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Figure 1. Computed tomography images of subcutaneous and
visceral fat areas. (A) Native image (B) Total fat volume (C)

Subcutaneous fat area (D) Visceral fat area.
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(P-value=0.000D)¢ll Fe]gt xfo]lE R P, HIREQl =zl oA+ g

T3 (P-value=0.3146) 3 o]t ztolE H AT A2 Hwel A
& o of] A A AT Hxz72  (P-value=0.0115), ™ %3
(P-value<0.000D)ell 23k xto] & B YL, HIRE)] 1A= tix
2 (P-value=0.0189), %3 (P-value=0.0003)3} 23t x}o]= H
o a2y Agdy gzl Aboldl M= WA P-value=0.3749) 2
I A (P-value=0.2633) & o 2|3 Zpo]E HolFA| &3k

H g ghzbtoll A & o, do]l e APdolA Yol fle

1R WA dsAY vl E=as Bt £ vinkel I
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g oSas A AT W SR Ad AlTd daw dAe W
A A Hleo] ¥ =dvh eiu WARAN dsiA Hle 2

FAACE fog ApolE HolA ZdtH(P-value = 0.1860) (Figure

HAlT s dEAS5XES M1 £53

Ao A AT AR M1 E531eF v RtgiAlFE9] 5204 =
AbE-E 11 9l ABCD, DiaRem, Ad-diaRem, IMS 502 B]ulslo] 2~

ojwl Ao R JHAE Kz itk M1 ABCD -3
oo} &9 A#AAA (R=-0.2057, P-value=0.5440), DiaRem (R=0.1827,
P-value=0.5909), Ad-DiaRem score (R=0.2603, P-value=0.3295), IMS
(R=0.4727, P-value=0.1420)¢} =9 A##AE BRAFAoy AL
FAAR fFostA edth(Figure 7).

A AR Agoelm g F Fho] zko]7t =4 Wilcoxon's signed rank
test (H]|E paired t-test)& AR&ste] FAst9al 1 g2 Folstdth

(P-value=0.0078). Fst&d M4 4 £33 Ml E53= 2dojnt 433
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Aol Al Fe] FHAAE HEFNAL(R=0.9048), SAIAoZ FJstaith
(P-value=0.0020). F3td s 74 Z3 MI/M2AAME Fon] sk o
A3 #AE e ATHR=0.8333, P-value=0.0102) (Figure 8).

UA FES 98 ML E53ket A To] ASAFRME T T
TAT T, HET T, 9, SAT "HET HE, C-RksAEY) 9
C-etol =} A¥jojyt AAAAZTAE 3T o T FAHAT F
(R=0.7381, P-vaule=0.0366) <} 3T EEy H] & (R=0.7785,
P-vaule=0.0229)o| A1 o] 4 BAIE B FAAHSR Fostrh
gy M1t C-efe]l= Abolell A= Fofml gk Ayt
tHR=0.0000, P-vaule=1.0000).
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Figure 2. Flow cytometry analysis. (A) The percentage of CDIllc+
M1 macrophages and CD163+ M?2 macrophages in stromal vascular
fraction (SVF) cells was determined in the visceral adipose tissues
from each group. (B) The percentage of M1 macrophages and M?2
macrophages among CD14+ cells from each group. £<0.05 as per the
Kruskal-Wallis test for macrophage, M1 and M2.
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Macrophages Crown Like Structure
o =0.0001
w 28 £ =0.0014 6 | |
e ‘ | ®
T °
520 °%e o
=9 L =
i 5 4 ™ p=10.0008
= 154 ° o ]
o -5 7]
* .. d .—.—. L]
104 'e®
g e ‘s 24 e e
o W . s ° e, 0
5 3 ° °® b4 = ]
1 Tl '—l-!-o .
2 ol e® : e ot ol e s e
> N ] hS
w“@ & \\"\W & eé"b ‘o\\ &500 @ﬂ"
: & & 5 S
q""\{‘\ 5 52 e Qaé@ P =
<"

Figure 3. Hematoxylin staining and immunohistochemistry.
Microscopic examination was performed using visceral adipose tissues
from humans. Scale bars represent 100 ym. (A) Hematoxylin staining
in LPF (200X) (B) immunohistochemistry in HPF (400X).
Immunohistochemistry was performed for CD68 using the visceral
adipose tissues obtained from each group. CD68+ macrophages
(brown color) are organized into crown like structures (CLS)
(indicated by arrows) (C) The number of CD68+ macrophage and

CLS was calculated for each group. P<0.05 as per the Kruskal-Wallis
test.
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Figure 4. Identification of M1 and M2 markers using qRT-PCR.
The expression levels of M1 and M2 markers were estimated in the
stromal vascular fraction (SVF) cells from the visceral adipose
tissues in each group. F<0.05 as per the Kruskal-Wallis test for
PELI1 and ARGI1. Each graph is normalized to GAPDH.
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Figure 5. WBC, neutrophil, lymphocyte, monocyte, neutrophil
lymphocyte Ratio (NLR), and C-reactive protein (CRP) in blood
test. Serum WBC, neutrophil, lymphocyte, monocyte, and CRP test
was performed to examine inflammation levels in each group. Results
are shown in a box plot graph. P<0.05 as pet the Kruskal-Wallis
test for WBC, neutrophil, lymphocyte, monocyte, and CRP. All error

bars represent maximum and minimum data.
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Figure 6. Visceral and subcutaneous fat areas, and visceral
subcutaneous fat ratio (VSR). Visceral and subcutaneous fat areas
were measured using computed tomography scanning, and visceral
subcutaneous ratio was calculated in each group. <0.05 as per the
Kruskal-Wallis test for visceral and subcutaneous fat area. /=0.1860
(statistically insignificant) for VSR. All error bars represent maximum

and minimum data.
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Figure 7. Correlation between M1 proportion and clinical scores.
ABCD, indivisualized metabolic surgery (IMS), DiaRem, and
Ad-DiaRem score were calculated in obese diabetes experimental
group. Correlation between each clinical score and percentage of M1
macrophages among CDI14+ cells in the experimental group was

analysed. All data are statistically insignificant.
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Fig 8. Correlation between M1 polarization and postop HbAlc 3
months postoperatively in the experimental group. Changes in
HbAlc between preoperative levels at 3 months postoperative, and
correlation between HbAlc reduction volume and percentage of M1
macrophage among CD14+ cells, correlation between HbAlc reduction
volume percent and percentage of M1 macrophage among CD14+
cells, and correlation between HbAlc reduction volume and M1 M2
ratio in the experimental group was analysed using Spearman

correlation.
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ABSTRACT

Ji-Soo Kim
Department of Clinical Medical Sciences
The Graduate School

Seoul National University

Background: In the adipose tissue of obese patients, infiltration of
macrophages is commonly observed, and among them, polarization of
M1 macrophages, which have proinflammatory characteristics, is more
prominent than that of anti—-inflammatory M?2 macrophages. Therefore,
the purpose of this study was to analyze the polarization pattern of
M1 macrophages and inflammation in visceral fat obtained during
bariatric surgery in obese patients with diabetes in comparison to
that of obese patients without diabetes, and to explore the possibility

of M1 polarization as a preoperative predictor.

Methods: The study subjects were the experimental group (obese
type patients with diabetes with a body mass index of 30 kg/m? or
higher), control group 1 (obese type patients without diabetes with a

body mass index of 30 kg/m’ or higher), control group 2 (normal

44



body weight early gastric cancer patients with diabetes), and control
group 3 (normal body weight early gastric cancer patients without
diabetes). Stromal vascular fraction cells were isolated from visceral
adipose tissue obtained during bariatric surgery (in control groups 2
and 3, during gastric cancer surgery), and M1 and M2 polarization
was analyzed using flow cytometry. The number of macrophages and
crown like structures (CLS) was confirmed by immunohistochemistry.
Expression levels of M1 macrophage-related genes (NOS2, PELIl),
and M2 macrophage-related genes (ARG1) were measured. Blood
tests were performed in each group to measure inflammation indices
(white blood cell count, neutrophil count, lymphocyte count, and
C-reactive protein), and visceral fat area and subcutaneous fat area
were measured usingl computed tomography. In the experimental
group, the difference was determined by measuring glycosylated
hemoglobin (HbAlc) levels before and 3 months after surgery, and
the existing predictive clinical scores of surgical results, and the
association of visceral fat with M1 polarization before surgery was

confirmed.

Results: In total, 12 experimental groups, 8 control groups 1, 3
control groups 2, and 11 control groups 3 were enrolled. Flow
cytometry results indicated that macrophages were the highest in the
experimental group (5.77£2.49, P=0.0032). Immunohistochemistry
analysis showed that the number of CLS was the significantly high

in the experimental group (2.71+1.7, P<0.0001). In the experimental
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group, a significant low expression level of the M2 gene (ARG1) was
observed in the gRT-PCR (P=0.0085), and in the blood test, the
leukocyte (9.51+1.82, P=0.0009), neutrophil (603.21£154.52, P=0.0047),
lymphocyte (258.14+69.13, P=0.0020 counts were significantly the
highest in the experimental group in comparing to the other groups.
Computed tomography showed that the visceral fat mass (23.39+7.25,
P<0.0001) was significantly the highest in the experimental group.
There was a positive correlation between M1 polarization and HbAlc

reduction at 3 months postoperatively (R=0.9048, P=0.0020).

Conclusion: In the visceral fat of obese type patients with diabetes,
inflammatory response and M1 macrophage polarization were
significantly higher than those observed in obese type patients
without diabetes. Thus, it was confirmed that M1 polarization and
inflammatory response of adipose tissue owing to obesity were
related to diabetes in obese patients, and the possibility of M1

polarization is suggested as a predictor of the outcome of bariatric

surgery.

Keywords: Obesity, Diabetes, Bariatric surgery, Metabolic surgery,
Macrophage, M1 polarization, Flow cytometry, inflammation, visceral

fat, visceral subcutaneous fat ratio
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