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Abstract
Background Increasing evidences suggest that anaphylotoxin-induced signaling is involved in tumor
pathogenesis, but the exact role of C3a/C3aR signaling in clear cell renal cell carcinoma (ccRCC) still
remains to be investigated. The aim of the study was to investigate the pathological significance of
C3a/C3aR signaling in ccRCC.
Methods The expression of C3aR and C3 mRNA in the tumor tissues of ccRCC patients were analyzed by
using the data from TCGA database. The expression of C3aR and C3c protein in the tumor tissues of
another 129 ccRCC patients were examined by immunohistochemistry.
Results Compared with the normal controls, both C3aR and C3 mRNA increased in the tumor tissues.
Patients with higher C3 mRNA had shorter survival time. Immunostaining for C3aR and C3c also
increased in the tumor tissues when compared with the adjacent normal renal tissues. Higher level of
C3aR in the tumor cells and C3c in the tumor tissues were found to be associated with indices reflecting
poor prognosis including higher tumor grade, the presence of necrosis in tumor tissues and shorter
survival time. Besides, the level of C3aR in the tumor cells and C3c in the tumor tissues were found to
correlate with the level of Vimentin, E-Cadherin and the ratio of Ki-67 positive tumor cells.
Conclusions These results support the idea that C3aR signaling is over-activated in the tumor cells and
may contribute to the progression of ccRCC. Inducing EMT and promoting the proliferation of tumor cells
might be among the mechanisms underlying the role of C3aR signaling in ccRCC.

Background
Renal cell carcinoma (RCC) is one of the most common malignant tumors in the urinary system. It is
among the top ten most commonly diagnosed cancers worldwide [1]. Clear cell renal cell carcinoma
(ccRCC) is the major histological subtype of RCC, comprising more than 70% of all RCC cases [2]. ccRCC
is commonly resistant to conventional chemotherapy and radiotherapy. Early surgical resection is the
preferred therapy. However, up to 40% of ccRCC patients with localized disease will eventually suffer a
relapse or develop metastatic disease even after nephrectomy [3–4]. In the last two decades, some
adjuvant therapies including immunotherapy and target therapy have been introduced to treat patients
with metastatic ccRCC. However, these therapies either have limited effect and severe side role or develop
resistance quickly. Clinically, improvement in the effect of ccRCC treatment is limited. Therefore, there is
an urgent need to found new prognosis marker and therapeutic target for the disease.
The complement system is an effector arm of innate immunity, which is evolved as a safeguard against
non-self elements and consists of more than 30 soluble and membrane-bound plasma proteins. It can be
activated mainly through three pathways: the classical, the alternative and the lectin pathways. All the
three pathways converge into the generation of C3 convertase, which splits complement component C3
into C3a and C3b. C3b binding to C3 convertase assembles the C5 convertase that cleaves C5 into C5a
and C5b. In combination with C6, C7, C8 and C9, C5b assembles the membrane attack complex C5b-9,
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which mediates targeted cell lysis. Traditionally, complement activation is believed to be advantageous in
tumor control. However, this longstanding dogma is challenged now. Increasing evidences from recent
years suggest that complement enhances rather than inhibits tumor growth and metastasis and thus
promote tumor progression [5–6]. It has been reported that the role of complement in promoting tumor
progression is mediated mainly by anaphylotoxins, the bioactive complement activation products C3a
and C5a. Of note, most of the previous studies are based on in vitro or animal experiments. The exact
clinical significance and underlying mechanism still remain to be elucidated in specific diseases. Besides,
most of the previous reports have been focused on the role of C5a/C5aR, studies about the role of
C3a/C3aR in tumors is still limited.
The expression of C5a and its receptor C5aR1 in the tumor tissue of patients with ccRCC has been
reported by several studies [7–9]. However, to our knowledge, no study has reported the clinical
significance of C3a/C3aR signaling in patients with ccRCC. Here, we investigated the expression of C3aR
and the production of its ligand in the tumor tissue of ccRCC patients and associated them with various
clinicopathological indices.

Methods And Materials
Patients
Two cohorts of patients were included. The cohort of TCGA patients included 530 ccRCC patients with
RNA-seq data available in TCGA database (TCGA-KIRC). All the normalised mRNA expression data and
clinical data were obtained from the TCGA website (https://www.cancer.gov/aboutnci/organization/ccg/research/structural-genomics/tcga). mRNA expression data of 72 normal controls
were also obtained from the database. This cohort included 344 male and 186 female patients with a
median age of 61 years (ranging from 26 to 90 years).
The other cohort of patients included 129 patients, who were hospitalized at Department of Urology,
Taizhou hospital, Wenzhou medical university from 2004 to 2013. All the patients were histologically
confirmed ccRCC after partial or radical nephrectomy with no other malignancy history and no history of
anticancer therapy. Patients with mixed histological type and died in a month after surgery were
excluded. The patient cohort included 88 males and 41 females with a median age of 58 years (ranging
from 24 to 78 years). Among them, 20 patients have lost follow-up. The clinical and pathological data
were collected from medical records and follow-up records. The time interval between surgery and the
date of death or the last visit was calculated and defined as overall survival (OS). The interval between
primary surgery and death from ccRCC or the last follow-up visit was defined as disease-speciﬁc survival
(DSS). For the analysis of disease-speciﬁc mortality, deaths as a result of other causes were censored.
Informed consent has been obtained from all the participants. All research work with human participants
was in accordance with the ethical standards of the responsible committee on human experimentation
and with the Declaration of Helsinki. The Taizhou Hospital Ethics Committee approved the present study
(No. K20191201).
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Immunohistochemical staining and analysis
Immunohistochemical staining was performed on formalin-fixed Paraffin sections. Briefly, the sections
were deparaffinised in xylene, rehydrated with graded ethanols, autoclaved for antigen repair and treated
with 3% hydrogen peroxide solution to inactivate the endogenous peroxidase. After blocking for 30 min in
10% fetal calf serum and rinsed in PBS, the sections were incubated overnight at 4°C with different first
antibodies, such as rabbit anti-human C3aR antibody (Catalogue number LS-C382362, LifeSpan, WA,
USA, 1:200), rabbit antihuman C3c antibody (Catalogue number LS-B7932, LifeSpan, WA, USA, 1:200),
rabbit anti-human E-Cadherin antibody (Catalogue number 20874-I-AP, Proteintech, Wuhan, China, 1:400),
mouse anti-human Vimentin antibody (Catalogue number YM6529, Immunoway, TX, USA,1:500) and
mouse anti-human Ki-67 antibody (Catalogue number YM6189, Immunoway, TX, USA,1:300). Then, the
sections were washed for three times, incubated with the second antibody for 30 min, washed again and
developed with diaminobenzidine. Finally, each section was counterstained with haematoxylin. Normal
homologous serum was used to replace the first antibody as a negative control.
According to the immunostaining intensity, the level of C3aR, C3c, E-Cadherin and Vimentin in each
section was scored: 1, weak; 2, intermediate, 3, strong. In survival analysis, the level of C3aR and C3c was
divided into lower and higher group according to the immunostaining intensity of C3aR in the tumor cells
and C3c in the tumor tissues，respectively. To estimated Ki-67 positive tumor cell ratio, fifteen nonoverlapped high-power fields in each section were randomly selected and photographed. Then, the
number of Ki-67 positive nucleus and total nucleus in each photograph were counted and the ratio of Ki67 positive nucleus to the total nucleus was calculated. The average ratio of the fifteen pictures was
obtained and used as Ki-67 positive tumor cell ratio for the section.
Statistical analysis
The data were analyzed with the SPSS software, version 17.0. Mann-Whitney U test was used to compare
the difference between two groups while Kruskal–Wallis test was used to compare difference among
three groups. The Spearman correlation analysis was used to explore the correlation of C3aR and C3c
level (represented by score) with the clinicopathological indices and the level of other molecules. The
Kaplan–Meier method and log-rank test were used for survival analysis. The Cox proportional hazards
model was used to determine which variables influenced survival. The variables that significantly
impacted survival in univariate analyses were included in multivariate analyses. All statistical tests were
two tailed, and P values <0.05 were considered significant.

Results
C3aR and C3 mRNA expression in the TCGA cohort and their association with overall survival
A total of 611 files of normalized mRNA expression data were obtained. These include 539 files of ccRCC
patients and 72 files of normal controls. After integration of the mRNA expression data from the same
patients (four patients were found to have three files each and one patient was found to have 2 flies), a
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total of 530 mRNA expression data corresponding to 530 ccRCC patients were obtained. Compared with
the normal controls, the expression level of C3aR and C3 mRNA increased significantly in the tumor
tissues of ccRCC patients (Figure 1A-B).
To analyze the association of C3aR and C3 mRNA level with overall survival, patients were divided into
lower C3aR mRNA and higher C3aR mRNA, lower C3 mRNA and higher C3 mRNA group according to the
median level of C3aR and C3 mRNA level, respectively. As shown in Figure 1C-D, patients with higher C3
mRNA level were found to have shorter overall survival while no significant difference in overall survival
was observed between patients of lower C3aR mRNA and higher C3aR mRNA.
Results of immunohistochemistry for C3aR and C3c in the tumor tissue of ccRCC patients
Positive immunostaining for C3aR was observed in all the tumor tissue samples. As shown in Figure 2,
immunostaining for C3aR could be observed in both infiltrating cells and cancer cells. C3aR was found to
be distributed in the plasma membrane, cytoplasm and nucleus in the tumor cells. Compared with the
normal renal tubular epithelial cells, the cells from which the tumor cells were believed to derive, the
expression level of C3aR in the tumor cells of ccRCC patients increased significantly (Figure 2).
C3aR can only exert its roles when it is activated. To determine whether C3aR in ccRCC cells could be
activated, it is necessary to examine whether the ligand for C3aR, C3a, could be produced in the tumor
tissues. As no proper antibody against C3a could be found, we examined the presence of C3c, a product
of C3 activation in the tumor tissue of ccRCC patients. As shown in Figure 3, C3c was found extensively
expressed in the tumor tissue of ccRCC patients. And compared with the normal renal tissues, the
expression level of C3c in ccRCC tumor tissues increased markedly.
Association of C3aR and C3c protein level with clinicopathological parameters
The level of C3aR in the tumor cells and C3c in the tumor tissue of each patient were scored and their
associations with the baseline clinical and pathological characteristics were examined. As shown in
Table1, no significant difference in C3aR expression was observed among patients of different ages and
genders. Also, the expression level of C3aR in ccRCC tumor cells was not significantly influenced by
tumor stage, tumor size and the presence of diabetes mellitus and hypertension. However, higher tumor
cell C3aR level was observed in patients with higher Fuhrman grade and patients with necrosis within the
tumor (Table 1). Results of bivariate correlation analysis also showed a significant correlation between
the level of C3aR in the tumor cells and tumor grade (r=0.454, p<0.01) and the presence of necrosis in the
tumor (r=0.298, p<0.001).
The level of C3c in the tumor tissues was also found to be associated with tumor grade and the presence
of necrosis in the tumor tissue.
Results of survival analysis based on C3aR level in the tumor cells and C3c level in the tumor tissue of
ccRCC patients
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Patients were divided into lower C3aR group and higher C3aR group according to the immunostaining
intensity for C3aR in the tumor cells, and lower C3c group and higher C3c group according to the
immunostaining intensity for C3c in the tumor tissues. As shown in Figure 4, patients with higher C3aR
level in the tumor cells or C3c in tumor tissues were found to have a shorter OS and DSS when compared
with patients with lower C3aR or lower C3c. Analysis based on Cox regression revealed that higher C3c
level in the tumor tissue is an independent risk factor along with tumor stage and tumor grade for both
OS and DSS of ccRCC patients. However, the significance of the association of C3aR level with both OS
and DSS disappeared in the multivariable Cox analysis (Table 2 and Table 3).
Association of C3aR and C3c expression with E-Cadherin, Vimentin and Ki-67 in tumor tissues
The upregulation of C3aR in tumor cells and increased activation of C3 (as reflected by increased C3c) in
tumor tissues indicate that C3aR signaling is over-activated in the tumor cells of ccRCC patients.
Previously, activation of C3aR was reported to be able to induce epithelial-to-mesenchymal transition
(EMT) in tubular epithelial cells [10], the cells from which ccRCC was believed to derive. Besides,
activation of C3aR has been reported to promote proliferation of glomerular mesangial cells [11] and
cutaneous squamous cell carcinoma cells [12]. To determine whether C3aR signaling also contributes to
EMT and proliferation in ccRCC cells, we further examined the expression of the molecular markers for
EMT (E-Cadherin and Vimentin) and cell proliferation (Ki-67) in the tumor specimens from ccRCC patients
and associate them with the level of C3aR and C3c. As shown in Figure 5, all the three molecules are
expressed by tumor tissues with immunostaining for Ki-67 was only observed in the nucleus. Results of
spearman coefficient analysis revealed that the expression level of C3aR and C3c correlated positively
with the level of Vimentin (r=0.434, p<0.01; r=0.374, p<0.01; respectively) and the ratio of Ki-67 positive
tumor cells (r=0.428, p<0.01; r=0.252, p<0.01; respectively) and negatively with the level of E-Cadherin
(r=-0.287, p<0.01; r=-0.179, p=0.042; respectively).

Discussion
In the present study, we explored the clinical and pathological significance of C3aR signaling in ccRCC by
examining the expression of C3aR and the production of its ligand in the tumor tissue of ccRCC patients
and their association with the disease. C3aR was found increasingly expressed in both mRNA and protein
level in the tumor tissue of ccRCC patients. It was found to be distributed mainly in the tumor cells. In the
meanwhile, the expression of C3 mRNA and the immunostaining for C3c, a product of C3 activation, were
also found to increase, indicating increased production of C3a, the ligand for C3aR, in the tumor tissues.
These results suggest the presence of over-activation of C3aR signaling in the tumor cells of ccRCC
patients and its involvement in the pathogenesis of ccRCC. In accordance with this, higher C3aR level in
the tumor cells and C3c level in the tumor tissues were found to be associated with higher tumor grade
and the presence of tumor necrosis, two indices that were thought to be associated with worse prognosis
in ccRCC patients [13–14]. Indeed, patients with higher C3aR or C3c level were found to have shorter OS
and DSS. And higher C3c level in the tumor tissues was found to be an independent risk factor for worse
prognosis. Together, these results strongly suggested that C3aR signaling have important role in the
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regulation of ccRCC progression and higher C3aR in tumor cells and C3c in the tumor tissues might be
used as markers of worse prognosis of ccRCC.
As a member of G protein coupled receptor, C3aR was initially found to be expressed by some immune
cells and to play important role in the regulation of inflammation by recruiting and activating
inflammatory cells [15]. However, increasing evidence from the last two decades has demonstrated that
C3aR is also expressed by many non-immune cells and participates in various physiological and
pathological processes. For examples, C3aR signaling was reported to participate in the regulation of eye
morphogenesis [16], neural development [17–18], embryonic chick retina [19] and cardiac resident cell
[20] regeneration, astroglial cell differentiation [21] and survival [22], diet-induced obesity and metabolic
dysfunction [23], and tau hyperphosphorylation in Alzheimer's Disease [24]. Also, C3aR signaling was
found to be involved in the induction of inflammatory cytokines [25], proliferation of mesangial [11] and
carcinoma cells [12] and EMT of tubular epithelial cells [10]. Recently, C3aR signaling was believed to be
an important factor in maintaining cellular homeostasis [26–27].
In the field of oncology, signaling through C3aR has been suggested to promote tumor progression.
However, variable results about the role of C3aR signaling in tumor cells have been reported in previous
studies. In 2014, Cho et al first reported that tumor cell derived anaphylotoxins (C3a and C5a) promoted
proliferation, migration and invasiveness of ovarian, uterine and lung cancer cells [28]. Later, Maurer et al
reported that activation of C3aR could stimulate proliferation of medulloblastoma cells [29]. In addition,
Fan et al reported that activation of C3aR promoted proliferation, migration and stemness in cutaneous
squamous carcinoma [12]. However, in other studies [30–31], C3aR signaling was reported to contribute
to tumor progression through regulating the recruitment and the function of immune cells rather than
influencing tumor cells themselves directly. The discrepancy about the role of C3aR signaling observed in
different tumor models might be explained by the heterogeneity of tumor cells, for an example, the
different expression level of C3 in different tumor cells [31]. However, it indeed has reflected the
complexity of C3aR function in tumor pathogenesis and underlined the importance of understanding the
exact role of C3aR signaling in a specific context. For the first time, we investigated the clinical and
pathological significance of C3aR signaling in ccRCC. The finding of the association of tumor cell C3aR
and tumor tissue C3c expression with the progression of ccRCC has stressed a direct role of C3aR
signaling in tumor cells, through which over-activation of C3aR may contribute to the progression of
ccRCC.
According to the functions of C3aR signaling revealed in previous studies, especially the roles of C3aR
signaling in the regulation of EMT and cell proliferation, we supposed that C3aR signaling might also
have a role in inducing ccRCC tumor cell’s EMT and proliferation. To test this supposition, in the present
study, we examine the association of C3aR and C3c with the expression level of E-Cadherin (an
extensively accepted molecular marker for epithelial cells), Vimentin (a molecular marker for
mesenchymal cells) and Ki-67 (a molecular marker for proliferating cells) in tumor cells. In accordance
with our supposition, the expression level of C3aR and C3c was found to correlate positively with the level
of Vimentin and negatively with the level of E-Cadherin, supporting the involvement of C3aR signaling in
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ccRCC tumor cell’s EMT. Also, tumor cell C3aR and C3c level was found to correlate positively with the
ratio of Ki-67 positive tumor cells. Thus, we believe that probably through inducing proliferation and EMT
in tumor cells, C3aR signaling contributes to the progression of ccRCC.
Limitations are present in the present study. First, in the analyzing of C3aR and C3 mRNA expression, we
only analyzed the data from TCGA database. No further proving work, such as quantitative RT-PCR, was
done. Secondly, in the analyzing of C3aR and C3c protein expression, only patients from our hospital
were included and the patient population involved is somehow small. Given the high heterogeneity of
ccRCC, bias due to both a single center study and a small population may be inevitable.

Conclusions
In summary, for the first time, the present study examined the pathological significance of C3aR signaling
in the tumor cells of ccRCC patients. Our results indicated that C3aR signaling is over-activated in ccRCC
tumor cells and might contribute to the progression of the disease. Promoting the proliferation and
inducing EMT of the tumor cells might be two mechanisms underlying the role of C3aR signaling in
ccRCC. High level of C3aR in tumor cells and C3c in tumor tissues might be used as markers for the
worse prognosis of the disease and C3aR signaling pathway might be a useful target for treatment.
However, further studies are still needed to confirm our hypothesis.
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Tables
Table 1 Association of C3aR and C3c level with clinicopathological parameters
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Variable

C3aR level in tumor cells (score)
1
2
3

p

C3c level in tumor tissue (score)
1
2
3

p

Age (years)

≤58(median)
>58 (median)
Gender
Male
Female
Tumor size
≤4 cm
>4 cm
Stage
Ⅰ～Ⅱ
Ⅲ～Ⅳ
Fuhrman grade
1～2
3～4
Location
Left
Right
Hypertension
Yes
No
Diabetes
Yes
No
Necrosis
Yes
No

20
8

27
32

22
20

0.218

6
10

38
32

25
18

0.239

15
13

41
18

32
10

0.058

9
7

48
22

31
12

0.319

13
15

33
26

20
22

0.929

7
9

35
35

24
19

0.388

27
1

47
12

33
9

0.083

12
4

57
13

38
5

0.192

25
3

41
18

16
26

0.0000066

16
0

42
28

24
19

0.016

11
17

30
29

18
24

0.929

10
6

31
39

18
25

0.269

9
19

21
38

10
32

0.360

4
12

27
43

9
34

0.247

4
24

5
54

2
40

0.172

2
14

7
63

2
41

0.252

1
27

10
49

15
27

0.001

1
15

9
61

16
27

0.001

Table 2 Univariable and multivariable Cox regression analysis for overall survival
Univariate analysis
Multivariate analysis
Variables
Age
≤58 vs >58(years)
Stage

HR (95.0% CI)
2.65(1.09-6.45)

p value
0.032

HR (95.0% CI)
2.50(1.02-6.12)

p value
0.045

3.42(1.43-8.15)

0.006

3.34(1.34-8.35)

0.010

1.24(0.49-3.16)

0.646

1.48 (0.65-3.37)

0.354

3.87 (1.63-9.19)

0.002

2.76 (1.14-6.68)

0.025

3.00 (1.27-7.11)

0.013

1.40 (0.54-3.64)

0.487

2.55(1.05-6.22)

0.039

3.09(1.23-7.76)

0.016

Ⅰ～Ⅱ vs Ⅲ～Ⅳ

Gender
Male vs female

Tumor size
≤4 vs >4 (cm)

Fuhrman Grade
1～2 vs 3～4

C3aR level
Higher vs lower

C3c level
Higher vs lower

HR, hazard ratio; CI, conﬁdence interval.
Table 3 Univariable and multivariable Cox regression analysis for Disease specific survival
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Univariate analysis
Variables
Age
≤58vs >58(years)
Stage

Multivariate analysis

HR (95.0% CI)
2.16(0.86-4.43)

p value
0.101

HR (95.0% CI)

p value

4.38(1.76-10.89)

0.002

4.69(1.73-12.73)

0.002

1.02(0.39-2.65)

0.976

1.39 (0.58-3.37)

0.461

4.90 (1.87-12.85)

0.001

3.36 (1.25-9.05)

0.017

2.44 (0.99-6.00)

0.052

2.65(1.01-6.91)

0.047

3.60(1.29-10.06)

0.015

Ⅰ～Ⅱ vs Ⅲ～Ⅳ

Gender
Male vs female

Tumor size
≤4 vs >4 (cm)

Fuhrman Grade
1～2 vs 3～4

C3aR level
Higher vs lower

C3c level
Higher vs lower

HR, hazard ratio; CI, conﬁdence interval.
Table 3 Univariable and multivariable Cox regression analysis for Disease specific survival
Univariate analysis
Multivariate analysis
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Age
≤58vs >58(years)
Stage

HR (95.0% CI)
2.16(0.86-4.43)

p value
0.101

HR (95.0% CI)

p value

4.38(1.76-10.89)

0.002

4.69(1.73-12.73)

0.002

1.02(0.39-2.65)

0.976

1.39 (0.58-3.37)

0.461

4.90 (1.87-12.85)

0.001

3.36 (1.25-9.05)

0.017

2.44 (0.99-6.00)

0.052

2.65(1.01-6.91)

0.047

3.60(1.29-10.06)

0.015

Ⅰ～Ⅱ vs Ⅲ～Ⅳ

Gender
Male vs female

Tumor size
≤4 vs >4 (cm)

Fuhrman Grade
1～2 vs 3～4

C3aR level
Higher vs lower

C3c level
Higher vs lower

HR, hazard ratio; CI, conﬁdence interval.
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Figure 1
Expression of C3aR and C3 mRNA in the tumor tissues of ccRCC patients and their association with
overall survival. The expression data of C3aR and C3 mRNA and the clinical data were obtained from
TCGA. A total of 530 patients of ccRCC and 72 normal controls were included. In the analysis of overall
survival, Kaplan–Meier method was used and 23 patients which died within a month after operation were
excluded.
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Figure 2
Expression of C3aR in tumor tissues from ccRCC patients. Immunohistochemical staining was performed
on formalin-fixed Paraffin sections. A total of 129 ccRCC patients were enrolled and 17 normal renal
tissue samples were used as controls. A: A representative picture of normal renal tissue; B: A
representative picture of tumor tissues showing weak C3aR expression in tumor cells (tumor cell C3aR
level was scored as 1); C: A representative picture of tumor tissues showing intermediate C3aR
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expression in tumor cells (tumor cell C3aR level was scored as 2); D: A representative picture of tumor
tissues showing strong C3aR expression in tumor cells (tumor cell C3aR level was scored as 3). A1, B1,
C1 and D1 are the local magnification of A, B, C and D respectively. E: Negative control of
immunohistochemistry; F: Results of semi-quantitative analysis. **p<0.01. Solid black line in F: median.
Scale bar in A-E (black): 100 μm; Scale bar in A1-D1 (white): 25 μm.

Figure 3
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Expression of C3c in tumor tissue from ccRCC patients. Immunohistochemical staining was performed
on formalin-fixed Paraffin sections. A total of 129 ccRCC patients were enrolled and 17 normal renal
tissue samples were used as control. A: A representative picture of normal renal tissue; B: A representative
picture of tumor tissues showing weak C3c expression (tumor C3c level was scored as 1); C: A
representative picture of tumor tissues showing intermediate C3c expression (tumor C3c level was scored
as 2); D: A representative picture of tumor tissues showing strong C3c expression (tumor C3c level was
scored as 3). A1, B1, C1 and D1 are the local magnification of A, B, C and D respectively. E: Negative
control of immunohistochemistry; F: Results of semi-quantitative analysis. **p<0.01. Solid black line in F:
median. Scale bar in A-E (black): 100 μm; Scale bar in A1-D1: 25 μm.

Figure 4
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Kaplan-Meier survival analysis based on C3aR level in the tumor cells and C3c level in the tumor tissues
of ccRCC patients. The expression of C3aR and C3c in tumor tissue samples from 129 ccRCC patients
was detected by immunohistochemistry and the level of C3aR in the tumor cells of each sample and the
level of C3c in each section were scored. According to the level of C3aR in tumor cells and C3c in tumor
tissue, patients were divided into lower C3aR group and higher C3aR group, lower C3c group and higher
C3c group. Then, the overall survival and Disease-specific survival were compared between the groups.

Figure 5
Expression of E-Cadherin, Vimentin and Ki-67 in the tumor tissue of ccRCC patients. The expression of ECadherin, Vimentin and Ki-67 in the tumor tissue samples from 129 ccRCC patients was detected by
immunohistochemistry. A: Representative pictures of immunohistochemical staining for E-Cadherin; B:
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Representative pictures of immunohistochemical staining for Vimentin; C: Representative pictures of
immunohistochemical staining for Ki-67. W: Weak staining; I: Intermediate staining; S: Strong staining.
a1, b1, c1, d1, e1, f1, g1, h1 and i1 is the local magnification of a, b, c, d, e, f, g, g and i respectively. Scale
bar in a-i (black): 100 μm; Scale bar in a1-i1 (white): 25 μm.
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