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C5b-9 Staining Correlates With Clinical and
Tumor Stage in Gastric Adenocarcinoma
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Abstract: The complement system is a critical part of the immune
response, acting in defense against viral infections, clearance of
immune complexes, and maintenance of tissue homeostasis. Upre-
gulated expression of the terminal complement complex, C5b-9, has
been observed on various tumor cells, such as stomach carcinoma
cells, and on cells in the necrotic regions of these tumors as well;
however, whether and how C5b-9 is related to gastric cancer pro-
gression and severity remains unknown. In this study, human
gastric adenocarcinoma (HGAC) tissues (n = 47 cases) and patient-
matched adjacent nontumoral parenchyma (n = 20 cases) were
evaluated by tissue microarray and immunohistochemistry. The
HGAC tissues showed upregulated C5b-9 expression. Multinomial
logistic regression and likelihood ratio testing showed that over-
expression of C5b-9 in HGAC tissue was significantly correlated
with clinical stage (P = 0.007) and tumor stage (P = 0.005), but not
with tumor distant organ metastasis, lymphoid nodal status, sex, or
age. Patients with late-stage gastric adenocarcinoma had a higher
amount of tumor cells showing positive staining for C5b-9 than
patients with early-stage disease. These results may help in diagnosis
and assessment of disease severity of human gastric carcinoma.
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G astric carcinoma (GC) is one of the most prevalent
cancer types in the world, with particularly high rates
reported from countries in the Far East region, including
Japan, Korea, and China.! The global rate indicates that
risk of developing GC is high, reported as 1 in 115, and
the survival rate is poor, with only 20% to 30% of cases
surviving to the 5-year timepoint past diagnosis.” Al-
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though radiotherapy and chemotherapy are well estab-
lished and routinely applied treatments of GC, the
median survival time is often <1 year, due to the com-
monplace status of advanced metastatic disease.> As such,
causal prophylaxis is a particularly attractive focus of
research efforts aiming to improve the management of
GC cases. As metastasis is more likely to occur in later
stages of GC, early diagnosis is key to improving the
efficiency and success rates of surgical removal. Un-
fortunately, early detection of GC remains a particular
clinical challenge.* In our research efforts to identify
useful diagnostic and/or prognostic biomarkers of GC, to
aid in early detection, we turned our attention toward the
terminal complement complex C5b-9, a component of the
complement system, a major component of the innate
immune response. The complement system is activated by
endogenous ligands, such as apoptotic cells and tumor
antigen that trigger proteolytic cleavage of complement
components through the classical, lectin, and/or alter-
native pathways. Activation of the complement system
leads to generation of the effector complement molecule
C5, which is split into C5a and C5b by the C5 convertase
enzyme; the C5b product then functions to recruit com-
plement factors C6-C9 as the C5b-9 complex, also known
as the membrane attack complex (MAC). The MAC is
capable of forming a transmembrane pore in cells (in-
cluding self-cells such as cancer cells and pathogen-in-
fected cells) to induce cell death through Ca®* (influx)
overload.? This process has been extensively studied in the
conditions of defense against viral infections,® clearance
of immune complexes,”® maintenance of tissue homeo-
stasis,” and mediation of tumor-associated inflammatory
signaling.!0-!1

Upregulated expression of C5b-9 has been noted on
tumor cells in a multitude of various cancer types, such as
cervical carcinomas!?!3 and ovarian cancers,'*1¢ and the
expression has been postulated as a reliable marker for
complement activation in cancer conditions. Moreover,
studies of cancers of the breast,!” thyroid,'® and colon,!®?!
have begun to elucidate the relationship between high
C5b-9 expression levels and poor prognosis. C5b-9 ex-
pression was found to be localized mainly on the sub-
epithelial and vascular basement membranes of thyroid
carcinoma cells and shown to affect cell surface attachment
to thyroid follicular cells,'® suggesting a role in tumor cell
detachment and metastasis. In addition, C5b-9 was found to
act as a tumor promoter in a mouse model of colon cancer,
with regulatory effects on multiple carcinogenesis-related

Appl Immunohistochem Mol Morphol * Volume 24, Number 7, August 2016


mailto:oceanyx@126.com

Appl Immunohistochem Mol Morphol * Volume 24, Number 7, August 2016

C5b-9 Staining in Gastric Adenocarcinoma

target genes and signaling pathways and the ability to induce
the cell cycle upon activation of the phosphatidylinositol
3-kinase (PI3K)/Akt/FOXO1 and ERKI1 pathways in a
Gi protein-dependent manner.” To date, however, the
mechanisms by which the complement system, in particular
the C5b-9 complex, is involved in the development of the
various forms of cancers or their outcomes remain to be fully
elucidated.

The study described herein was designed to evaluate
the immunoreactivity of C5b-9 in human GC to gain
insights into the possible clinical significance of this factor
as a diagnostic and/or prognostic biomarker. Surgically
resected GC specimens and adjacent nontumoral paren-
chyma biopsies were examined by microarray and
immunohistochemistry to determine the correlation of
C5b-9 expression with pathologic characteristics of GC in
a patient population.

MATERIALS AND METHODS

Case Selection

The study protocol was approved by the Institutional
Ethics Board of Chongqing Cancer Hospital (Chongqing,
China). All study participants provided written informed
consent before enrollment and study participation.

A total of 47 patients diagnosed with gastric ad-
enocarcinoma, who had not received neoadjuvant che-
motherapy and were scheduled for surgical resection,
were recruited from the Department of Gastro-
enterological Surgery (Chongqing Cancer Hospital) be-
tween 2010 and 2013. Surgical resection specimens of
tumoral tissues [identified hereafter as HGAC (human
gastric adenocarcinoma) tissues, n = 47 cases] and biop-
sies of tumor-adjacent nontumoral gastric mucosa (5cm
away from the tumor margin, n = 20 cases) were collected
and used for clinical and experimental analyses. Samples
of the specimens were fixed in 10% neutral buffered for-
malin, embedded in paraffin, and stained with hematox-
ylin-eosin for pathologic analysis, including histologic
subtyping and tumor-node metastasis staging (according
to WHO classification).?> The data were used to provide
patient prognosis information and to guide treatment
approach (treatment was independent of the study’s ob-
jectives, design, or analysis).

Construction of Tissue Microarray

Core tissue biopsies (2 mm in diameter) were excised
from the paraffin-embedded samples (hereafter referred to
as donor blocks). After careful selection by evaluating the
hematoxylin-eosin staining pattern, the donor blocks
were arrayed precisely into a new paraffin block (hereafter
referred to as tissue array blocks) using a precision in-
strument custom-built for this purpose (Beecher Instru-
ments, Silver Spring, MD). Finally, the tissue array
blocks were cut into 4-um-thick sections and transferred
to polylysine-coated slides (hereafter referred to as tissue
microarrays).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Immunohistochemical Staining

The tissue microarrays, containing consecutive 4 um
paraffin-embedded sections, were deparaffinized, in-
cubated with 3% H,O, at room temperature for 15 mi-
nutes, washed with 0.01 MPBS, and incubated with the
primary rabbit polyclonal C5b-9 antibody (dilution, 1:200;
catalog number: ab55811; Abcam, Cambridge, UK) at
4°C for overnight. After 3 washes with PBS, the sections
were coated with horseradish peroxidase—conjugated anti-
rabbit secondary antibody (dilution, 1:200; catalog num-
ber: ZB2010; Zhongshan Golden Bridge Biotechnology,
Beijing, China) and incubated at room temperature for
40 minutes. After 3 washes with PBS, the DAB substrate
(Sigma, St Louis, MO) was added and allowed to react for
50 seconds at room temperature. All processed sections
were counterstained with hematoxylin.

Imaging and Graphical Data Analysis

Images of the immunostained tissue microarrays (n = 3
for each case) were recorded with a DP70 digital camera
(Leica, Wetzlar, Germany). The image analysis was carried
out by an observer who worked in a double-blinded manner
and calculated the average levels as follows. An area ratio was
used to represent the relative positive area, as described in
previous reports,”> 24 where < 5% positive area was scored as
0, 6% to 25% positive area was scored as 1, 26% to 50%
positive area was scored as 2, 51% to 75% positive area was
scored as 3, and >75% positive area was scored as 4. The
relative expression level was used to represent the im-
munostaining intensity of each sample, where light-brown
staining in the positive area was scored as 1, brown staining in
the positive area was scored as 2, and heavy-brown staining in
the positive area was scored as 3. The final expression level
was calculated as the sum of the area ratio and relative ex-
pression scores, where low-level expression was <2, moder-
ate-level expression was 3 or 4, and high-level expression was
> 5. Statistical analysis was carried out using the multinomial
logistic regression and likelihood ratio test using the SPSS
analytical software, version13.0 (Chicago, IL).

RESULTS

Clinical Characteristics of HGAC

The 47 GC cases consisted of 18 females and 29
males, with the average age being 58 years old. There were
25 cases with poorly differentiated carcinomas, 11 with
moderately differentiated carcinomas, and 11 with well-
differentiated carcinomas. The lymph node status of the
cases included 12 of NO, 18 of N1, and 17 of N2; no case
was of N3 lymph nodal status. Only 3 of the cases showed
distant organ metastasis.

C5b-9 Immunoreactivity in GC Tumors

The HGAC specimens showed remarkably higher
levels of immunoreactivity for C5b-9 than the adjacent
nontumoral parenchyma samples, and the immunopositivity
was predominantly localized to the cytoplasm and the
cytomembrane (Fig. 1). The HGAC specimens characterized
as clinical stage IV exhibited the most robust C5b-9
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FIGURE 1. Human gastric adenocarcinoma specimens show
overexpression of C5b-9. Representative images of C5b-9
immunostained specimens from (A) tumor-adjacent non-
tumoral parenchyma and (B) gastric adenocarcinoma.

immunopositivity (Figs. 2J-L); the HGAC specimens of
clinical stages III (Figs. 2G-I) and II (Figs. 2D-F) showed
moderate levels of C5b-9 immunopositivity, whereas the
HGAC specimens of stage I showed very little to no C5b-9
immunopositivity (Figs. 2A—C). When the immunopositivity
of the 4 clinical stages were statistically analyzed, the dif-
ference between the serial hierarchy of clinical stage (IV >
III > II > I) did not reach the threshold for significance;
however, when the clinical stages were compared as groups
of late-stage disease (IV +11I) and early-stage disease (II +1),
the immunopositivity was found to be significantly higher in
the late-stage disease specimens.

Association of C5b-9 Expression With

Clinicopathologic Characteristics of HGAC
Among the 47 HGAC specimens, 19 (40.4%) ex-

hibited high levels of C5b-9 expression, 20 (42.6%)
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exhibited moderate levels of C5b-9 expression, and 8
(17%) were little to no by IHC as compared with the
levels detected in the adjacent nontumoral parenchyma
samples. The total frequency of HGAC specimens
showing C5b-9 overexpression was 83% (39/47). The
C5b-9 expression levels were not significantly different
among older and younger age groups (above 58y old vs.
57y old and below), males and females, lymph node
status or distant organ metastasis. As shown in Table 1,
multinomial logistic regression analysis and likelihood
ratio testing showed that C5b-9 expression levels were
significantly correlated with clinical stage (P = 0.007) and
tumor stage (P = 0.005). As shown in Figure 3, the
number of cells showing positive staining for C5b-9 was
also significantly correlated with clinical stage and tumor
stage, suggesting that C5b-9 may represent a useful bio-
marker for evaluating the progress and severity of
HGAC.

DISCUSSION

To better understand the role of the complement
system in GC, especially the contribution of C5b-9 to the
disease’s clinicopathologic characteristics, we conducted a
tissue microarray—based analysis to investigate the tumor-
related deposition of C5b-9 in a series of 47 cases. The
expression level of C5b-9 was found to be higher in
HGAC specimens than in adjacent nontumoral paren-
chyma, and this overexpression was found to be sig-
nificantly associated with clinical stage and tumor stage.
Specifically, the overexpression of C5b-9 was charac-
terized as positively correlated with HGAC severity in
late-stage patients, with no significant influence detected
for HGAC in the early stages.

Among the 47 HGAC specimens examined in our
novel approach of tissue microarray to detect tumor-re-
lated C5b-9 immunoreactivity, 83% showed over-
expression of C5b-9 with higher levels of expression being
observed in cases with later stages of disease. While the
metastasis status was not correlated with C5b-9 ex-
pression, suggesting that this overexpression does not
contribute to metastasis, it is possible that this complex
plays a role in GC progression; however, the precise
mechanisms by which C5b-9 may contribute to GC re-
main to be elucidated.

C5b-9 has been characterized previously as an an-
titumor molecule, demonstrated as capable of inhibiting
tumor progression and inducing tumor cell lysis.?>%°
Previous studies using neoantigens and the tissue micro-
array approach to investigate the roles of C5b-9 in glio-
ma,?’ lung adenocarcinoma,?® medulloblastoma,? and
stomach carcinoma’? have demonstrated the presence of
C5b-9 on tumor cells and in necrotic areas of tumors. The
observed high levels of C5b-9 expression in cancer tissues
have suggested that complement activation and the as-
sembly of the terminal complement pathway may be
ubiquitous in human tumors. However, none of the pre-
vious studies have investigated the relationship between
C5b-9 and the severity of disease.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. C5b-9 expression levels in human gastric adenocarcinoma specimens of various clinical stages. Representative images of
C5b-9 immunostained GHAC specimens showing low expression in stage | (A-C) and stage Il (D-F) cases but moderate expression
(G-1) and high expression (J-L) in stage lll and IV cases, respectively, regardless of differentiation. Bar=100 um. MDA indicates
moderately differentiated adenocarcinom; PDA, poorly differentiated adenocarcinom; WDA, well differentiated adenocarcinom.

The complement system is also a contributing factor
to autoimmune disease, and its deficiency has been im-
plicated in the development and various manifestations
of systemic lupus erythematosus, rheumatoid arthritis,
and vasculitides.3! In particular, studies of C5b-9 in
autoimmune diseases have shown that formation of the
MAC (C5b-9) can promote the pathogenic processes by

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

directly inducing cell lysis. Interestingly, a previous study of
complement system in hepatitis carried out in our labo-
ratory using the mouse hepatitis virus 3—induced fulminant
hepatitis model and human specimens from fulminant
hepatitis cases showed high levels of activated C5 due to
excessive C5b-9 in the diseased liver tissue,” indicating a
pathogenic role for the C5b-9 complex in acute disease
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TABLE 1. Statistical Relation of C5b-9 Expression With
Clinicopathologic Features of HGAC

C5b-9 Expression

Features High Moderate Low Total Significance
Adenocarcinoma
Total 19 20 8 47 0.072
PDA 14 6 5 25
MDA 2 7 2 11
WDA 3 7 1 11
Sex 0.114
Female 10 7 1 18
Male 9 13 7 29
Distant organ metastasis 0.452
Yes 2 1 0 3
No 17 19 8 44
Age (y) 0.095
Younger adult (<57y) 13 8 5 26
Older adult (> 58y) 6 12 3 21
Tumor stage 0.005
T1 0 0 0 0
T2 0 7 3 10
T3 14 10 5 29
T4 5 3 0 8
Lymphoid nodal status 0.065
NO 1 7 4 12
NI 10 6 2 18
N2 8 7 2 17
N3 0 0 0 0
TNM clinical stage 0.007
1 0 4 3 7
11 1 6 1 8
111 12 7 4 23
v 6 3 0 9

Multinomial logistic regression and likelihood ratio testing was performed.

Bolded font indicates significant correlation (P < 0.01).

HGAC indicates human gastric adenocarcinoma; MDA, moderately differ-
entiated adenocarcinom; PDA, poorly differentiated adenocarcinom; WDA, well
differentiated adenocarcinom; TNM, tumor-node metastasis.
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FIGURE 3. Number of C5b-9 immunopositive cells is sig-
nificantly correlated with human gastric adenocarcinoma
clinical stage (A) and tumor stage (B).
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conditions. The mechanisms by which C5b-9 contributes to
the pathogenic processes of autoimmune diseases may
overlap with those of carcinomas, particularly considering
the known roles of inflammation factors and signaling
pathways in tumorigenesis and progression.

Although the data obtained from the research study
described herein suggest a link between complement ac-
tivation and gastric adenocarcinoma progression, the
precise role of the complement cascade remains unclear.
Certainly, the pathogenic mechanism will involve dy-
namic and complex interactions between inflammatory
factors and carcinoma factors; this type of knowledge
about the complement pathways in HGAC is expected to
provide useful insights to support the development of
novel therapeutic agents to defend against GC develop-
ment and/or progression.

ACKNOWLEDGMENT
The authors thank Dr Jennifer C. van Velkinburgh
(van Velkinburgh Initiative for Collaboratory BioMedical
Research, Santa Fe, NM) for helpful discussions and for
polishing the grammatical presentation of the manuscript.

REFERENCES

1. Hartgrink HH, Jansen EP, van Grieken NC, et al. Gastric cancer.
Lancet. 2009;374:470 —490.

2. Chung HW, Lim JB. Role of the tumor microenvironment in the
pathogenesis of gastric carcinoma. World J Gastroenterol. 2014;20:
1667-1680.

3. Oba K, Paoletti X, Bang YJ, et al. Role of chemotherapy for
advanced/recurrent gastric cancer: an individual-patient-data meta-
analysis. Eur J Cancer. 2013;49:1565-1577.

4. Wu HH, Lin WC, Tsai KW. Advances in molecular biomarkers for
gastric cancer: miRNAs as emerging novel cancer markers. Expert
Rev Mol Med. 2014;16:1-18.

5. Tegla CA, Cudrici C, Patel S, et al. Membrane attack by
complement: the assembly and biology of terminal complement
complexes. Immunol Res. 2011;51:45-60.

6. Swe PM, Reynolds SL, Fischer K. Parasitic scabies mites and
associated bacteria joining forces against host complement defence.
Parasite Immunol. 2014;36:585-593.

7. Anquetil F, Clavel C, Offer G, et al. IgM and IgA rheumatoid
factors purified from rheumatoid arthritis sera boost the Fc
receptor- and complement-dependent effector functions of the
disease-specific anti-citrullinated protein autoantibodies. J Immunol.
2015;194:1-11.

8. Maillard N, Wyatt RJ, Julian BA, et al. Current understanding of
the role of complement in IgA nephropathy. J Am Soc Nephrol.
2015;26:ASN.2014101000.

9. Danobeitia JS, Djamali A, Fernandez LA. The role of complement
in the pathogenesis of renal ischemia-reperfusion injury and fibrosis.
Fibrogenesis Tissue Repair. 2014;7:1-11.

10. Pio R, Ajona D, Lambris JD. Complement inhibition in cancer
therapy. Semin Immunol. 2013;25:54-64.

11. Ostrand-Rosenberg S. Cancer and complement. Nat Biotechnol.
2008;26:1348-1349.

12. te Velde ER, Berrens L, Zegers BJ, et al. Acute phase reactants and
complement components as indicators of recurrence in human
cervical cancer. Eur J Cancer. 1979;15:893-899.

13. Arsenakis M, Georgiou GM, Welsh JK, et al. AG-4 complement-
fixing antibodies in cervical cancer and herpes-infected patients
using local herpes simplex virus type 2. Int J Cancer. 1980;25:67-71.

14. Suryawanshi S, Huang X, Elishaev E, et al. Complement pathway is
frequently altered in endometriosis and endometriosis-associated
ovarian cancer. Clin Cancer Res. 2014;20:6163-6174.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



Appl Immunohistochem Mol Morphol * Volume 24, Number 7, August 2016

C5b-9 Staining in Gastric Adenocarcinoma

15.

16.

17.

20.

21.

22.

23.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Nunez-Cruz S, Gimotty PA, Guerra MW, et al. Genetic and
pharmacologic inhibition of complement impairs endothelial cell
function and ablates ovarian cancer neovascularization. Neoplasia.
2012;14:994-1004.

Bjorge L, Stoiber H, Dierich MP, et al. Minimal residual disease in
ovarian cancer as a target for complement-mediated mAb immu-
notherapy. Scand J Immunol. 2006;63:355-364.

Okroj M, Holmquist E, Nilsson E, et al. Local expression of
complement factor I in breast cancer cells correlates with poor
survival and recurrence. Cancer Immunol Immunother. 2015;64:
467-478.

. Qiu YM, Korteweg C, Chen ZS, et al. Immunoglobulin G

expression and its colocalization with complement proteins in
papillary thyroid cancer. Mod Pathol. 2012;25:36-45.

. Piao C, Cai L, Qiu S, et al. Complement 5a enhances hepatic metastases

of colon cancer via monocyte chemoattractant protein-1-mediated
inflammatory cell infiltration. J Biol Chem. 2015;290:10667-10676.
Wilczek E, Rzepko R, Nowis D, et al. The possible role of factor H
in colon cancer resistance to complement attack. Int J Cancer.
2008;122:2030-2037.

Baatrup G, Qvist N, Junker A, et al. Activity and activation of the
complement system in patients being operated on for cancer of
the colon. Eur J Surg. 1994;160:503-510.

Wang H, Zhang D, Wu W, et al. Overexpression and gender-specific
differences of SRC-3 (SRC-3/AIB1) immunoreactivity in human
non-small cell lung cancer: an in vivo study. J Histochem Cytochem.
2010;58:1121-1127.

Kang BW, Jeong JY, Chae YS, et al. Phosphorylated AMP-
activated protein kinase expression associated with prognosis for

24.

25.

26.

27.

28.

29.

30.

31.

32.

patients with gastric cancer treated with cisplatin-based adjuvant
chemotherapy. Cancer Chemother Pharmacol. 2012;70:735-741.
Al-Moundhri MS, Al-Hadabi I, Al-Mawaly K, et al. Prognostic
significance of cyclooxygenase-2, epidermal growth factor receptor
I, and microvascular density in gastric cancer. Med Oncol.
2012;29:1739-1747.

Fosbrink M, Niculescu F, Rus H. The role of ¢5b-9 terminal
complement complex in activation of the cell cycle and transcription.
Immunol Res. 2005;31:37-46.

Barbano G, Cappa F, Prigione I, et al. Peritoneal mesothelial cells
produce complement factors and express CD59 that inhibits C5b-9-
mediated cell lysis. Adv Perit Dial. 1999;15:253-257.

Shirazi Y, McMorris FA, Shin ML. Arachidonic acid mobilization
and phosphoinositide turnover by the terminal complement com-
plex, C5b-9, in rat oligodendrocyte x C6 glioma cell hybrids. J
Immunol. 1989;142:4385-4391.

Cui TT, Chen Y, Knosel T, et al. Human complement factor H is a
novel diagnostic marker for lung adenocarcinoma. Int J Oncol.
2011;39:161-168.

Kapitza E, Denkhaus D, zur Muhlen A, et al. Stratification of infant
patients with medulloblastoma: genomics and biology complement
histological classification. Brain Pathol. 2014;24:75-75.

Vlaicu SI, Tegla CA, Cudrici CD, et al. Role of C5b-9 complement
complex and response gene to complement-32 (RGC-32) in cancer.
Immunol Res. 2013;56:109-121.

Chen M, Daha MR, Kallenberg CG. The complement system in
systemic autoimmune disease. J Autoimmun. 2010;34:J276-J286.
Xu GL, Chen J, Yang F, et al. C5a/C5aR pathway is essential for the
pathogenesis of murine viral fulminant hepatitis by way of potentiating
Fgl2/fibroleukin expression. Hepatology. 2014;60:114-124.

www.appliedimmunohist.com | 475





