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Abstract

Background: Esophageal cancer was hardly diagnosed in early stage, and more potential biomarkers should be
found. Methods: 252 patients and normal controls which recruited in Renmin Hospital of Wuhan University, were
divided into esophageal carcinoma group (105 cases), disease control group (75 cases) and the control group of
healthy people (72 cases). Moreover, TISIDB and GEPIA databases were used to investigate the different expression
of EC and normal tissues, and explore the roles of C1q in tumor-immune system interactions in EC. Results: The
concentration of serum Clq in EC group is 196.8(180~219.4) mg/L, which is higher than the level of DC
[178.10(153.70~200.85) mg/L]and HC [183.00(167.75~201.00) mg/L] (P<0.05). A higher expression level of Cl1q
was observed in III and IV grades [214(192~237.3) mg/ml] than grades I and II [180.95(172.03~193.85) mg/L]
(P<0.05). Clq was positively correlated with eosinophils, active CD8 T cells, myeloid derived suppressor cells,
natural killer cells, monocytes and macrophages (» = 0.373; » = 0.659; r = 0.846; r = 0.760; » = 0.499; r = 0.757,
P<0.05). Conclusion: The concentrations of Clq increased in EC and related to the severity of EC, which had
potential value of diagnosis of EC. There were correlations in C1q and tumor-infiltrating lymphocytes.
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1.Background

Esophageal cancer (EC) is the seventh most common cancer and the sixth in mortality in the whole world [,
There are two most common histologic subtypes, squamous cell carcinoma (SCC) and adenocarcinoma (AC), with
quite different etiologies. SCC and AC account for up to 90% and 20% of all ECs, respectively. Excess body weight,
gastroesophageal reflux disease and Barrett's esophagus are regarded as the key risk factor. Besides, dietary
components play a role, especially in lower income countries. Overt clinical symptoms, such as dysphagia and
odynophagia, are usually present at a later stage, which makes early diagnosis of EC difficult [?. As a result, mass
screening strategies for EC are highly desirable. Though endoscopy as the gold standard in diagnosing EC, many
patients refuse this way for cancer surveillance [, Comparing with endoscopy, blood biomarkers are easier accepted
by patients, which have lower price and non-invasive inspection method. Squamous cell associated antigen,
carcinoembryonic antigen and carbohydrate antigen 50 are commonly used for the diagnosis of EC, but the
diagnostic efficiency still needs to be improved 1. For these reasons, blood markers are more suitable for mass
screening than endoscopy and new blood biomarkers are urgent to be found.

The complement system which plays key role in innate immunity is regarded to kill tumor cells. Clq, C3-
derived fragments, and C5a which belongs to complement system are recognized as major molecule in control of
tumor growth 7. C1q was first discovered in the early 1960s as the initiation component of the classical complement
pathway which plays important part in autoimmunity 3°1. This molecule is a glycoprotein assembled from 18
polypeptide chains which can be divided into 3 types [!%. Two functional domains of C1q are globular regions and
collagen-like regions, respectively ['1l. As time goes by, more functions of C1q are gradually discovered. A recent
report shows that Clq plays important role in cancer-immunity step as inhibitor of antitumor Thl response and
initiator of anti-tumor immunity ). Tumor cells hijack complement Clq which produced by macrophages to
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promote tumor growth [121, Clq is related to immunodeficiency, an article reports that patients with C1q deficiency
were more likely suffer from Systemic Lupus Erythematosus [!3]. However, there is no research report about C1q in
esophageal cancer. This article will mainly analyze the concentration of C1q in the serum of patients with esophageal
cancer and relationship with inflammatory effects.

2. Materials and Methods

2.2. Bioinformatics Analysis

GEPIA (Gene Expression Profiling Interactive Analysis) (http://www.oncolnc.org/) has always been a valuable
and highly cited resource for gene expression analysis based on tumor and normal samples from TCGA and GTEx
databases. Contains RNA sequencing data based on 9,736 tumor samples and 8,587 normal samples from TCGA
and GTEx databases.

TISIDB (http://cis.hku.hk/TISIDB) is a web portal for tumor and immune system interaction, which integrates
multiple heterogeneous data types. It includes several data of 30 cancer types from TCGA and public databases.
2.3. Research Object Selection

All patients were recruited in the department of oncology and physical examination center, Renmin Hospital
of Wuhan University, Hubei Province, China from July 2020 to July 2021. According to the Clinical Practice
Guidelines of the ESMO '], all 252 patients and normal controls were divided into esophageal carcinoma (EC)
group (105 cases), disease control (DC) group (75 cases) and the control group of healthy people (HC) (72 cases).
We defined reflux esophagitis as disease control group. All esophageal carcinoma patients were confirmed by
esophageal cancer pathological examination, endoscopy and positron emission tomography (PET)-CT. Exclusion
criteria for included cases: (1) Exclude malignant tumors other than Esophageal carcinoma. (2) Exclude diseases
such as severe diabetes, hyperthyroidism, and cardiovascular disease. (3) Exclude pregnant patients. All control
group of healthy people tested for all biochemical tests were normal.

This study has been reviewed and approved by the Medical Ethics Review Committee of Renmin Hospital,
Wuhan University. According to the requirements of the Medical Ethics Review Committee of Renmin Hospital,
Wuhan University, all the included persons agreed and signed the informed consent form.

2.4. Data Collection

All data were collected from the Department of Clinical Laboratory, Renmin Hospital of Wuhan
University. The concentration of all indexes were the first laboratory test results after admission. Serum complement
Clq, Alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine (CRE) and uric acid (UA) were
detected by ADVIA 2400 biochemical analyzer (Siemens, Germany) and related reagents. Immunoturbidimetry was
used for the detection of serum complement Clq, and the Clq reagent was purchased from Shanghai Beijia
biochemical reagent Co., Ltd. The normal reference value of complement Clq level in serum was 197.00 £ 40.00
mg/L. The number of platelets (PLT), neutrophils (NE), monocytes (MO) and lymphocytes (LY) were analyzed by
Sysmex XN-9000 automatic blood cell analyzer (Sysmex, Japan).

2.5. Statistical Analysis

The experimental data was analyzed using SPSS version 20.0 (IBM Corp, NY) and MedCal 15.2.2 (Ostend,
Belgium), GraphPad Prism 6.0 (GraphPad Software, Inc, La Jolla, CA) was used for image rendering. The
measurement data uses the single-sample Kolmogorov-Smirnov method to test whether the data of each group
conforms to normality, the normal distribution data is represented by s, the comparison between multiple groups
is performed by analysis of variance, and the further pairwise comparison is performed by LSD-# test. The skew
distribution data is represented by M (P25~P7s), the comparison between multiple groups uses the Kruskal-Wallis H
test, the Nemenyi test was used for pairwise comparison. P<0.05 indicates that the difference is statistically
significant. Spearman correlation coefficient is used to express the correlation between two sets of data.
3.Result
3.1. Study Population

The clinical data of all subjects are shown in Table 1. The levels of ALT, AST, CRE and UA have no significate
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difference(P>0.05). The gender and ages of each group also have no difference in statistics(P>0.05), while PLT, NE,
LY, MO are higher than DC and HC(P<0.05).
Tablel. Clinical characteristics of the participants.

EC (105cases) DC (75 cases) HC (72cases) P
Gender 0.115
64/41 34/41 40/32
(Male/Female)
Age (years) 63.3 56.6 60.7 0.517
ALT(U/L) 16.00(11.00~21.00) 17.00(12.50~22.50) 18.00(14.75~24.25) 0.057
AST(U/L) 19.00(16.00~24.00) 19.00(17.00~23.00) 21.00(18.00~24.00) 0.205
CRE (umol/L)  63.00(54.00~75.00) 59.00(53.00~72.00) 58.50(51.75~69.25) 0.229

UA (pumol/L) 313.50(263.50~390.25) 313.50(250.25~380.00) 297.50(258.75~347.75) 0.281
PLT (10°/L) 179.00(138.00~228.00) 217.0(179.5~253.5) 214.00(186.00~262.50) <0.05

NE (10°L) 4.41(3.10~6.97) 3.29(2.60~4.27) 3.47(2.92~3.80) <0.05
LY (10°L) 0.88(0.63~1.22) 1.65(1.33~2.08) 1.90(1.61~2.32) <0.05
MO (10%L)  0.49(0.32~0.66) 0.40(0.32~0.50) 0.43(0.34~0.50) <0.05
Clq (mg/L) 196.8(180~219.4) 178.10(153.70~200.85)  183.00(167.75~201.00) <0.05
Grade 1(I. II)

40 N N
(case)
Grade 2(III .
IV) (case) N N

3.2. Elevated Expression of C1q mRNA in EC

We investigated the differential expression of Clq using the GEPIA databases. In GEPIA, C1qg mRNA
expression between tumors and their paired normal tissues across 32 TCGA cancer types were compared. Clq
mRNA showed differences in all 17 types cancers. (Figure 1.A) The difference of C1q mRNA expression in
esophageal cancer tissue and adjacent tissue was statistically significant. (P<0.05) (Figure 1.C) In different stages,
the expression of C1q mRNA was statistically significant. (Pr=0.0132) (Figure 1.B)
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Figure 1. C1q mRNA expression is elevated in EC. (A)The expression of Clq varied among different tissues and tumors across
TCGA cancer types from GEPIA, and the difference was significant in EC. (B)The level of C1q mRNA in different grades is
different statistically. (C)The level of C1q mRNA is higher than in normal tissues from GEPIA; *P<0.05
3.3. Elevated Expression of Serum Clq in ESCA Group
To further validate these results, we test the concentrations of C1q in serum of all patients. As shown in Table
1, the levels of C1q were 196.8(180~219.4) mg/L, 178.10(153.70~200.85) mg/L and 183.00(167.75~201.00) mg/L
in EC group, DC group and HC group respectively. C1q expressed higher in EC patients than disease control group
and HC group(P<0.05) (Figure2.A). We investigated the difference of Clq in several EC samples of different
grades(P<0.05) (Figure2.B). A higher expression level of C1q was observed in III and IV grades [214(192~237.3)
mg/ml] than grades I and II [180.95(172.03~193.85) mg/L] (P<0.05).
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Figure 2. Serum Clq elevated in EC. (A)Serum Clq elevated in EC than DC and HC. (B)Serum Clq elevated in higher grades;
*P<0.05
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3.4. The Regulation of Immune Molecules by Clq

Clq mediates a series of immunoregulatory functions which are regarded as key points in autoimmunity.
Consequently, we explored whether C1q related to immune infiltration using TISIDB databases. We found that Clq
expression was correlated with several kinds of tumor-infiltrating lymphocytes (TILs) in ESCA patients in TISIDB
databases. TILs were shown great correlation with C1q, that included eosinophils (Spearman: r= 0.373, P =2.06e-
07), active CD8 T cells (Spearman: r = 0.659, P<2.2e-16), myeloid derived suppressor cells (MDSC; Spearman: r
= 0.846, P<2.2¢-16], natural killer cells (NK; Spearman: r = 0.76, P<2.2e-16), monocytes (Spearman: r = 0.499,
P<2.2¢-16), and macrophages (Spearman: r = 0.757, P<2.2e-16)(Figure3).

(A) (B)

ESCA (185 samples) ESCA (185 samples) ESCA (185 samples)
., ActCD8

Tem CD8

Tem CD8

) 04
ActCD4
Tem CD4
% 00: 5‘ a0l Tem CD4
§ 2 Tfh
3 x| Tgd
& -0s £ 04, Thi
Thi7
. N Th2 ™
oo 25 so 75 1. ooy g 75w 00 2Z5__s0 78 10,
C1QA_exp CIQA_exp CIQA_exp
Spearman Correlation Test: Spearman Correlation Test: Spearman Correlation Test.
tho = 0373, p = 206e-07 tha = 0.650, p < 2 2e-16 the = 0.846, p < 2.26-16

ESCA (185 samples) CESC (306 samples) CESC (306 samples)
§ = CD56bright |
CD56dim 7|
MDSC

NKT

Act DC

poc u !

Sl o B e fomem |
Macrophage
U G EaaE IRl aEET E m =

" 1 -

Mast

Macrophage_abundance
a
H

Monocyte [N B
Neutrophil

o0 25 50 78 10 25 8o 75 160
T

CigA exp C1ga_exp T W T T ORI O S R A R TR P, 0
Spearman Correlation Test Spearman Correlation Test RO bR AR P Ol s R L R L 3
tho = 0.76, p < 2.26-16 tha = 0,499, p < 2 2e-16 tha = 0.767, p < 2.26-16 S ORI R ST RS

Figure 3. The correlation of C1q and immune cells. (A)The correlation of Clq and eosinophils, active CD8 T cells, myeloid derived
suppressor cells, natural killer cells, monocytes, macrophages. (B) The correlation between PLXNDI1 expression and TILs in pan-
cancer.

3.5. Correlation Analysis of PLT, NE, LY , MO and Clq in EC
As shown in Table 1, the levels of PLT and LY were lowest in EC group than DC group and HC group
respectively. The level of NE was highest in EC groups (Figure 4). There was no correlation between Clq and

anyone of those.
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Figure 4. The level of PLT, NE, LY and MO in EC, DC and HC respectively; *P<0.05
4. Discussion
EC is the sixth most common cause of cancer death worldwide, which cause a huge global health challenge.
Most patients with EC were discovered in advanced stages, and had adverse therapeutic effect. The common
treatments were chemotherapy, chemoradiotherapy and surgical resection [!>1¢), Reflux disease is associated with
an increased risk of esophagitis, esophageal strictures, Barrett esophagus, and esophageal adenocarcinoma, and it
has the similar symptoms to EC [17-18]. Using endoscopy can distinguish EC from reflux disease, though some
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patients refuse this way to check their esophagus['®l.As a result, a blood biomarker which can help to diagnose EC
from reflux disease come to be important.

Our study showed that Clq expressed higher in serum of EC patients which indicate that C1q may have
potential diagnosis of EC. Further, along with the growth of the grades, the concentrations of C1q were much higher
which indicated that C1q may become a warning signal of progression of EC. Besides, PLT and lymphocytes
expressed differently in EC from HC which indicated that inflammatory cells may play key role in EC. Although
Clq has no correlation with inflammatory cells in serum, tumor-infiltrating lymphocytes were correlated with Clgq.
The level of Clq in serum is elevated in patients with atherosclerosis and acute ischemic stroke, and a similar
observation has been documented for glimoas and sepsis [2921:22231 Although it was observed reduced in patients
with multiple myeloma 4. In this study, we showed that for the first time that C1q elevated in EC, and rose with
evaluation of grades. It should be noted that different cancer cells respond to C1q in different ways, and it is a pro-
or anti-tumorigenic factor have not been confirmed yet. Hong et al. reported that C1q active the tumor suppressor
WW-domain containing oxidoreductase (WOX1) to affect growth procession and apoptosis of human prostate cells
(231, C1q can promote adhesion, proliferation and migration of mice melanoma cells which indicated that C1q may
play arole as tumor-promoting factor in cancers, which by complement dependent way or not (%), Yuri et al. reported
that C1q express higher in normal tissue than in Barrett's esophagus specimens and specimens with adenocarcinoma
[27], We speculate that blood circulating C1q may be different from C1q expressed in tissues.

A great blood biomarker of cancer should possess several features, such as high sensitivity and can be tested
in early stage [?82°, However, such a perfect biomarker has not been found. As a result, the combination of different
blood biomarkers come to be important. Nowadays, CEA is widely used in lab to diagnose EC, and its sensitivity
ranged from 8% to 70%, specificity ranged from 57% to 100% 3%, Meanwhile, SCC and Cyfra21-1 also commonly
used for diagnosis. Our findings may be useful in adding a new biomarker to potential circulating blood molecules
for detecting EC. Because we examined only 252 patients, our results may have due to chance. The results must be
confirmed in a larger study. Besides, the molecular mechanism of C1q in EC should be research in further study.

In summary, our study found that the concentrations of serum C1q in patients with EC is higher than patients
with reflux esophagitis and healthy people, and it elevated with growth of grades, which may have potential to
diagnose EC in early stage. Besides, C1q may play a role in inflammatory effects, which should be explored further.
We suggest that scholars can focus on molecular mechanism of Clq in EC.
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