoglycemia is a rare disease usually mis-
199diagnosed as idiopathic due to the lack of validated diag-
200nostic methods. The major two forms are the Hirata’s
201disease and Flier’s syndrome described in 1994 and 1975,
202respectively [3, 4, 6].
203Hirata’s disease is characterized by hyperinsulinemic
204hypoglycemia, high titles of IAA, absence of previous
205exposure to exogenous insulin, and absence of pathological
206changes of pancreatic islets. This disease can occur at any
207age, without no difference between genders. The mechan-
208ism of hypoglycemia in Hirata’s disease is not fully known
209and probably two mechanisms are involved in the onset of
210this disease. Initially, in the immediate postprandial period,
211the autoantibody binds immediately to insulin, and, subse-
212quently, insulin dissociates from the complex with IAA,
213causing hypoglycemia [7].
214Flier’s syndrome, also known as type B insulin resis-
215tance, is a disease, more common in women, characterized

Table 1 Patient’s fasting test
0 6 h 12 h 18 h 24 h

Serum glucose 69 mg/dL 72 mg/dL 65 mg/dL 43 mg/dL 37 mg/dL

Insulin 8.6 µU/mL 3.3 µU/mL <2 µU/mL <2 µU/mL <2 µU/mL

C-Peptide 1.8 ng/mL 1.2 ng/mL 0.5 ng/mL 0.3 ng/mL 0.3 ng/mL
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216 by the presence of serum anti-ISR antibodies [6]. Clinical
217 features are variable and may include typical conditions of
218 insulin-resistance such as type 2 diabetes and acanthosis
219 nigricans. Anti-ISR antibodies are able to recognize per-
220 ipheral insulin receptors, which generally inhibit their sig-
221 naling. In some cases, however, these antibodies may exert
222 insulin-like activity, sometimes so powerful, to justify
223 deaths from hypoglycemic crises [8, 9]. Furthermore, it has
224 been hypothesized that some of the antibodies directed
225 specifically against insulin receptors may cross-react with
226 epidermal growth factor receptors, which, in part, explain
227 the presence of the acanthosis nigricans in these patients. In
228 addition, one third of the patients with Flier’s syndrome can
229 develop other autoimmune disorders such as systemic lupus
230 erythematosus, Sjögren’s syndrome, ataxia-telangiectasia,
231 vitiligo, alopecia, and autoimmune hypothyroidism [10].

232Our patient did not show acanthosis nigricans but had a
233personal and familial history of autoimmune diseases.
234The crucial role of the interaction between insulin and its
235receptor in the pathogenesis of rare cases of hypoglycemia
236was supposed in the first report of insulin receptors dis-
237orders in 1976 [11]. Soon after it became evident that in
238patients with hypoglycemia due to insulin receptors anti-
239bodies the clinical course could be fluctuating [12].
240Nevertheless, literature data are scarce due to the rarity of
241the disease. In a recent nationwide survey in Japan, where
242insulin autoimmune syndromes are the third leading cause
243of hypoglycemia, after insulinoma and extrapancreatic
244tumors, 30 cases of Flier’s syndrome were identified by
245questionnaires sent to 1957 academic councilors or
246responsible individuals at certified facilities [13]. The syn-
247drome was diagnosed most frequently in older individuals
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Fig. 1 Protein levels of the main
insulin signaling mediators in
HepG2 cells stimulated at
different serum concentrations
for 10 min. HepG2 cells were
stimulated with the control and
patient sera at 2.5 or 10%
concentration. Protein levels
were analyzed by Western blot
using antibodies for pIR, pAkt,
Akt, pERK1/2, ERK1/2, and
14.3.3, which was used for
normalization. Blots were
detected by ECL and the
autoradiographs shown are
representative of three different
experiments and subjected to
densitometric analysis. Asterisks
indicate statistically significant
differences (*p < 0.05; **p <
0.01)
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248 and was often associated with other autoimmune diseases.
249 Interestingly, hypoglycemia represented the trigger for
250 diagnosis in 23% of patients and it was found that 60% of
251 these patients experienced hypoglycemia. Hypoglycemia
252 represents a relevant issue not only in diagnosis of this
253 syndrome, but even during its clinical course, as the death
254 of a patient due to hypoglycemia was reported [13]. These
255 findings highlight that Flier’s syndrome is frequently not
256 recognized or even misdiagnosed. The lack of standard and
257 reliable diagnostic criteria is cause of late diagnosis and
258 impaired quality of life in these patients. Different treat-
259 ments are reported including glucocorticoid, immune sup-
260 pressant, immunoglobulin, and treatment for diabetes too
261 [6, 13]. Low dose of glucocorticoids, as in our patient, have
262 been reported to be effective in a 57-year-old male, whose
263 anti-ISR antibodies became undetectable after 30 months of
264 treatment [14]. Studies in patients with extreme insulin
265 resistance and acanthosis nigricans were performed to
266 obtain new insights in structure and function of the insulin

267receptor [15], but collecting data about both clinical and
268molecular aspects of the syndrome is still of utmost
269importance to improve knowledge and healthcare.
270We now describe that insulin levels did not increase
271during the fasting test and hyperglycemia was never
272detected in the proband (Table 1). To achieve the correct
273diagnosis, an “in vitro” study was performed on the serum
274of the patient to evaluate the presence of some insulin-like
275factors capable of enhancing insulin signaling. Although
276laboratory conditions cannot always be directly transferred
277to normal clinical practice, this basic biomedical approach
278has been already used in different pathologies to overcome
279the limitations of clinical observations and to achieve a
280correct diagnosis [16–19]. Thus, HepG2 cells were stimu-
281lated with the patient’s serum. Based on the obtained
282results, it was possible to observe that the cells treated with
283the patient’s serum showed hyperactivation of insulin sig-
284naling, despite having the same amount of insulin, com-
285pared with the controls. Next, since family’s history
286revealed the presence of autoimmune diseases, ELISA tests
287were then performed to determine the presence of the IAA
288and anti-ISR antibodies. Results indicated the presence of
289anti-ISR antibodies, but not IAA, in the patient, suggesting

α- 14.3.3

DMEM 
0,25% 
BSA

Ctrl
Serum
10 min

α- Akt

α- pIR

α- pERK1/2

α- ERK1/2

α- pAkt

α- IR

Ctrl
Serum
30 min

Ctrl
Serum
60 min

INS
100nM
10 min

PT 
Serum
10 min

PT 
Serum
30 min

PT 
Serum
60 min

DMEM 0.25% BSA
Ctrl S. 10 min
Ctrl S. 30 min

Ctrl S. 60 min
Insulin 10 min

PT S. 30min
PT S. 60min

PT S. 10min

pIR pERK1/2pAkt
0

8.0

6.0

4.0

2.0

7.0

5.0

3.0

1.0

nietorP
noisserpxe

(A
rb

itr
ar

y
un

its
)

*

*

***

Fig. 2 Protein levels of the main insulin signaling mediators in HepG2
cells stimulated at different serum concentrations for 10 min. HepG2
cells were stimulated with the control and patient sera at 10,30, and
60 min. Protein levels were analyzed by Western blot using antibodies
for pIR, pAkt, Akt, pERK1/2, ERK1/2, and 14.3.3, which was used for
normalization. Blots were detected by ECL and the autoradiographs
shown are representative of three different experiments and subjected
to densitometric analysis. Asterisks indicate statistically significant
differences (*p < 0.05; ***p < 0.001)
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Fig. 3 Anti-insulin antibody (IAA) and anti-insulin receptor (Anti-
ISR) assays. Levels of anti-insulin antibody (IAA) (A) and anti-insulin
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and in that of the patient being tested, using the ELISA assays. The
bars represent the mean ± SD of three independent experiments, in
which each is performed in duplicate. Asterisks indicate statistically
significant differences (*p < 0.05). Detection interval: 3.12–200 ng/mL
for Anti-ISR and 0–2.4 U/mL for IAA
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290 that she could be affected by Flier’s syndrome. Hence, the
291 patient was effectively treated with low dose
292 glucocorticoids.
293 In conclusion, this report suggests the importance of
294 personalized diagnostic approaches, by taking in account
295 techniques usually used in basic research, to prevent and
296 care diseases for which there are no validated clinical
297 methods.
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