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INTRODUCTION

ABSTRACT

Aims/Introduction: The relationship of chromogranin A (CgA) levels above the normal
range with various outcomes, such as glycated hemoglobin levels, enterochromaffin-like
cell hyperplasia and autoimmune gastritis, was investigated in type 1 diabetes patients
with special regard to the progression of comorbidities.

Materials and Methods: A cohort study on 153 type 1 diabetes patients was carried
out with a prospective branch on clinical and laboratory data, and a retrospective branch
on histological data obtained by gastroscopy.

Results: Patients with CgA levels above the upper limit of the normal range (n = 28)
had significantly higher glycated hemoglobin levels (P = 0.0160) than those with CgA in
the normal range (n = 125). The correlation between CgA and glycated hemoglobin was
significant (P < 0.0001), but weak (R = +032). A slight, but steady elevation (P = 0.0410) in
CgA level was observed to co-vary with the duration of type 1 diabetes. Enterochro-
maffin-like cell hyperplasia and autoimmune gastritis was significantly more frequent

(P = 00087 for both) in the high CgA group. Detailed analyses on gastric tissue samples
confirmed a progression of enterochromaffin-like cell hyperplasia (P = 0.0192) accompa-
nied by CgA elevation (P = 0.0316).

Conclusions: The early detection and follow up of the later progression of enterochro-
maffin-like cell hyperplasia and autoimmune gastritis into gastric neuroendocrine tumors,
which have ~100-fold greater incidence in type 1 diabetes patients, can be achieved by
assessment of CgA levels. Therefore, the use of CgA could be considered as a novel auxil-
iary biomarker in the care of these type 1 diabetes complications.

autoimmune gastritis (AIG)”®. AIG is present in 5-10% of

Gastric neuroendocrine tumors (NET; or gastric carcinoid) are
very rare (1:200,000) in the general population’, but in patients
with type 1 diabetes, approximately 100-fold more cases are
registered” . Gastric NETs might develop from the hyperplastic
proliferation of enterochromaffin-like (ECL) cells™® or from
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type 1 diabetes patients™'® compared with approximately 2% of
the non-type 1 diabetes population'’, and gastric NETs develop
in approximately 4-9% of type 1 diabetes patients with AIG’.
Furthermore, ECL hyperplasia, AIG and gastric NETs are
observed more often in women compared with men**'"'?,
Chromogranin A (CgA) is an acidic and hydrophilic family
member of the granin glycoproteins, and primarily produced
by neurons, endocrine and neuroendocrine cells, such as the
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intrinsic neurons of the enteric nervous system, the chromaffin
cells of the adrenal medulla and the ECL cells of the stomach'.
It is synthesized from 439 amino acids (molecular weight
48kDa) in humans'®, CgA takes part in the peptide and protein
sorting in the Golgi apparatus through its high-capacity and
low-affinity calcium-binding function'””". Furthermore, various
biologically active peptides are generated from CgA by the
cleavage of different endoproteases during and after secretion'®.
Several of these cleavage products have been found in human
tissues: pancreastatin, WE-14, catestatin, cateslytin, vasostatin-I
and -1I'°. Serum CgA is one of the most prominently used
markers to confirm the diagnosis, and to monitor the effective-
ness of the treatment in patients with various neuroendocrine
tumors™. Blood CgA level might be altered in some other
medical conditions®* >, although these do not lessen its impact
as a marker generally.

Recent human and animal model studies have suggested
that both the CgA protein by itself and some of its cleavage
products, most importantly pancreastatin and WE-14, regulate
carbohydrate metabolism and contribute to diabetes'>*. Pan-
creastatin suppresses insulin signaling and inhibits insulin
release®®, and it has an elevated serum level in type 2 and ges-
tational diabetes patients*>*. WE-14 functions as an autoanti-
gen for the diabetogenic, pancreatic-cell-destroying CD4" T-cell
populations in both non-obese diabetic mice and patients with
type 1 diabetes®®®. Some relationships between serum CgA
level and type 1 diabetes are also described. High CgA levels
and an increased frequency of ECL hyperplasia (n = 7) have
been reported in type 1 diabetes patients with AIG and pari-
etal cell antibody (PCA) positivity (n = 17)% however, CgA
has not been assessed independently from the PCA status, or
correlated with ECL progression. Nevertheless, CgA has been
identified as the only independent risk factor for ECL hyper-
plasia when PCA and gastrin were tested in type 1 diabetes
patients®.

An observational cohort study was carried out in type 1 dia-
betes patients to search for relationships between serum CgA
levels above the normal range and the various laboratory and
clinical outcomes, such as AIG and ECL hyperplasia. Clinical
and laboratory measurement data of type 1 diabetes patients
were collected in a prospective manner, whereas tissue samples
of the stomach were examined for AIG and ECL hyperplasia in
a retrospective way. In addition to the latter, frozen samples
from a tissue bank were also investigated to search for evidence
for AIG and ECL hyperplasia progression.

METHODS

Patients and study design

A total of 153 Hungarian, c-peptide confirmed, islet-cell- and/
or glutamic acid decarboxylase antibody-positive” type 1 dia-
betes patients with European ancestry, who attended the Meta-
bolic Clinic of the 2nd Department of Internal Medicine,
Semmelweis University, Budapest, Hungary, from 2010 to 2018,
were enrolled for the study. Written informed consent was

http://wileyonlinelibrary.com/journal/jdi

collected from all study participants. Exclusion criteria included
the use of acid reducer medications, any kidney diseases,
known tumors, ulcerative colitis, Crohn’s disease, systemic
rheumatoid arthritis or any conditions changing the serum con-
centrations of CgA*“*’. Patients with autoimmune diseases
associated with type 1 diabetes, including autoimmune thyroid
disease, celiac disease, pernicious anemia, alopecia areata, viti-
ligo, Addison’s disease and Sjogren’s syndrome were not
excluded. Glycemic control of patients was determined as
described in the 2019 guidelines of the American Diabetes
Association™.

An observational cohort study was carried out, where cohorts
were defined by the serum CgA level. On average, the patients
(n = 153) had been suffering from diabetes at the time of base-
line measurements for 13.47 * 9.77 years. Follow-up measure-
ments (n = 94) were carried out 18.88 & 9.80 years from the
time of diagnosis. A subpopulation of patients (n = 34) who
agreed to undergo gastroscopy all had the disease at the time
of the procedure for nearly the same duration as the follow-up
patients (20.53 £ 7.60 years).

Clinical data and measurements

Anamnestic, bodyweight and height data were collected, and
blood samples were drawn after an 8-h fasting period. Com-
plete blood count, glycated hemoglobin (HbA,¢), total-, high-
and low-density lipoprotein cholesterols, triglycerides, creatinine,
high-sensitivity C-reactive protein, and thyroid-stimulating hor-
mone were measured at the Central Laboratory of Semmelweis
University. The estimated glomerular filtration rate was calcu-
lated using the Chronic Kidney Disease-Epidemiology Collabo-
ration equations’’.

Serum CgA levels were measured at the Central Endocrine
and Genetic Laboratory of Semmelweis University using the
CGA-RIACT radioimmunoassay kit (CISbio International, Gif-
sur-Yvette, France) on a RIA-mat 280 (Laborexpert Kft., Diosd,
Hungary) automated analyzer. The normal range of serum
CgA (19.4-98.1 ng/mL) was obtained from the 95% confidence
interval (CI) of 162 healthy individuals, which has been con-
firmed in previous publications®>>.

Gastroscopy and chromogranin A-specific
immunohistochemical staining
Gastroscopy was carried out at the Gastroenterology Clinic of
the 2nd Department of Internal Medicine, Semmelweis Univer-
sity. A total of 19 patients with serum CgA levels above the
normal range, and 15 patients with normal CgA levels, whose
indications were not related to type 1 diabetes, underwent the
procedure. Biopsy samples for routine histological examinations
and CgA-specific immunohistochemical staining were collected
from the fundus, oral and aboral parts of the antrum, and
pylorus.

Biopsy samples were processed at the 1st Department of
Pathology and Experimental Cancer Research, Semmelweis
University. Routine histopathological procedures included
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hematoxylin—eosin staining”. The presence of Helicobacter
pylori was investigated by modified Giemsa staining’. The
updated Sydney system was used to evaluate activity, atrophy
and inflammation®. CgA-specific immunohistochemical stain-
ing was carried out with the Clone DAK-A3 Monoclonal
Mouse Anti-Human Chromogranin A immunohistochemistry
kit (M0869, dilution 1:1000; Dako Denmark A/S, Glostrup,
Denmark). Immune reactions were carried out in formalin-
fixed, paraffin-embedded tissue with 3,3’-diaminobenzidine as
chromogen with the Leica Biosystems Bond™ Polymer Refine
Detection kit on a Leica Bond™ automated immunostainer
(Leica Biosystems Newcastle Ltd., Newcastle Upon Tyne, UK).
Endogenous neuroendocrine cells of the gastric mucosa served
as positive controls.

Histopathological classification of the CgA-positive, ECL cell
growths were identified based on descriptions by Solcia et al.’
Briefly, cells are located randomly and individually in the case
of diffuse ECL hyperplasia, cell clusters form a chain of five or
more cells in linear ECL hyperplasia, while cells are orderly
arranged, forming knots between 100 and 150 pm in size in
micronodular ECL hyperplasia.

Statistical analysis

Statistical analyses were carried out within the R for Windows
version 3.5.0 environment (R Foundation for Statistical Com-
puting, Vienna, Austria)”’. Two sample t-tests and permuta-
tion-based paired t-tests were used for comparisons between
groups and paired data, respectively’®”. Fisher’s exact test was
used to compare count data. Pearson’s correlation, and linear
and logistic regression models were used for testing the in-be-
tween effects of various factors. Receiver operating characteristic
analysis was carried out to test the sensitivity and specificity of
CgA. P < 0.05 was considered as statistically significant; P-val-
ues were corrected with the false discovery rate method for the
multiple comparisons problem.

A random intercept linear mixed effects model was used to
determine the changes in CgA with the progression of type 1 dia-
betes. R package nlme*® was used to run the model. The depen-
dent variable in the final model was the natural logarithmic value
of serum CgA level, the fixed effect was the duration of type 1 dia-
betes and patient IDs were used as the random effect.

Ethics approval

This study was carried out in concordance with the World
Medical Association Declaration of Helsinki, and approved by
the Regional and Institutional Committee of Science and
Research Ethics of Semmelweis University. Handling of patient
data was in accordance with the General Data Protection Regu-
lation issued by the European Union.

RESULTS

Baseline measurements

A CgA level above the upper limit of the normal range
(>98.1 ng/mL) was observed in 18.30% of patients with type 1
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diabetes. Patients were divided into two cohorts based on their
baseline serum CgA levels. Study participants having levels
within the normal range (19.4-98.1 ng/mL) were assigned to
the Normal CgA group (n = 125), whereas patients with levels
higher than the normal range were assigned to the High CgA
group (n = 28).

To test whether other factors, such as age, sex, body mass
index and/or the duration of type 1 diabetes, affects the cohorts
outlined above, univariate and multivariate logistic regression
models were used. None of these factors showed any effect or
connection to the grouping variable. Study participants con-
sisted of homogeneous ethnicity (only Hungarians with Euro-
pean ancestry); therefore, no analysis was carried out on the
effects of ethnicity. No difference was found in the overall sta-
tistical analysis stratified by latent autoimmune diabetes of
adults. Therefore, latent autoimmune diabetes of adults and
conventional type 1 diabetes patients will not be subgrouped
hereinafter.

HbA,c levels in the High CgA group were significantly
higher compared with those in the Normal CgA group
(P =0.160; Table 1). A significant positive correlation was
found between CgA and HbA,c (Pearson’s R = +0.32,
P < 0.0001). However, as determined by a regression model,
the increase in HbA;c only slightly explained the increase in
CgA (adjusted R* = 0.0992, P < 0.0001). Based on the HbA,
values, 69.6% of the patients had poor glycemic control
(HbA,c >7.0%, which equals to >53 mmol/mol) in the Nor-
mal CgA group, whereas this figure rose to 96.4% of patients
in the High CgA group (P = 0.0326). The occurrence of
type 1 diabetes-specific antibodies, latent autoimmune diabetes
of adults and the commonly associated comorbidities of
type 1 diabetes, such as hypertension, thyroid diseases (both
autoimmune and non-autoimmune forms), celiac disease,
alopecia areata, pernicious anemia, vitiligo, Addison’s disease
and Sjogren’s syndrome, did not differ between the two
groups (Table 1).

Changes in serum chromogranin A levels with the duration of
type 1 diabetes
To determine whether the CgA level changes with respect to
the duration of type 1 diabetes, we chose two prospective
approaches. First, the patients were recalled for a follow-up
measurement of CgA. We were able to reach 94 patients from
the original 153 (call-back rate 61.4%). The mean duration
between the baseline and follow-up measurements was
4.73 + 2.27 years. The elevation of serum CgA levels in the
Normal CgA group was significant (n = 77, P = 0.0277),
whereas no significant change was observed in the High CgA
group (n =17, P=0.2202), or in both groups combined
(P = 0.0571; Table 2). The CgA levels of five (6.5%) Normal
CgA group patients were above the normal range at the follow-
up measurement.

Second, a random intercept linear mixed effect model was
constructed, where not only the paired, but all the baseline and
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Table 1 | Anamnestic and laboratory measurement data
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Normal CgA (n = 125) High CgA (n = 28) P-value
Age (years) 3537 £ 1227 3646 £ 988 0.7486
Duration of diabetes (years) 12.89 + 10.01 1607 + 829 0.2432
C-peptide (ng/mL) 041 +£ 076 033+ 120 08554
Islet cell antibody positivity 62 10 1.0000
Glutamic acid decarboxylase antibody positivity 71 11 1.0000
Chromogranin A (ng/mL) 4980 + 1958 29173 + 24832 0.0006
HbA:c (%) 829+ 196 962 + 202 0.0160
HbA¢ (mmol/mol) 67+ 214 82 + 221 0.0160
Glycemic control of patients
Well controlled diabetes 38 (304%) 1 (36 %) 0.0326
Poorly controlled diabetes 87 (69.6%) 27 (944 %)
White blood cell count (G/L) 741 £ 216 794+ 203 0.3828
Red blood cell count (T/L) 497 £ 051 464 £ 055 0.0356
Hemoglobin (g/L) 14470 + 1504 13171 £ 1937 0.0160
Hematocrit (L/L) 0429 £ 0043 0398 £+ 0.045 0.0160
Mean corpuscular volume (fL) 8630 + 334 8544 + 6.76 0.7075
Mean corpuscular hemoglobin (pg) 2912 £ 139 2841 £ 300 03828
Mean corpuscular hemoglobin concentration (g/L) 33754 £ 1180 33219 £ 1675 02978
Red blood cell distribution width (%) 1301 £ 080 1381 £ 1.60 00620
Platelets (G/L) 273.74 + 65.88 309.59 £+ 69.25 0.0682
Creatinine (umol/L) 7271 £ 1306 7914 £ 2635 03828
Estimated glomerular filtration rate (mL/min/1.73 m?) 10394 £ 1698 9799 £ 2507 03828
Total cholesterol (mmol/L) 506 £ 097 568 £ 170 0.2432
High-density lipoprotein cholesterol (mmol/L) 1.66 £ 051 165 £ 048 09552
Low-density lipoprotein cholesterol (mmol/L) 288 £ 072 338+ 151 02972
Triglyceride (mmol/L) 118 £ 1.00 149+ 124 03828
High sensitivity C-reactive protein (mg/L) 1.80 £ 2.20 243 £ 227 03828
Thyroid-stimulating hormone (mIU/L) 209 £ 235 185+ 187 0.7369
Body mass index (kg/mz) 2497 £ 495 2451 £ 484 0.7924
Sex (female/male) 66/59 (52.8%/47.2%) 16/12 (57.1%/42.9%) 09907
Latent autoimmune diabetes of adults 29 (23.2%) 4 (143%) 07237
Hypertension 40 (32%) 12 (42.9%) 06380
Autoimmune disease 15 (12%) 8 (286%) 0.1231
Vitiligo 4 (3.2%) 2 (7.19%) 06380
Alopecia areata 5 (4%) 0 (0%) 08342
Pernicious anemia 2 (1.6%) 4 (14.3%) 0.1009
Celiac disease 2 (1.6%) 1 (3.6%) 0.7237
Addison’s disease 1 (0.8%) 0 (0%) 1.0000
Sjogren’s syndrome 0 (0%) 1 (36%) 04697
Psoriasis vulgaris 1 (0.8%) 0 (0%) 1.0000
Thyroid disease 39 (31.2%) 10 (35.7%) 08342
Hashimoto's thyroiditis 31 (24.8%) 5 (17.9%) 08342
Hypothyroidism 7 (5.6%) 3 (10.7%) 07237
Hyperthyroidism 1 (0.8%) 0 (0%) 1.0000
Thyroid nodules 0 (0%) 2 (7.1%) 0.1231

Unit of non-laboratory data is the number of observations. CgA, chromogranin A; HbA ¢, glycated hemoglobin. P-values of statistically different

results between the two cohorts are indicated with bold text.

further repeated measurements from all of the 153 study
participants were used. A total of 364 CgA measurements were
collected. Based on the estimations given by the statistical
model, a significant 0.40-1.82% average increase in the serum
CgA concentrations can be expected annually (P = 0.0410).

Gastroscopy results

Gastroscopy was carried out in 15 patients of the Normal CgA
group, and 19 patients of the High CgA group. Frequencies of
gastroesophageal reflux disease, Helicobacter pylori positivity

and/or chronic gastritis were statistically not different between
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Table 2 | Baseline and follow-up chromogranin A measurements of the study participants

Baseline CgA (ng/mL) Follow-up CgA (ng/mL) P-value
Normal CgA group (n = 77) 4753 £ 1951 (35.10-5640) 5325 + 27.85 (3200-63.20) 0.0277
High CgA group (n = 17) 36565 + 31683 (151.20-41040) 466.16 £ 625.03 (16820-572.10) 0.2202
Groups combined (n = 94) 105.05 £ 18093 (36.60-81.55) 12793 + 305.57 (36.33-95.08) 00571

Duration between the two measurements was 4.73 £ 227 years. Mean + Standard Deviation (Interquartile range). CgA, chromogranin A. P-values
of statistically different results between the two cohorts are indicated with bold text.

Table 3 | Histological and clinical results of gastroscopies carried out

Normal CgA (n = 15) High CgA (n = 19) P-value

Chromogranin A-specific immunohistochemistry

Negative 8 (53%) 3 (15.8%) 0.0087

Diffuse ECL hyperplasia 7 (47%) 4 (26.3%)

Linear ECL hyperplasia 0 (0%) 7 (36.8%)

Micronodular ECL hyperplasia 0 (0%) 4 (21%)
Autoimmune gastritis 0 (0%) 9 (474%) 0.0087
Chronic gastritis 9 (60%) 16 (84.2%) 0.1949
Helicobacter pylori positivity 1 (6.7%) 2 (105%) 1.0000
Gastroesophageal reflux disease 10 (66.7%) 12 (63.2%) 1.0000

Unit of data is the number of observations. P-values were the same after false discovery rate correction of multiple comparisons. CgA, chromo-
granin A; ECL, enterochromaffin-like. P-values of statistically different results between the two cohorts are indicated with bold text.

these groups (Table 3). The serum gastrin level was also
investigated in patients with gastroscopy, and gastrin levels
in the High CgA group were significantly higher
(48.12 + 50.97 pg/mL vs 351.05 £ 252.66 pg/mL, P < 0.0001).
A significant positive correlation was found between CgA and
gastrin (Pearson’s R = +0.59, P = 0.0009), and the increase in
gastrin moderately explained the increase in CgA (adjusted
R® = 03286, P = 0.0004).

ECL hyperplasia positivity (ECL") occurs significantly more
often in female patients (85% of 20 women vs 42.9% of 14
men, P = 0.0383) in accordance with previous findings'?. ECL*
was present in 16 of the 19 High CgA patients (odds ratio
5.74, 95% CI 1.0001-44.1645) compared with seven of the 15
Normal CgA patients (P = 0.0087). The specificity and sensitiv-
ity of CgA were analyzed to predict ECL"; CgA had 90.9%
specificity and 45.5% sensitivity, with an optimal CgA cut-off
point of 183.35 ng/mL (Figure la). The distribution of hyper-
plasia types was significantly different (P = 0.0087, P-values
were the same after FDR correction of multiple comparisons)
between the two groups. Diffuse ECL hyperplasia occurred in
both the Normal CgA group and the High CgA group, but
more advanced forms of hyperplasia were found only in the
patients of the High CgA group (Table 3).

AIG was also more frequent in women (P = 0.0023), as
described before''. Histologically-confirmed AIG was signifi-
cantly more frequent (P = 0.0087) in the High CgA group (9
AIG cases vs 0 cases, odds ratio o due to division by zero, CI
95% 2.23—00). To detect AIG, CgA has a 48% specificity and
100% sensitivity, with an optimal CgA cut-off point of

100.50 ng/mL (Figure la). Red blood cell counts (P = 0.0336),
hemoglobin (P = 0.0167) and hematocrit (P = 0.0167) levels in
the High CgA group were significantly lower (Table 1), in
accordance with the described consequences of AIG™*'.

Progression of ECL hyperplasia in patients with continuously
high serum CgA levels

The examination of archive biopsy samples could be carried
out in 11 of the 19 patients in the High CgA group. Archived
biopsy samples were collected 3.94 £ 1.96 years before the gas-
troscopy. A significantly (P = 0.0192) higher number of more
advanced hyperplasia stages were observed at the recent gastro-
scopic examination compared with the archive samples
(Table 4). Just four of the patients had no changes at all, and a
progression was observed in seven patients.

The serum CgA levels of patients with and without progres-
sion were compared with a one-sided paired t-test. Serum CgA
levels were significantly higher (P = 0.0316) at recent gas-
troscopy in patients with ECL hyperplasia progression (Fig-
ure 1b), whereas they did not differ in patients without
histological progressions (P = 0.3752).

DISCUSSION

Newly-diagnosed type 1 diabetes patients have shown elevated
WE-14-induced CD4" *°, CgA¢.1o- and CgA 3 5,-fragment-re-
lated, CD8" P-cell-specific diabetogenic T-cell antigenicity*’,
suggesting that these CgA cleavage products contribute to the
pathogenesis of type 1 diabetes'>*********3 However, there is
little information about the relationship between CgA and the

© 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 1| (a) Receiver operating characteristic (ROC) curve of chromogranin A to detect enterochromaffin-like neuroendocrine hyperplasia and
autoimmune gastritis (1 = 34). The two curves do not differ significantly (P = 0.5615). (b) Changes in serum chromogranin A levels of the patients
who had progression in their neuroendocrine enterochromaffin-like (ECL) hyperplasia types between the two gastroscopies (P = 0.0316). AUC, area

under the curve.
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Table 4 | Distributional changes of neuroendocrine enterochromaffin-like hyperplasia types and serum chromogranin A levels at the two

gastroscopy examinations

High CgA (n = 11) Archived gastroscopy samples Recent gastroscopy P-value
Chromogranin A-specific immunohistochemistry
Negative 8 (72.7%) 2 (182%) 0.0192
Diffuse ECL hyperplasia 0 (0%) 5 (454%)
Linear ECL hyperplasia 2 (182%) 2 (182%)
Micronodular ECL hyperplasia 1 (9.1%) 2 (18.2%)
Serum chromogranin A (ng/mL)
Patients with histological change (n = 6)f 411.75 £ 469.88 (161.00-327.05) 71353 £ 76697 (233.05-767.15) 0.0316
Patients without histological change (n = 4) 19753 £ 131.31 (12083-2199) 16468 + 67.82 (12843-178.85) 03752

Unit of enterochromaffin-like (ECL) hyperplasia data is the number of observations. Mean + standard deviation (interquartile range). fone patient
from the group had no serum chromogranin A (CgA) measurement around the time of archive gastroscopy results. P-values of statistically different
results between the two cohorts are indicated with bold text. [Correction added on 18 May 2020, after first online publication: A missing number

of observation has been inserted]

latter stage of type 1 diabetes long after the onset of the disease.
The present study showed that approximately 20% of the
type 1 diabetes patients had CgA levels above the upper limit
of the normal range. There are no pancreatic B-cells in the
patients long after the first onset**; therefore, our observation is
not connected to the CgA product-sensitive, [} cell-specific
T cells in all probability.

ECL hyperplasia and AIG occurred more frequently in our
type 1 diabetes patients with high CgA levels, similar to the
finding that ECL hyperplasia and AIG more often occur in
type 1 diabetes patients with PCA positivity®. Approximately
50% of our patients with high CgA levels and ECL" also had
AIG, in accordance with the known connection between ECL*
and AIG*”'"*, Significantly lower hemoglobin and hematocrit
values, and red blood cell counts, were detected in the High
CgA group, which can be explained by the higher presence of
AIG within the group, accompanied by various forms of ane-
mia”*". In addition, ECL hyperplasia and AIG occur more
often in women®'""?, which we also observed.

The prospective branch of the current study showed a slow,
but steady, rise in CgA level over time, and the patients with
high CgA levels had more progressed ECL hyperplasia stages,
indicating the progression of ECL hyperplasia. Although the
low number of archived gastroscopy samples did not enable us
to carry out a full prospective investigation on tissue samples,
the comparison of biopsy samples from recent gastroscopy to
archived biopsy samples showed that the ECL hyperplasia
stages in type 1 diabetes patients of the High CgA group pro-
gressed, which was also accompanied by a rise in serum CgA
levels. CgA levels did not change significantly in the patients of
the High CgA group who had a lack of ECL hyperplasia pro-
gression. The observed connection between the serum and his-
tological results strongly suggest that the histological changes in
the gastric mucosa cause the elevation of CgA levels in type 1
diabetes patients. This is also supported by the higher serum
gastrin levels in the High CgA group, which indicates the gas-
tric origin of CgA*, although CgA is an independent risk

factor from PCA and gastrin for ECL hyperplasia in type 1 dia-
betes patients®. Unfortunately, the present findings do not allow
us to determine whether ECL hyperplasia or AIG develops first,
and what is the exact pathomechanism. As AIG was only
observed together with linear or micronodular ECL hyperplasia
stages and high CgA levels, and ECL hyperplasia was also pre-
sent in patients within normal CgA levels and without AIG, it
might be considered as a sign that ECL hyperplasia is the one
that develops first. Nevertheless, ECL cell hyperplasia®® and
AIG”® can both be a basis of developing gastric NETs', which
has 100-fold increased prevalence in type 1 diabetes patients* ™,
The significance of CgA levels in the diagnosis of type 1 dia-
betes was shown by one of our cases*’; high CgA levels helped
to detect a silent gastric NET on the basis of ECL hyperplasia
in a female type 1 diabetes patient. After tumor removal, her
serum CgA level returned to the normal range®’.

Serum CgA is used as a marker of various neuroendocrine
tumors™ and it has been proven to be a good marker to track
the progression of both ECL hyperplasia*® and gastric NETs™.
CgA levels far above the normal range clearly indicated the
presence of ECL hyperplasia in patients with type 1 diabetes
according to the data of receiver operating characteristic curves,
but the optimal cut-off point was higher than the upper limit
of the normal range, resulting in a high number of unidentified
ECL hyperplasia with CgA values between these two points.
The value of the optimal CgA cut-off point for AIG was practi-
cally the same as the upper limit of the normal range, and
there were no unidentified AIG cases based on these CgA
levels. Last but not least, CgA levels far above the normal range
characterized well the progression of ECL hyperplasia.

In all probability, elevated serum CgA levels in patients far
from first onset of type 1 diabetes were caused by gastric ECL
hyperplasia and AIG. AIG is a known comorbidity of type 1
diabetes, appearing during the progression of type 1 diabetes;
therefore, it is not surprising that the CgA level showed a
weak, but significant correlation with HbA;c, and was also
associated with the glycemic control of patients. During the
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present study, we made a preliminary, but clinically interesting,
observation that glycemic control could not have been effi-
ciently normalized in most of our patients with high CgA,
despite their good compliance. We do not know the potential
cause of the bad glycemic control in patients with high CgA
levels and without compliance issues, but we cannot rule out
that elevated CgA or one of its cleavage products (for exam-
ple, pancreastatin) due to ECL hyperplasia-AIG exert an influ-
ence on glycemic control.

There is no consensus regarding the usefulness of CgA as a
marker in diabetes at the present time. It has been previously
suggested that further testing is necessary to evaluate the useful-
ness of CgA in diabetes™, whereas others have suggested that
testing the combination of serum CgA, gastrin and PCA might
be equivalent to histological examinations to detect premalig-
nant lesions of gastric NETs, and would be recommended®.
G cells producing gastrin, ECL cells producing CgA and pari-
etal cells covered by the antigens of PCA have a complex, func-
tional relationship in gastric glands®. PCA is applied to
indicate AIG>***°, However, PCA cannot be used to follow up
the progression of the AIG** due to the loss of gastric parietal
cells, nor can it be used to predict and follow up premalignant
histological changes and gastric NETs®, contrary to CgA”. The
gastrin serum level gives only indirect information on ECL cell
progression, because it is produced by gastric G cells*®, whereas
CgA is a direct product of gastric ECL cells"’. Based on the
observations of the current study, the routine measurement of
CgA in patients with type 1 diabetes would indicate ECL" and
AIG reasonably well. Progressively increasing CgA levels would
be a good indicator of the need for histological examination by
gastroscopy. It would be possible to follow up the progression
of ECL hyperplasia toward gastric neuroendocrine tumors by
using CgA measurements in type 1 diabetes patients who
already have CgA levels above the normal range and ECL
hyperplasia-AIG confirmed by biopsy. Therefore, CgA should
be considered as an auxiliary marker for the early detection
and follow up of ECL hyperplasia and AIG in diabetes care.
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