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An Analysis of Protein Expression and Immune Cell Levels in Pa-
tients with Advanced Adenocarcinoma of Esophagogastric Junction

Receiving Postoperative Hyperthermic Intraperitoneal Chemotherapy
YANG Longlong, YIN Qingchen, LI Zhongxin, GONG Wenting, LIU Guokui, WEN Guihai,

NIU Xuemin, ZHANG Xiao
(Handan Central Hospital, Handan 056001, China)

Abstract: [ Objective ] To investigate the immune cell levels and the expression of hexokinase domain- con-
taining protein 1 (HKDC1) and annexin A13 (ANXA13) in cancer tissue of patients with advanced adenocarci-
noma of esophagogastric junction (AEG) treated with adjuvant hyperthermic intraperitoneal chemotherapy
(HIPEC) after surgery, and their relation with the prognosis of patients. [Methods ] Thirty seven patients with
advanced AEG who received postoperative HIPEC in Handan Central Hospital from June 2018 to June 2019
were enrolled. The expression of HKDC1, ANXA13 in cancer tissues and pericancerous tissues was detected
by immunohistochemistry, the levels of peripheral immune cells in patients after HIPEC was examined by
transcriptome sequencing technique. The relationship of HKDC1 and ANXA13 expression with immune cells
level and prognosis of patients was analyzed. [Results] The common differentially expressed genes in the
GSE74553, GSE96668, and GSE147762 datasets include up-regulated genes PGAS5, MTIG, and down-regu-
lated genes HKDC1, ANXA13 and MUCI3. Verified by multiple databases and clinical data, the expression
of HKDCI and ANXAI13 genes in esophageal cancer, gastric cancer, and AEG tissues were significantly
higher than those in normal tissues (all P<0.05). The deadline for follow-up is October 31, 2022, the overall
survival rate of 37 patients was 27.0%, with a median survival time of 31 months. The positive expression rates
of HKDC1 and ANXA13 in AEG tissues were 62.2% and 51.4%, respectively. The overall survival rate in
AEG patients with positive HKDC1 and ANXA13 expression was significantly lower than that in patients with
negative expression (21.7% vs 35.7%, 10.5% vs 44.4%). The median survival time in patients with positive
HKDC1 and ANXA13 was shorter than that in patients with negative expression (30 months vs 38 months, P=
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0.040; 19 months vs 37 months, P=0.001). Compared with HKDCI negative patients, CD8* T cells and NK
cells activated were significantly decreased in the HKDC1 positive patients (P=0.020, 0.010), while macrophages
M2 was increased (0.05+0.04 vs 0.09+0.04, P=0.018). There was a statistically significant difference in NK
cells activated and regulatory T cells (Tregs) between patients with positive ANXA13 expression and negative
expression (P=0.040, P=0.020). [Conclusion] The study indicates that macrophage M2 level is associated
with HKDC1 expression, Tregs levels is associated with ANXA13 expression, and positive expression of
HKDC1 and ANXA13 may be associated with poor prognosis in AEG patients after adjuvant HIPEC therapy.

Subject words: adenocarcinoma of esophagogastric junction; hyperthermic intraperitoneal chemotherapy;

hexokinase domain-containing protein 1; annexin A13; immune cells

B B4 5 (adenocarcinoma of esopha-
gogastric junction, AEG ) 42 H [El UL % 14 18 g 2
— AR H A AR E T F ORI A TR
AT 72 AEG RIAREIR Y 7 ik SRR J5 B &
FEEZ LT 24N, 5 FEAFRZINT 40%°, R
JRITR A K SIS N A BIORIIE I I WA L2 45 5 % R 7 2R
WCH) 2 EE A b BRI T B 409%0~50% T IES
PR AT A8OR 22 T RE 5 i — R B B A A
A K, FBUE R SR ALY T IR, e b AR
HEFALIT  (hyperthermic intraperitoneal chemotherapy ,
HIPEC) A ifiL— 1 JI5 5 e i 4 4= B 52 i /0, 93 4h
HIPEC 3 i P [ 8800 38 m 4 e 2 1k Ak g7 BOCR 0, R
EA UL R U] HIPEC A BEAVE 15 1 18 i 988 14 s
IRIT [ HG R N AR 52 22 0 SR S N HL
Wy R HIPEC A] 43— B 3 5 i 4 Bh 77 125, i
PRIK 5 R W1, B HIPEC Wl /b I8 IR A2 %, ko 3%
S0 USSR T ML AR 58 42 BT,

HIPEC ] A 2825 K b Je 20 g Ko i #4405 2R
P K TR SRS AR, A0 41 6 5 40 L 1 25 ek 6 4 L
FETH A3 B MLAE ) 20 AR RN AR A A 1 RE i A T, BE T
I JiE 3 X 21 13 (the cancer genome atlas, TCGA) [
IEYE ,AEG HA R R | w Al | Sy Jeib: 25 4y
fit o HIPEC ASAE MR Gl 0 858 o ™ A= B e st i HL
3 PD-1 K PD-L1 33K 2E%2 SR 100 HIPEC i Bhif
JPXS AEG S 20 i S H o 1 K R AT AN TS 4
AT WS ARG 85 A5 )7 5 B HIPEC
FA) 58 200 D . 0 W K 245 A4 3k 3 1 1 (hexokinase do-
main-containing protein 1,HKDC1), B3 1 A13
(annexin A13,ANXA13) 7K F, K HKDCI,
ANXA13 RiEXF AEG 195 Wi K HOSZERL T
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1.1 HEEEH

NT ARG B AR ARk @i GEO
Y % (https ://www.ncbi.nlm.nih.gov/) 43 5 T 3%
GSE74553 (IE % & & =8, IE % B Fi =5, AEG=
67) .GSE96668 (1F 1 #i =7, AEG=34) ¥4z &
mRNA E 4 Kzl R A HE 10, B 76> £ 8 4R 19 mRNA
#0538 & Sangerbox 3.0 (http://vip.sangerbox.com/
home.html) £ 25 B it WCRKONE |, 4 G il — A~ B 4 %
HEAT 22 S B DR AR A B 0 e g XS 42 20 A, Bk
12 N, otk 8 N4y 53~85 &, - 241 i (68.80+
9.41)% . AEG B3 101 ], 554 79 ], Lok 22 fi];
fEIE 25~88 & F AR Y (70.66+11.08) % ;TNM 73
WI(AJCC 55 7 W) . T #9018 i, 10 #5924 4], L% 48
B, IV 11 6], R T it HIPEC X 3% PR AR £k ) 52 )
A WE5E I i GEO % 45 J% M GEO2R *F &5 (https:/
www.ncbi.nlm.nih.gov/geo/geo2r) ' # F i %
GSE147762 %545 52 v 6 W b J2 98 () JE ISR 2 e
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RIT B M 22 5 A (Hub 22 H) . K GSE74553 1
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2021—2023) J&—1% GEO GTex TCGA .TARGET
B 0 RO B ARG AL 8T 40 442 B IE R AR
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PR @ M AW R (SE134,1:200, Abcam, Cam-
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SR JH R AL B0 (Y 5 880) 8 A, P L AR L Mann
Whitney U #5565 ; THECF0ORER FH A 20 80 8 R R
J5 K 36 53 B 28 1B) 22 5 5 R RSl B ARG 56 DF-AG
o 5 20 O A 2 AR R 22 5 SR AR I T AL 5 R
R #4412 inSilicoMerging (version 3.3.2) % GSE74553
Hl GSE96668 % ¥ 4k it 17 & JF , & /| Empirical
Bayes 547 £ BRALUEON  FI T R B4 o 4655 R 4L
WAL AR E AEG FIIE & R 25 7, &
KW PAE B A3 R Y 38 PR R Kk R (false
discovery rate,FDR) , >k euclidean i 25 15 J5 %
complete I T, LRSI EI AT A4k 5 5 ) R i
{2 Survival #9 Survfit PR % 53 T HKDC1 ,ANXA13
P B Mk B 0 U 22 5%, AL Log-rank 46 56
T VAR B I XU, ZH A A (8] 1) 1 22 5% . P<0.05
hEFAGFE L,

2 #F R

2.1 AEG Z HIPEC HEEF = RER S

X} GSE74553 Fl GSE96668 %1 4 4 17 & BR b ¥k
RN, 25 BRI U T A B0 B AR A o0 A 22 S 0K
PR T ALK, RHEK SN 5 A EE 4 1Y
ﬁ%&%%ﬁ%ﬂ:gﬁiﬂ?giure 1A) 2381 AEG & FE
WA HAIEE I mRNA Bk 16 P<0.05 25 4%
15 fE L e b R e 52 A2 F R, R
25 4, f4% CCL20,MMP12 MMP3 ,CXCL8 ,CFTR,
MUC13 ,HOXBS5 ,CLDN3 . HKDC1,ANXA13 %, F 4
27 4, 4% KLK11 ,ATP4B,PGA4 MTIG ,ACTG2,
PGAS5 . ADH7 ,TFF2 .GPT2 %5 3 i3 43 Hr b B 9o 1)
FEEARR 1 5 W R 4T HIPEC %l BhvA Y7 i JE R AR £k 45 1
R HIPEC JRY7 4L 147 AR B3 F, 40 MMP9,
VPS37C .S100A16 MYO10,TUFT1 . MUC13 .HKDCI ,
CDHI1,TSPANS .CAPS % ,939 /i~ %E 4 B 2 F i , &0
MYHI0.TXLNGY .EIF1AY ,KDM5D ,RPS4Y2 . REMI
KLHLA4 CHSY1,CLIP3 ILIR1 % (Figure 1B),

22 ERERAERER. BEALMEEALEN
Eb 8 43 #

18 3 7 GSE74553 1 GSE96668 2% Bt ik 5
A8 GSE147762 i 4R 1Y 22 S He DA o P 3 22
SRR AT A IR 5 AN SRR IR, 2l
HKDC1.PGA5 MUC13.MT1G . ANXA13 (Figure 2A),
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5 IF % 414U M e HKDCT [192 (7,1173) vs 6
(3,11),7=233.20] ANXA13[19(4,170) vs 3(1,6),
Z=12740 BERE BB A4 B 2745 1 MT1G %
IR IH & R R4 [152(49,431) vs 299(131,917),7=67.84 ]
(P #J<0.05) (Figure 2B), PGAS5[1(0,9.5) vs 5 246
(72,12251),7=4 39600] MT1G[286(92,902.5) vs 1710
(413,4569),7=47140] HKDCI [655 (257,11985) vs
10(4,30),7=6 321.00] MUC13[7 630(3 057,14 145) vs
137(14,544) ,7=5 43900 | Fl ANXA13[208(41,602.5) vs
10(4,26),7=2 542.00 & N 7E B B Jim 2 SURNE & 21 21
] 22 S B EA Geih2E 3 L (P #4<0.05) (Figure 2C),
2.3 HKDC1.ANXA13 EHB AEG 5EFALAHH
RIEER

37 #l AEJ #5A<  JHKDC1 ANXA13 % 14 £ 43
AT T 240 BN 40 L 5, S AR (4, HKDC 7E AEG i
T % A 2L BH P 2R 38 24 00 O 62.2% (23/37) Al
32.4%(12/37) , 22 55 A Ge it 2 XL (¥=6.560,P=0.010)
(Figure 3A), ANXA13 & H1E AEG FlE 554U FH
PEF IR RN 51.4%(19/37) 27.0%(10/37), %5
HEeit2#E L (=4.593, P=0.032) (Figure 3B).,

24 HKDCI1.ANXA13 EAFRIX 5 AE] I KHE
L Nd 0P Y S =:00- A0

A 2022 4F 10 A 31 H 35 HBE 10 #1715
F N 27.0% , H i 0S Ky 31(27.29~36.70)4H ,1.2.,
3 4FE K 40 S H BR300 R 81.1% .59.5% \35.1%
1 27.0% ., HKDC1 B 5 B PEZH AR B, TNM 433 ik
iR ZESA S E X (P=0.031,P<0.001);
ANXA13 PHPES G4 He 3, {0 TNM 43 B 22 53 A 40
T2 L (P=0.024) (Table 1),

HKDC1 1 ANXA13 FH P25 8 #1940 1 H
RAEAE R 5y 5 21.7% 1 10.5% , T HKDC1 1
ANXA13 BAM: 235 B #1040 S F SRR 518
35. 7% 44.4% ;HKDC1 FHPE R A th 47 OS B
TRATEFEH (30 A vs 38 1 H ,x=4.344, P=0.040,
HR=2.69,95%C1:1.03~7.04), ANXA13 P F1 B 1
FIRHF AL 0S HBIR 19 AR 3T AH  ERE50T
2 L (¢=10.402,P=0.001,HR =4.21,95% CI ;
1.68~10.56) (Figure 4)

25 AEG BT EREHARMREBARES
HKDC1,ANXA13 RiEHE &
WMEE AEG A J5 i B k7 165 HIPEC JR97 &
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Figure 1 Analysis of differential genes in adjuvant therapy of AEG
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Notes: A : Venn diagram of HKDC1,PGA5,MUC13,MT1G,ANXA13 genes intersection ;B :differential analysis of HKDCI,PGA5,MUCI13,
MTI1G,ANXA13 genes between esophageal carcinoma and normal tissues; C:differential analysis of HKDCI,PGA5,MUC13,MT1G,ANXA13
genes between gastric adenocarcinoma and normal tissues

Figure 2 Screening and differential analysis of HKDC1,PGA5,MUC13,MT1G,ANXA13 genes between
esophageal carcinoma tissues and normal tissues
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HKDC1 expression in tumor tissues
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Notes: A : comparison of HKDCI1 protein expression between AEG and tumor-adjacent tissues ;B :comparison of ANXA13 protein between
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Figure 3 Comparison of HKDC1,ANXA13 protein expression between AEG and tumor-adjacent tissues
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Table 1 Relationship of HKDC1 and ANXA13 protein expressions with clinical characteristics in AEG patients

HKDC1 ANXA13
Index Positive Negative 2 Positive Negative 2
(n=23) (n=14) tix F (n=19) (n=18) tix P
Age(years old) 58.96+£9.40  53.29+12.44 1.076  0.125 59.53+11.34 53.94+9.81 1.598 0.119
Gender
Female 10(43.5%) 3(21.4%) 8(42.1%) 5(27.8%)
1.857  0.173 0.833 0.362
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No 0 7(50.0%) 14183 <0.001 5(26.3%) 2(11.1%) 1393 0,405
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Perineural invasion
N 9(39.1% 6(42.9% 6(31.6% 9(50.0%
¢ (39.1%) (429%) (050 0.823 (31.6%) (S0.0%) 1 301 0.254
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Figure 4 Effect of HKDC1 and ANXA13 expressions on prognosis of AEG patients
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adjuvant chemotherapy combined with HIPEC after AEG surgery
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