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Redefining the tail of pancreas based on the islets
microarchitecture and inter-islet distance

An immunohistochemical study
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Abstract N\
Researchers divided the pancreas distal to the neck into 2 equal parts as the body and tail region by an arbitrary line. Surgeons |
considered the part of the pancreas, left to the aorta as the tail region. We performed this study to identify the transition zone of low-
density to high-density islet cells for redefining the tail region.

We quantified islets area proportion, beta-cell area proportion, and inter-islet distance in 9 Indian-adult-human non-diabetic
pancreases from autopsy by using anti-synaptophysin and anti-insulin antibodies. Data were categorized under 3 regions like the
proximal body, distal body, and distal part of the pancreas.

Islet and beta-cell area proportion are progressively increased from head to tail region of the pancreas with a significant reduction in
inter-islet distance and beta-cell percentage distal to the aorta. There is no significant difference in inter-islet distance and beta-cell
percentage of the distal part of the body and tail region.

Crowding of islets with intermingled microarchitecture begins in the pancreas distal to the aorta, which may be the beginning of the
actual tail region. This study will provide insight into the preservation of islets-rich part of the pancreas during pancreatectomy and
future prediction of new-onset diabetes.

Abbreviations: AJCC = American Joint Committee on Cancer, B1 = part of body right to the aorta, B2 = part of body left to the
aorta, DAB = 3,3'-diaminobenzidine, H = head, HRP = horseradish peroxidase, IHC = immunohistochemistry, IID = inter-islet

distance, NODM = new-onset diabetes, T = tail, WSI = whole slide image.
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1. Introduction

The pancreas has a unique scattered distribution of islets, which
notonly vary in their microarchitecture but also in its proportion to
the exocrine part in various regions of the pancreas. Recent studies
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documented the intra-pancreatic regional variability of islets area
proportion.!" Islets of different parts of the pancreas are varying in
their embryogenesis, architecture, and insulin secretory capaci-
ty.[>Islets in the tail region are derived from the dorsal pancreatic
bud and these islets are relatively larger in size with the
characteristic intermingling of relatively fewer beta cells with
more alpha cells, which increase their insulin-secreting capacity via
paracrine effect.”>°! Since the islet distribution/density is relatively
higher (twice that of the head) in the tail region,'”! obviously, the
inter-islet distance (IID) will be less due to overcrowding of islets.
Even though many studies emphasizing on the importance of the
pancreatic islets on the tail region, there is paucity on the studies
which actually delineate the tail region.”®! The classical anatomy
textbook describes the tail region as part of the pancreas within the
layers of the splenorenal ligament.”! Most of the pancreas
researchers for the purpose of histomorphometric studies consid-
ered tail and body as 2 equal parts.'” As per the American Joint
Committee on Cancer (AJCC) guidelines, surgeons considering the
part of the pancreas left to the aorta as the tail region.''! Despite
the importance of the islets of tail region in comparison with islets
of other parts of the pancreas, there is a paucity of literature that
exactly demarcates the tail region where the islets density is
relatively higher than the rest of the pancreas. Detailed knowledge
about the beginning of the tail region where the islet density starts
rising is essential to preserve islet rich part during pancreatic
surgeries, to predict the future risk of new-onset diabetes (NODM)
following pancreatectomy and to improve the islet harvesting.
Furthermore, the quantification of exact islet area proportion
or individual islet cell composition in different regions of the
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human pancreas is challenging due to its complex distribution.
The majority of the existing studies have quantified the endocrine
part by taking a limited number of tissue sections, restricted to
certain regions of the pancreas or by selecting the pancreatic
tissue blocks randomly.['*™* The pancreatic islets are known for
high regional variability, so this random or restricted selection of
tissue will result in under or overestimation of islets area.’!
Furthermore, few studies have selected random microscopic fields
or islet-rich fields for measuring the proportion of endocrine part
leading to selection bias.!"!

So, the present study aimed to determine the location of
transition zone in the pancreas, that is, the beginning of the actual
tail region of the human pancreas where the islet density is start
rising or differ significantly based on the inter-islet distance and
endocrine area proportion (beta-cell percentage) by using large-
scale computer-assisted analysis.

2. Materials and methods

2.1. Pancreas collection

A total of 9 adult human pancreases were collected from autopsy
within 12 hours of death after obtaining the institutional ethical
committee approval.['®!In all the cases, the cause of death was the
road traffic accident; none of the cases were suffering from any
chronic disorders like diabetes, pancreatitis, etc. The pancreas
was divided into anatomical head, body, and tail based on the
previous studies!"®'”! (Fig. 1). Briefly, after removing the head
(H) by dividing at the neck (using portal vein as a landmark), part
of the pancreas distal to the portal vein is divided into 2 equal
parts as the anatomical body and tail region (T) (Fig. 1).
Secondly, based on AJCC surgical guidelines,'!! the body is
subdivided into 2 parts (part of body right to the aorta [B1] and
part of body left to the aorta [B2]) by using the left margin of the
aorta as the landmark. All 4 segments were labeled, as shown in
Figure 1. Subsequently, complete coronal and transverse sections
of all the 4 parts of the pancreas were grossed as described
earlier.'”! Approximately 40 sub-blocks from each pancreas
were immersion fixed in 10% neutral buffered formalin,
processed, and embedded in paraffin blocks. Pancreas showing

Figure 1. Pancreatic head (H) is divided by using portal vein as a landmark
(blue dotted line); body and tail region (T) of the pancreas is divided into 2 equal
halves (black dotted line); the body of the pancreas is subdivided as B1 (part of
body right to the aorta) (red dotted line) and B2 (part of the body left to the aorta)
based on AJCC guidelines. AJCC=American Joint Committee on Cancer;
AT =anatomical tail (T); ST=surgical tail (B2+T).
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autolytic changes and occult pancreatitis in Hematoxylin and
Eosin staining were excluded from the study.

2.2. Immunohistochemistry

Immunohistochemistry (IHC) was done on 2 consecutive 4 um
thick paraffin sections from each block. Antigen retrieval was
done by using the heat antigen retrieval method under high
pressure with a citrate buffer solution. After blocking the
endogenous peroxidase activity, primary antibodies such as
rabbit monoclonal anti-synaptophysin antibody (1:300) (Pathn-
Situ, Livermore, California) and rabbit monoclonal anti-insulin
antibody (1:200) (PathnSitu, Livermore, California) were used.
The primary antibody was detected by a secondary antibody
labeled with horseradish peroxidase (HRP) and 3,3’-diamino-
benzidine (DAB) chromogen (DAKO, Carpinteria, CA). Whole
slide images of all ITHC slides were captured in 10x magnification
by using Carl Zeiss digital slide scanning system and Meta-
Systems software. 10x magnification was sufficient for comput-
er-assisted image analysis.!"®! Each whole slide image (WSI) sized
several gigabytes were exported into the TIFF format and were
transported to the workstation.

2.3. Quantification

All WSIs were analyzed by using Fiji/lmage] free software from
NIH (downloaded from http//imagej.nih.gov/). We quantified the
islets and beta-cell area proportion as per our previous
publication."”! In addition to that, following the segmentation
of synaptophysin stained WSIs, the inter islet distance of each islet
was measured by using the nearest neighbor distances plugin in
Image] softwarel'®! (Fig. 2B and C). The IID was measured from
the center of each islet to the center of nearby islets. The islet area
less than 17 um® was excluded as these are scatted islets cells
rather than individual islets.
The formula used for various calculations are:

1. Islet area proportion=[total DAB positive area of the slide
(anti-synaptophysin)]/[total tissue area of the slide] x 100.

2. Beta-cell area proportion =[total DAB positive area of the slide
(anti-insulin)]/[total tissue area of the slide] x 100.

3. Beta-cell percentage =[total beta-cell area]/[total islet area] x
100.

Here the authors calculated the beta-cell percentage against the
total islet area in different parts of the pancreas.

2.4. Statistical analysis

Data are summarized and expressed as mean +SD. Paired “#” test
was used to compare the data of means of the islet and beta-cell
area proportion, beta-cell percentage, and IID in various regions
of the pancreas. Pearson correlation test was used to compare the
relation of islet areas proportion and inter-islet distance. P value
<.0S5 taken as significant. The statistical test was performed by
using SPSS software version 25 and graphs were plotted by
Microsoft Excel 2016 software.

3. Results

Details of the 9 subjects, including age, gender, and BMI were
given in Table 1. In all cases, BMI is within a reasonable limit.
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Figure 2. (A) Hematoxylin and Eosin-stained section showing pancreatic islets and acini without features of autolysis; (B) a single representative field of IHC image,
stained by an anti-synaptophysin antibody from B1 segment of a pancreas; (C) processed image — segmentation of DAB positive area in Imaged software; (D)
schematic representation showing how the ImagedJ software calculated the IID — centre of each islet to the centre of the nearby islet. Images B, C, and D are at same
magnification for better comparison. IHC =immunohistochemistry, IID=inter-islet distance

3.1. Topographical variation of islets and beta-cell area
proportion

Topographical variation of islet and beta-cell area proportion of
all the 9 cases were plotted in the bar graph with its
corresponding inter-islets distances in Figure 3. The mean islet
area proportion of B1, B2, and T segment was 0.75+0.29%,
0.99+0.34%,and 1.37 +0.65% respectively. The mean beta-cell
area proportion of B1, B2, and T segment was 0.58 +0.26%, 0.7
+0.31%, and 0.93+0.43%, respectively. The mean islets and
beta-cell area proportions are progressively increasing from the

Details of the subjects.

Case No. Age Gender BMI

1 45 F 21.31659
2 34 F 18.91807
3 35 F 20.3428
4 49 M 18.02289
5 30 F 20.56881
6 34 F 20.88889
7 75 M 18.32963
8 27 M 19.77041
9 25 M 28.47898

BMI=hody mass index.

body to the tail region of the pancreas (Table 2). Islets and beta-
cell area proportion of B2 segment (part of the body left to the
aorta) is significantly higher than that of B1 segment with the P
value of .007 and .021, respectively. Thus, there is a significant
rise in endocrine proportion in the distal part of the body (B2
segment).

3.2. Topographical variation of islet dimension

The mean islet dimensions of B1, B2, and T segment of the
pancreas are 42.34+5.19um, 43.62+8.24pum, and 45.62+
4.67 wm, respectively. The mean islet dimension increased from
the B1 to T segment; however, there is no significant difference (P
value=.3).

3.3. Topographical variation of inter-islet distances

The mean inter-islet distances of B1, B2, and T segment of the
pancreas are 268.1+62.3 um, 232.6 +49.9 um, and 210.54 +
39.7um, respectively. The mean inter-islet distance was
progressively decreasing from body to tail region of the pancreas.
The mean inter-islet distance of the B2 segment is significantly
lower than that of the B1 segment; however, there is no significant
difference between the IID of the B2 and T segment. Thus,
crowding of islets starts in the distal part of the anatomical body.
There is a strong negative correlation of IID and islet area
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Figure 3. Bar chart representing the topographical variation of islets and beta-cell area proportion with its corresponding 1D of all the 9 cases along with its mean
values (average). IID was reduced in the B2 segment in most of the cases, which is aimost similar to that of the T segment. Case nos. 5 and 7 show the difference in
1ID trend when compared with the general trend; out of that 2 cases, case no. 7 is the 70yr old male; thus, the cases might be because of age-related changes in the

pancreas. IID =inter-islet distance.
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Regional variation of islet and beta-cell area proportion, inter-islet distance, and beta-cell percentage to total islet area.

Islet area proportion

Beta-cell area proportion

Mean + SEM P Mean + SEM P
B 0.87+0.30% Bvs T=.005" 0.62+0.28% Bvs T=.001"
B1 0.75+0.29% B1 vs 82:.007' 0.58+0.26% B1 vs B2=.021
B2 0.99+0.34% B2 vs T=.021" 0.7+0.31% B2 vs T=.006
T 1.37 +£0.65% 0.93+0.43%
Inter-islet distance Beta-cell percentage to total islet area
Mean + SEM P Mean + SEM P
B 250.1+56.1 wm Bvs T=.013" . 70.1+13.8% BvsT=.844
B1 268.1+£62.3um B1vs B2=.016" 75.7£12.2% B1 vs B2=.036"
B2 232.6+49.9 um B2 vs T=.130 69.1+13.3% B2 vs T=.986
T 210.54+39.7 pm 69.2+9.9%

B=anatomical body, B1=part of body right to the aorta, B2 =part of the body left to the aorta, T=anatomical tail.

proportion, confirmed with Pearson correlation and had r=—
0.579, P<.002; which is statistically significant (Fig. 4).

3.4. Topographical variation of beta-cell area percentage
to total islet area

The mean beta-cell area percentage of B1, B2, and T segment was
75.7+12.2%, 69.1+£13.3%, and 69.2+9.9%, respectively. The
mean beta-cellarea percentage of the B2 segmentissignificantly lower
than thatof the B1 segment; however, there is nosignificant difference
between the mean beta-cell area percentage of the B2 and T segment.

4. Discussion

The pancreas is an exo-endocrine organ that regulates body
metabolism. Endocrine cells are scattered within the exocrine

pancreas, which constitutes around 2% of the total pancreatic
area. In standard textbooks, there is no clear demarcation of the
tail region from the body. The proportion of islets and beta cells
are higher in the distal part of the pancreas. This differential
distribution may be due to the variable sources of its
embryological origin.!"”**! Even though the size of the pancreas
varies widely from rodents to monkeys or humans, the size of the
islet is almost remaining constant, with the maximum diameter
being around 500 wm.'*”! Thus, several researchers hypothesized
that the optimal size of the islet is essential for its adequate
functional activity.**" To meet the insulin demand, the islet
number (limiting islet size) and its cellular arrangement are
increased during evolution.!® This intermingled arrangement of
alpha and beta cells allows the contact of single beta cells with
more number of alpha cells, which increase the insulin-secreting
capacity of beta cells via the paracrine effect.l®!

400

Inter-Islet Distance (um)

R? Linear = 0.335

100

0 5 10

15 20 25 30

Islet Area Proportion (%)

Figure 4. Relation of islet area proportion and inter-islet distance.
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Topographical variation of islets morphology and functions is
also linked with their development.”*™ Islets derived from the
dorsal pancreatic bud (distal part of the pancreas) are relatively
larger in size with the characteristic intermingled arrangement of
alpha and beta cells, which has higher insulin-secreting capacity
than that of islet-derived from the ventral bud (lower part of the
head)."*”! Some animal studies demonstrated that the basal
insulin-secreting capacity of islets derived from both ventral and
dorsal buds is similar; however, the insulin-secreting capacity of
islet-derived from the dorsal pancreatic bud is significantly higher
g]ven in the lower glucose concentration via the paracrine effect./*~

Topographical variation in islet distribution, like more than
two-fold (100%) increase in islet area proportion in the distal
part” is probably due to an increase in islets number rather than
161 The present study also documented no significant
variation in islet dimension in the body and tail region of the
pancreas. The increase in islet number leads to crowding of the
islets, which results in the reduction of the IID. Though the larger
islets with characteristic intermingling arrangement of alpha and
beta cells are more efficient in insulin secretion, there is a
reduction in beta-cell area percentage to total islets area.'”! Thus,
in the present study, we used the IID and beta-cell area
percentages to determine the tail region.

In the present study, the authors observed a reduction in IID in
the part of the pancreas left to the aorta (B2 and T segment)
(Table 2). Even though both islet and beta-cell area proportion
increase from the body to tail, it is increasing disproportionately.
Islet area proportion increases 24% from B1 to B2 region,
whereas beta-cell area proportion increases 12% only (Table 2).
Thus, there is a reduction in beta-cell percentage to total islet area
in the B2 region. Increasing in islet areas with a significant
reduction in the beta-cell percentage in the B2 region shows the
appearance of larger islets with characteristic intermingled alpha
and beta cells, as seen in similar studies.!®!”! In the region left to
the aorta (B2 and T region), both islet and beta-cell area
proportion increased ~40% symmetrically (Table 2) leading to
no differences in the beta-cell percentage to total islet area, which
shows there is no change in islet architecture (size and cellular
arrangement) in both these areas. Even though there is a
significant increase in islet and beta-cell area proportion between
B2 and T segments, the B2 segment shows the characteristic islet
crowding and intermingled beta and alpha cells arrangement as
observed in the T region. Thus, the B2 and T segment has
histomorphometric similarities in islets distribution and architec-
ture. The entire part of the pancreas left to the aorta may be
considered as the tail of the pancreas.

Distal or left pancreatectomy may range from resection of the
smaller region of the tail to complete resection body and tail
region, which is commonly done in the cancerous or premalig-
nant lesions of the pancreas. Approximately 70% of islets are lost
during total resection of the pancreas distal to the neck (extended
left pancreatectomy). Thus, NODM (type 3c diabetes melli-
tus)!?*! is commonly encountered in 5% to 50% of the individuals
based on the extent of the pancreatic resection and pre-existing
disease status of the individual.!**** The incidence of NODM is
higher in the distal pancreatectomy individuals when compared
with the other type of pancreatectomies (Table 3).1232573% Apart
from endocrine insufficiency, exocrine insufficiency is also
reported in 20.19% of distal pancreatectomy individuals.!?!
So optimal resection is essential to avoid metabolic derangement
and subsequent morbidities.

size.
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Review of literature shows the incidence of new-onset diabetes
mellitus (NODM) in the distal pancreatectomy (DP).

S. No.

Author (year) NODM in DP (%)

1 Schnelldorfer et al (2007) 51

2 King et al (2008) 20-50
3 Kim et al (2011) 19.2
4 Burkhart et al (2015) 31

5 De Bruijin et al (2015) 17-36
6 Kwon et al (2015) 305
7 Kang et al (2016) 25.3
8 Nguyen et al (2017) 44.6
9 Woodcock et al (2019) 4-5
10 Jiro et al (2019) 44.79
11 Wu et al (2020) 3-40

As the pancreas shows a high degree of intra-pancreatic
regional variability in islets morphology and distribution, we
quantified the islet and beta-cell areas proportion by examining
the WSI of a complete representative coronal and sagittal section
of the pancreas tissue (at least 20 cm® area microscopically in each
pancreas) using large-scale computer-assisted analysis with
Image ] software. This method of analysis minimizes the
sampling error and interobserver variation. Furthermore,
researchers in various studies have determined the total islet
area proportion by adding 3 major endocrine cells of islets like
alpha-, beta-, and delta cells, which leads to an underestimation
of total islets area due to ignoring the minor endocrine cells like
epsilon and pancreatic polypeptide cells.>'*2%1 The anti-
synaptophysin antibody used in the present study is against
the transmembrane vesicle protein of islets cell, which shows
immunoreactivity toward all subtypes of islets cells resulting in
less chance of underestimation of islet area.l*”!

The limitation of the present study is that even though we have
collected the pancreas from individuals without a history of
diabetes, there may be chances of subclinical diabetes. We have
examined the reports of recent blood sugar values wherever
available to exclude the diabetic pancreases. The other limitation
of the present study is case no 7 (Table 1 and Fig. 3), which is the
pancreas of a 75-years old male, who is a relatively older
individuals in the study. The IID and beta-cell percentages show
no significant change in B1 and B2 segment; this might be due to
age-related changes in the pancreas.[*®3”]

In conclusion, for the first time, we provided information about
the beginning of the tail of the pancreas based on the
histomorphometric features by using large-scale computer-
assisted analysis. Part of the pancreas distal to the aorta contains
a higher density of relatively larger islet with more insulin-
secreting capacity. Even though the amount of the pancreatic
resection in distal pancreatectomy is decided based on the extent
and nature of the disease, knowledge about the topographical
variation of islet density in the pancreas will provide an insight
into the better preservation of islets during pancreatic surgery and
prediction of future risk of diabetes and other comorbid
conditions.
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