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Abstract. Lung cancer is the leading cause of cancer‑related 
mortality worldwide. The complement component 3  (C3) 
is a central protein of the complement system, expressed in 
numerous cancer tissues and considered crucial for tumor 
progression. This study aimed to investigate the prognostic 
value of C3 in non‑small cell lung cancer (NSCLC) and the 
underlying mechanisms. We used immunohistochemistry 
to observe the expression of C3 in malignant pulmonary 
lesion specimens from biopsy of 80 patients with NSCLC at 
stages I‑III, who underwent lobectomy. We further assessed 
the correlation between C3 expression and a number of 
clinical features, as well as its prognostic value. To investigate 
the mechanism by which C3 exerts its effects, the correla-
tion of C3 expression to T lymphocyte infiltration was also 
assessed. There was no significant correlation between the 
C3 level and clinical features such as gender, smoking status, 
degree of differentiation, histological type and malignant 
tumor stage based on the TNM classification system, while 
a significant correlation was found to age. However, analysis 
of overall survival (OS) and disease‑free survival (DFS) rates 
showed that low C3 expression was related to poor prognosis. 
Univariate survival analysis revealed that C3 level and TNM 
stage are independent prognostic factors. Multivariate analysis 
demonstrated that the low level of C3 and TNM stage are also 
associated with poor prognosis. Furthermore, in tissues from 
biopsies, the C3 level positively correlated to the number of 
infiltrated CD4+ and CD8+ T lymphocytes (P<0.01). These 
findings indicate that C3 is a valuable marker for prognostic 
evaluation of NSCLC and may be considered as a therapeutic 
target for the treatment of lung cancer.

Introduction

Lung cancer is the most common malignancy in the world 
and accounts for the majority of cancer‑related mortality. 
Furthermore, non‑small cell lung cancer (NSCLC) has the 
highest prevalence rate but only a 14% 5‑year survival rate in 
patients subjected to surgery (1). So far, considerable progress 
has been made to identify the local environmental factors that 
promote tumor progression.

Solid tumors are infiltrated with numerous types of inflam-
matory cells, and a few of these types, such as tumor‑associated 
macrophages and myeloid‑derived suppressor cells (MDSCs) 
have been confirmed to significantly affect the biological activ-
ities related to tumor (2‑6). Moreover, inflammatory factors 
also play important roles in the tumor microenvironment. For 
example TGF‑β, IL‑6 and IL‑17, secreted by inflammatory 
and other stroma cells, are considered as messenger molecules, 
allowing the crosstalk between inflammatory and tumor cells 
mainly at the local level (2,7‑10), while other inflammatory 
factors, including complements and C-reactive protein, func-
tion as an independent system widely distributed in the body 
fluid, which can mobilize a wider range of inflammatory 
response molecules, exerting profound effects on tumor.

The complement is one type of such an inflammatory 
factor system, containing >30 membrane‑bound and soluble 
plasma proteins, and which plays an essential role in the 
innate immune response against pathogens or foreign cells. 
Components of the complement system can recognize each 
other upon activation and form complexes with proteases 
that cleave and activate other enzymes in a cascade‑like 
manner; the resulting membrane attack complex (MAC) is 
thought to contribute to the immunoclearance of abnormal 
cells in our body via lysing the targets, including malignant 
tumors (11‑15). In addition, complement fragments deposited 
on tumor cells can be recognized by complement receptors 
expressed in immune effector cells leading to direct cytotox-
icity, phagocytosis or enhanced antibody‑dependent tumor 
killing (15,16). However, some complement regulators such as 
the anaphylatoxin C5a, can recruit MDSCs into the tumor and 
lead to suppression of the anti‑tumor CD8+ T‑cell‑mediated 
response (17). These reports indicate that each complement 
component may have entirely distinct biological effects on 
tumor progression.
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The complement component 3 (C3) is considered to be a 
central player of the complement system, since this protein has 
an important role in the three different complement activation 
pathways. Upon cleavage of C3 by a series of enzymes, the 
main complement components C3b and C5b are produced, 
which form MAC and other by‑products, such as C3a and 
C5a. Previous studies have revealed a bilateral effect of C3 on 
tumor progression: on the one hand, C3‑deficient mice showed 
significantly impaired tumor growth in the absence of C5a, 
indicating that C3 may exert a pro‑tumor effect (17); on the 
other hand, in a photodynamic therapy of mouse glioma, C3 
played crucial roles in mediating related immune responses 
against tumor  (18), while another study reported that the 
enhanced C3 deposition was accompanied by an increase 
in tumor cell lysis in human renal tumor cell lines  (19). 
Considering clinical results, it is notable that the level of C3 
are increased in the sera of patients with cancer, e.g., lung, 
colorectal, esophageal, and gastric cancer, compared to 
healthy controls (20‑22), indicating that C3 may be a suitable 
biomarker for the outcome of malignancies. However, there 
is limited information available on C3 expression in NSCLC 
tissues, and on the prognostic potential of C3 with regards to 
survival rate of NSCLC patients. Moreover, since C3 exerts 
numerous effects, it is difficult to interpret its adverse effects 
reported in the clinic.

The present study was a retrospective investigation of the 
prognostic value of C3 in cancer tissues of NSCLC patients. 
We further analyzed the correlation between the C3 level and 
that of the anti‑tumor immune T cells CD4+ and CD8+.

Materials and methods

Patient population. A total of 80  NSCLC patients at 
stages I‑III (50 diagnosed at stage I‑II and 30 at stage III) who 
had been subjected to lobectomy at the Xinqiao Hospital, at 
the Third Military Medical University between January 2000 
and December 2003, were included in this study. The clinical 
features of these patients were retrieved from the hospital 
records. The mean age of patients was 56 and none of them 
had undergone chemotherapy prior to surgery. The follow‑up 
period was 60 months from the date of surgery and patients 
who died of causes irrelevant to lung cancer were excluded.

Immunohistochemistry. Tissues from malignant pulmonary 
lesions were fixed on glass slides (Shenying instrument 
Factory, Haimen, Jiangsu, China) using formalin and were 
embedded in paraffin. Tissues were obtained from the 
Department of Pathology, at the Xinqiao Hospital and were 
examined by hematoxylin and eosin staining. An approval 
from the Ethical Committee of Xinqiao Hospital (Chonqing, 
China) was received.

After deparaffinization in dimethylbenzene, slides were 
hydrated. To retrieve the antigen, the slides were treated 
with pepsin for 10 min for C3 detection, or heated at 95˚C 
for 20 min in citrate buffer for CD4+ and CD8+ detection, 
and then with 3% H2O2 for 20 min to quench the endogenous 
peroxidase activity. Nonspecific binding was blocked by 
incubating in normal goat serum for 10 min. Next, the slides 
were incubated overnight at 4˚C with primary antibodies: 
polyclonal rabbit anti‑human anti-C3c diluted at 1:100 

(RAB‑0027; Maixin Biotechnology Co. Ltd., Fuzhou, Fujian, 
China), monoclonal mouse anti‑human anti‑CD4+ diluted at 
1:20 (M‑0078; Changdao Biotechnology Co., Ltd., Shanghai, 
China), or monoclonal rabbit anti‑human CD8+ diluted at 1:100 
(ZA‑0508; Origene Biotechnology Co., Ltd., Beijing, China). 
Next, slides were incubated with polymer enhancer from the 
Elivision plus Polyer HRP IHC kit (Maixin Biotechnology 
Co., Ltd.) for 20 min for C3 detection or 1 h for CD4+ and 
CD8+ detection, at room temperature. The sections were 
washed with phosphate‑buffered saline (PBS) and incubated 
with goat anti‑rabbit or anti‑mouse secondary antibody labeled 
with horseradish peroxidase from the Elivision plus Polyer 
HRP IHC kit (Kit-9902; Maixin Biotechnology Co.Ltd.) for 
C3 or the EnVision™ kit (Dako, Glostrup, Denmark) for CD4+ 
and CD8+. After incubation for 30 min, the sections were 
colored using 3,3'‑diaminobenzidine and counterstained with 
hematoxylin and eosin. As negative controls, we used tissue 
sections incubated with PBS instead of the primary antibody.

The expression of C3 was evaluated based on the percentage 
of positively stained areas relative to the entire section, and the 
intensity of staining. i) Positive area scores: 0, ≤5; 1, 6‑25; 2, 
26‑50; 3, 51‑75; and 4, >75%. ii) Staining intensity scores: 1, 
yellow; 2, tan; and 3, dark brown. The final expression score 
was the product of these two scores, with 0‑6 representing low 
and 7‑12 high expression. CD4+ and CD8+ positive [(CD4/8(+)]
or negative [(CD4/8(-)] expression was determined by the 

Table I. Clinical features and their correlation with the comple-
ment component 3 (C3) level in non‑small cell lung cancer.

		  C3 level
		‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Features	 Total	 High	 Low	 Pa

Patients	 80	 54	 26
Age (years)				    0.015
  <60	 46	 26	 20
  ≥60	 34	 28	 6
Gender				    0.095
  Male	 64	 46	 18
  Female	 16	 8	 8
Smoking status				    0.436
  Smoker	 48	 34	 14
  Non‑smoker	 32	 20	 12
Differentiation				    0.932
  Normal‑moderate	 18	 12	 6
  Poor	 62	 42	 20
Histological type				    0.074
  Adenocarcinoma	 22	 14	 8
  Squamous cancer	 38	 30	 8
  Other	 20	 10	 10
TNM stage				    0.267
  I‑II	 50	 36	 14
  III	 30	 18	 12

aP, from Pearson's χ2 test. Bold print denotes significant values.
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percentage of positively-stained cells relative to all cells, with 
≥25% considered positive. All scores were independently 
evaluated by two experienced pathologists.

Statistical analysis. The correlation between C3 expression 
and clinical features as well as local lymphocyte infiltration 
in NSCLC patients was examined using the χ2 or Fisher's 
exact tests. The Kaplan‑Meier method was used to estimate 
the overall survival (OS) and disease‑free survival (DFS) 
rate; the statistical significance of these data was evalu-
ated with a log‑rank test. Univariate and multivariate Cox 
proportional hazard regression models were used to assess 
the prognostic value of diverse factors alone or combined. 
P<0.05 were considered statistically significant. The hazard 
ratio (HR) describes the relative risk of the complica-
tion based on the comparison of event rates. It is the ratio 
between the predicted hazard for a member of one group and 
that for a member of the other group. All statistical analyses 
were performed using the SPSS 13.0 software (SPSS, Inc., 
Chicago, IL, USA).

Results

The C3 level in malignant tissues does not correlate to 
most of the clinical characteristics of NSCLC patients. We 
observed the resected specimens of the 80 NSCLC patients 
using immunohistochemistry. Representative tissues showing 
positive staining for C3 are shown in Fig. 1. C3 was strongly 
expressed in the cytoplasm of positive cells, in stromal and 

peritumoral nest areas, and different degrees of expres-
sion were observed in adenocarcinoma  (Fig.  1A  and  B) 
or squamous carcinoma cells  (Fig. 1C and D). A total of 
54 specimens (67.5%) expressed high levels of C3. Then, we 
analyzed the correlation between the C3 expression level and 
common clinical characteristics of these patients including 
age, gender, smoking status, degree of differentiation, 
histological type and TNM stage. As shown in Table I, no 
significant correlation was found, except for the factor age.

The C3 level correlates to prognosis of NSCLC. We 
performed a survival analysis based on OS and DFS rate data 
for the 80 NSCLC patients who had undergone lobectomy 
of the lung. Based on the immunohistochemical scoring of 
C3 expression described in Materials and methods, patients 
were divided into two groups: C3 low and C3 high. The 
Kaplan‑Meier curve showed that the C3 low group had 
significantly shorter OS and DFS than the C3 high group 
(Fig. 2), which indicates that low C3 expression may corre-
late to poor prognosis. The median OS and DFS times were 
17 and 8 months for the C3 low group, and 28 and 16 months, 
respectively, for the C3 high group.

Univariate survival analysis revealed that the C3 level, 
TNM stage and histological type are independent prog-
nostic factors of OS; the estimated mean recurrence hazard 
ratio (HR) was 0.494 at 95% confidence interval (CI). Age, 
gender, smoking status and degree of tumor differentiation 
had no significant correlation with the prognostic value 
(Table II). In addition, multivariate survival analysis was 

Figure 1. In situ expression of complement component 3 (C3) in non‑small cell lung cancer. Representative pictures (magnification, x10) of resected specimens 
demonstrating (A and C) low; and (B and D) high expression of C3 in (A and B) adenocarcinoma; and (C and D) squamous carcinoma tissues of the lung. C3 
is mainly expressed in stromal and peritumoral nest areas.

  A   B

  C   D
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performed using the Cox proportional hazards model for OS. 
The result also indicated that the C3 level and TNM stage are 
independent prognostic factors (Table II). A similar result was 
obtained for DFS (Table III).

The C3 expression correlates to local T  lymphocyte 
infiltration. To investigate the potential influence of C3 on 
lymphocytes, we performed a correlation analysis between 
the level of C3 expression and the degree of T‑cell infiltra-
tion using Fisher's exact tests. Two groups of resected 
NSCLC specimens were immunohistochemically stained 
with anti‑CD4+ (51  specimens) and anti‑CD8+ (67  speci-
mens) antibodies, respectively. Each specimen was paired to 
a C3-stained specimen. As shown in Fig. 3, both CD4+ and 
CD8+ T cells showed a high degree of infiltration when C3 
was highly expressed. Fig. 4 shows the immunohistochemical 
staining of C3 and T‑cells, which reflected the results of Fig. 3.

Discussion

In patients with NSCLC, several parameters, such as stage, 
serum albumin level and a number of blood biomarkers, 
including novel proteins and autoantibodies to tumor‑associ-
ated antigens, have been used for disease detection at early or 
advanced stages (23‑27). Since inflammation is widely consid-
ered a hallmark of cancer (28), an increasing amount of studies 
aim to find inflammation‑associated biomarkers to provide 

Table II. Univariate and multivariate analysis of clinical parameters for overall survival in non‑small cell lung cancer patients.

	 Univariate		  Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR (95% CI)	 P	 HR (95% CI)	 P

Gender (female vs. male)	 1.334 (0.611‑2.910)	 0.469
Age (<60 vs. ≥60 years)	 0.958 (0.513‑1.788)	 0.893
Smoking status (smoker vs. non‑smoker)	 1.009 (0.536‑1.901)	 0.978
TNM stage (I, II vs. III)	 0.300 (0.159‑0.566)	 0.000	 0.259 (0.115‑0.582)	 0.001
Differentiation (well‑moderate vs. poor)	 0.857 (0.394‑1.861)	 0.696
Histological type (Ad vs. non‑Ad)	 0.404 (0.169‑0.965)	 0.041	 0.392 (0.151‑1.016)	 0.054
C3 (low vs. high)	 0.494 (0.263‑0.927)	 0.028	 0.397 (0.189‑0.823)	 0.015

Bold print denotes significant values. HR, hazard ratio; CI, confidence interval; Ad, adenocarcinoma.

Figure 2. Kaplan‑Meier curves of survival rate of 80 non‑small cell lung cancer patients with different levels of expression of complement component 3 (C3). 
(A) Overall survival and (B) disease‑free survival in the C3 high (n=54) and the C3 low groups (n=26).

  A   B

Figure 3. Association of complement component (C3) level with local CD4 
and CD8 levels in non-small cell lung cancer. Histograms show the per-
centage of patients for each immune marker. Stromal C3 level is significantly 
associated with CD4+/CD8+ cell infiltration (P<0.01).
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better prognostic tools for cancer. The complement has evolved 
as a first-defense system against non‑self cells or undesirable 
host elements. The spectrum of complement‑mediated func-
tions ranges from direct cell lysis to the control of humoral and 

adaptive immunity. As a system with important involvement 
in inflammatory responses, the complement is also assumed 
to be involved in cancer-related biological processes. In 
this study, we sought to elucidate the prognostic value of an 

Figure 4. Representative pictures (magnification, x10) of resected specimens demonstrating positive correlation between the expression of complement com-
ponent 3 (C3) and CD4+/CD8+ infiltration in different histological types of non‑small cell lung cancer tissues. Specimens with (A) both high expression of C3 
(a and c) and CD4+ (b and d); (B) both low expression of C3 (a and c) and CD4+ (b and d); (C) both high expression of C3 (a and c) and CD8+ (b and d); and 
(D) both low expression of C3 (a and c) and CD8+ (b and d).

Table III. Univariate and multivariate analysis of clinical parameters for disease‑free survival in non‑small cell lung cancer 
patients.

	 Univariate		  Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR (95% CI)	 P	 HR (95% CI)	 P

Gender (female vs. male)	 0.876 (0.403‑1.904)	 0.738
Age (<60 vs. ≥60 years)	 0.918 (0.492‑1.712)	 0.788
Smoking status (smoker vs. non‑smoker)	 1.147 (0.609‑2.163)	 0.671
TNM stage (I, II vs. III)	 0.256 (0.135‑0.485)	 0.000	 0.229 (0.106‑0.494)	 0.000
Differentiation (well‑moderate vs. poor)	 0.777 (0.358‑1.688)	 0.525
Histological type (Ad vs. non‑Ad)	 0.427 (0.179‑1.020)	 0.055
C3 (low vs. high)	 0.524 (0.280‑0.980)	 0.043	 0.358(0.173‑0.741)	 0.006

Bold print denotes significant values. HR, hazard ratio; CI, confidence interval; Ad, adenocarcinoma.

  A   B

  C   D
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important complement component, C3, and its correlation to 
lymphocyte infiltration, in order to assess the prognostic value 
of this inflammatory factor in tumor progression.

Considering that the complement is involved in the 
recognition of non‑self elements, it is logical to hypothesize 
that changes in the composition of tumor cell membranes 
render these cells a target for recognition by the comple-
ment. Consistent with this assumption, a number of clinical 
studies have reported an activation and subsequent deposi-
tion of complement in cancer patients (29‑30). In the present 
study, using resected specimens from NSCLC patients who 
had undergone surgery, we found that nearly all cancer 
tissues express C3 in the stromal and peritumoral nest areas, 
indicating that the complement may be synthesized by the 
stromal and inflammatory cells in these areas in the NSCLC 
environment. However, the antigens responsible for comple-
ment activation and the relevant pathways are not yet known. 
Moreover, a high level of deposition of the complement 
component 5 (C5) protein was found in lung cancer cell lines, 
and its activated product C5a was increased in plasma from 
patients with NSCLC (17), thus tumor cells may also be able 
to form the complement, through the action of an extrinsic 
pathway. Therefore, a more systematic identification of active 
complement components and analysis of the pathways and 
mediators by which cancer cells may activate the complement 
is needed to interpret these results.

A series of studies have confirmed that the complement 
system contributes to mechanisms that affect the growth of 
tumors in mouse models (17,18), but there is still considerable 
controversy on the exact mechanisms and relevant conditions 
that promote them in the human body. Complement and its 
related proteins are elevated in the biological fluids of patients 
with numerous types of tumor, and their activity has been 
associated with the clinical outcome of these patients (20‑22). 
For example in patients with chronic lymphocytic leukemia, 
a positive correlation was observed between survival time 
and the activity of the classical complement pathway (31). We 
performed a survival analysis to assess whether the C3 levels 
in cancer tissues positively correlate to OS and DFS of NSCLC 
patients; investigating the role of the complement system in 
neoplastic progression in NSCLC patients is a novel approach, 
allowing to directly assess the prognostic value of C3, thereby 
providing potentially alternative tools for cancer therapy.

It is well established that the downstream products of C3 
activation, C3a and C5a, are important anaphylatoxins that 
recruit immune cells (neutrophils, phagocytic cells and more) 
to the site of inflammation (32). However, certain types of 
recruited inflammatory cells, such as MDSCs, can promote 
tumor progression, which is not consistent with clinical results. 
The present study provided evidence that higher numbers 
of CD4+ and CD8+ cells infiltrate tumor tissues where C3 
is highly expressed. Therefore, our findings support that C3 
may also contribute to tumor suppression by attracting anti-
tumor immune cells in a MAC‑independent manner, which 
may explain the fact that high C3 levels predict long survival 
times. We assume that C3 can recruit inflammatory cells in 
the human body, although in a mouse model of multistage 
epithelial carcinogenesis (HPV16 mice) C3 did not recruit 
inflammatory cells (33); the tumor environment may not be 
identical between the two species.

In conclusion, the level of the core component of the comple-
ment system, C3, has a significant prognostic value in NSCLC 
patients at all stages, and further correlates to local CD4+ and 
CD8+ T lymphocyte infiltration. This may represent an advis-
able mechanism to explain previous results.

Future studies will be performed to identify the relevant 
regulating factors and pathways that are involved in the roles 
played by C3 in tumor suppression. In addition, the effectiveness 
of C3 as a diagnostic and prognostic marker needs to be further 
assessed, both in tissue and serum samples, in the context of 
developing C3-based agents for future clinical application.
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