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Abstract. Human complement factor H (cfH), a central 
complement control protein, is a member of the regulators of 
complement activation family. recent studies suggested that 
cfH may play a key role in the resistance of complement-
mediated lysis in various cancer cells. in this study, we 
investigated the role of cfH in human lung cancer. expression 
of cfH was analyzed in lung cancer cell lines by rt-Pcr, 
Western blotting and immunofluorescence. In primary lung 
tumors, the protein expression of cfH was evaluated by 
immunohistochemistry (iHc) on tissue microarray (tMa). 
Binding of cfH to lung cancer cells was detected by flow 
cytometry. mrna expression of cfH was detected in 6 out of 
10 non-small cell lung cancer (nSclc) cell lines, but in none 
of the small cell lung cancer (Sclc) cell lines. in line with 
Western blotting, immunofluorescence analysis demonstrated 
cfH protein expression in 3 nSclc cell lines, and the 
immunoreaction was mainly associated with cell cytoplasm 
and membrane. in primary lung tumors, 54 out of 101 samples 
exhibited high expression of cfH and high expression was 
significantly correlated with lung adenocarcinoma (p=0.009). 
also, in adenocarcinoma of the lung, Kaplan-Meier survival 
analysis showed a tendency that cfH-positive tumors had 
worse prognosis in comparison to cfH-negative tumors 
(p=0.082). Additionally, shorter survival time of patients 
with adenocarcinoma (<20 months) was associated with 
higher staining of CFH (p=0.033). Our data showed that 
non-small cell lung cancer cells expressed and secreted cfH. 
cfH might be a novel diagnostic marker for human lung 
adenocarcinoma. 

Introduction

lung cancer has a 5-year survival rate of ~15% and is a 
leading cause of cancer-related deaths. considerable progress 
has been made in defining genetic defects of precursor 
lesions (1,2). However, the advanced carcinoma is the major 
problem for the clinician. the majority of lung cancers is 
either not resectable at the time of diagnosis or has already 
spread to distant organs. therefore, reliable biomarkers for 
the early diagnosis and prediction of survival are increasingly 
demanded.

lung cancer can be divided into two histological groups. 
Small cell lung carcinoma (Sclc) comprises approximately 
20% of the total incidence, while non-small cell lung carci-
noma (nSclc), which includes adenocarcinoma, squamous 
cell carcinoma (Scc) and large cell carcinoma, accounts 
for 80% (3). Whereas adenocarcinomas tend to be located 
in the periphery of the lung, squamous cell carcinomas arise 
preferentially from bronchi near the hilus with potential 
involvement of trachea. Scc derives from stem cells of a 
dysplastic multilayer epithelium that underwent squamous 
metaplasia, whereas adenocarcinoma originates preferentially 
from precursor cells of the mono- or bilayer surface epithelium 
of the lung periphery. for Scc of lung, p63 and ck5/6 are 
widely used as diagnostic markers, while thyroid transcription 
factor-1 (ttf-1) is a marker for lung aDc (4). However, in 
some cases, even in combination with these markers, Scc 
and aDc still could not be distinguished from each other. 
given that patients with certain subtypes of lung cancer could 
benefit from chemotherapy or targeted therapy, identification 
of biomarkers to distinguish different subtypes of lung cancer 
is becoming increasingly important.

it has been recognized that tumor cells have mechanisms 
to circumvent the complement-mediated immune response, 
and human non-small cell lung cancer cells are especially 
resistant to complement mediated lysis as compared to normal 
cells (5). the complement system consists of a series of 
regulatory proteins, which inhibit complement activation by 
interacting with one another in a cascade manner, leading 
in consequence to cell lysis (6). the alternative pathway of 
complement is spontaneously activated and requires specific 
regulators to restrict the destructive effects of foreign cells 
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and microbes or modified self cells (7). CFH is a key inhibitor 
of the alternative pathway, and it is the prototype of a family 
of cfH-related molecules (8). the family includes cfH, 
complement factor H-like protein 1 (fHl-1) and complement 
factor H-related proteins (cfHrs). evidence supporting the 
involvement of cfH in carcinogenesis is accumulating. for 
instance, malignant glioblastoma cells produce cfH and 
fHl-1 (9,10). Secretion of soluble complement inhibitor cfH 
and fHl-1 by ovarian tumor cells could protect tumor cells 
against humoral immune attack and posed an obstacle for 
therapy with monoclonal antibodies (11). Similarly, in colon 
and lung cancer, the possible role of cfH was resistance 
to complement attack (6,12). additionally, cfH or related 
proteins were considered as diagnostic markers for transitional 
cell cancer of the bladder (13). 

in this study, we analyzed the expression of cfH in a 
panel of lung cancer cell lines and in primary lung tumors. 
We found that cfH was expressed in 6 out of 10 of nSclc 
cell lines but not in any of SCLC cell lines tested. For the first 
time, we provide evidence that cfH might be a diagnostic 
marker for adenocarcinoma of lung. 

Materials and methods

Cell lines and cell culture. Human lung carcinoma cell lines, 
including non-small cell lung carcinomas (non-Sclcs: H23, 
H2030, H2228, H157, H226, H2170 and H322), and small cell 
lung carcinomas (Sclcs: SHP77, cPc-n, H82, colo668, 
colo677 and H526) were purchased from the american 
type culture collection (atcc, rockville, MD, uSa) 
and from the german collection of Micro-organisms and 
cell culture (DSMZ, Braunschweig, germany). cells were 
grown in rPMi-1640 medium (Biochrom ag, germany) 
supplemented with 10% fetal bovine serum, and maintained 
in a humidified atmosphere with 5% CO2 at 37˚C. In addi-
tion, three nSclc cell lines including D51, D54 and D117 
were established in our laboratory. they were derived from 
primary tumors of patients who were operated at the university 
Hospital charité. these cells were grown in leibovitz 15 media 
supplemented with 10% fcS and 1% glutamine.

RT-PCR analysis. total rna was extracted from the cells 
using the trizol reagent (invitrogen) according to the manu-
facturer's instructions. total rna (1 µg) was incubated with 
RQ1 RNase-free DNase (Promega, USA) for 30 min at 37˚C to 
eliminate genomic Dna contamination.

first-strand cDna was reverse-transcribed by 15 u 
thermoScript rt (invitrogen) from the Dnase-treated rna in 
the presence of 1x rt buffer, 100 mM Dtt, 20 u rnase inhibitor, 
and 10 mM dntPs, using the random hexamer primers supplied 
in the kit. PCR amplification of CFH was carried out with the 
following primer pair: 5'-cttccttgtaaatctccacctg-3' 
(sense) and 5'-tctgcatgttggccttcc tgtc-3' (antisense). 
PCR was performed under the following condition: 94˚C 1 min, 
53˚C 30 sec, 72˚C 30 sec, for 35 cycles, with initial denaturation 
at 95˚C 15 min and final elongation at 72˚C 7 min. Controls were 
performed with glyceraldehyde-3-phosphate dehydrogenase 
(gaPDH) primer: 5'-gtgaaggtcggagtcaacg-3' (sense) 
and 5'-aggaggcattgctgatgat-3' (antisense). the 
expected size of Pcr product for cfH is 348 bp. the Pcr 

products were visualized on a 1.5% agarose gel stained with 
ethidium bromide.

Western blotting. cells were grown in rPMi-1640 without fcS 
for 48 h. Supernatants from cells were concentrated 50-fold 
using centrifugal filter units (centricon yM-10, Millipore 
corporation, Billerica, Ma). total protein (20 µg) was 
used for Western blotting according to a standard protocol. 
Monoclonal anti-factor H antibody ox-24 (abD Serotec, 
uK) was used at a 1:500 dilution. Signal was visualized with 
peroxidase-conjugated polyclonal rabbit anti-mouse antibody 
(1:1000, Dako) and ecl Plus Western blotting Detection 
System (ge Healthcare, germany).

Immunofluorescence. cells were grown on 4-well cell culture 
slides (falcon, germany) in rPMi-1640 without fcS. after 
48 h, cell culture slides were fixed in -20˚C acetone for 3 min. 
After air drying, the slides were stored at -80˚C or immedi-
ately subjected to immunofluorescence.

For immunofluorescence, a monoclonal anti-factor H anti-
body ox-24 (abD Serotec) was used at a 1:25 dilution. Bound 
antibodies were detected using cy3-conjugated goat anti-
mouse igg (Dianova, germany, dilution 1:200). fluorescence 
labeling was analyzed by confocal laser scanning microscopy 
(lSM 510, Zeiss, germany) as described previously (14).

Tissue microarray construction and immunohistochemical 
analysis. two hundred and two tumor specimens from 101 
patients with primary lung tumor were used for the construc-
tion of tissue microarray (tMa). all of these patients were 
undergoing surgical operation at the Department of Surgery 
of the university Hospital charité. no adjuvant radiotherapy 
or chemotherapy was administered before surgery. the 
clinicopathological features of the samples are listed in table i 
according to the WHO classification of lung cancer. The study 
was approved by the local ethics committee.

tMa was constructed by using a manual tissue microarray 
purchased from Beecher instruments (Woodland, Wi, uSa). 
Suitable areas for tissue retrieval were marked on standard 
haematoxylin and eosin (H&e) sections. two tissue cylinders 
per tumor with a diameter of 0.6 mm were present in one 
tMa.

a section from the tissue microarray was dewaxed with 
xylene and gradually hydrated. antigen retrieval was performed 
by treatment in a pressure cooker for 6 min. the mouse anti-
factor H monoclonal antibody with working concentration 
of 1:100 (abD Serotec) was incubated at room temperature 
for 1 h. Detection took place according to the manufacturer's 
instructions (lSaBtM 2-kits, Dako, Denmark). all slides were 
read by two pathologists (t. Knösel and i. Petersen) who were 
blinded to the clinical information. immunohistochemistry 
was scored semiquantitatively as negative (score 0), weak 
(score 1), moderate (score 2) or strong (score 3) as previously 
described (15). for statistical evaluation, scores 0 was consid-
ered as negative, while scores 1, 2 and 3 together as positive.

Flow cytometry. lung cancer cell lines colo677, colo668, 
H2228 and H226, were cultured in rPMi-1640 medium 
without fcS for 48 h, washed once, and resuspended in 0.5x 
PBS containing 1% BSa (PBS-BSa). cells were incubated 
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with or without purified human CFH diluted in PBS-BSA for 
20 min at 37˚C. Purified CFH was used at a concentration of 
10 and 20 µg/ml. Presence of endogenous cfH on the cells 
and binding of purified CFH (Complement Technology Inc., 
tx, uSa) to the cells was detected with goat anti-human cfH 
antibody (Merck Biosciences, germany, 1:500 in PBS-BSa) 
and alexa fluor 488-labeled rabbit anti-goat igg (invitrogen, 
germany, 1:800 in PBS-BSa). goat pre-immune sera (Merck 
Bioscience) were used as control. intact DaPi negative cells 
were analyzed. amount of 1x104 cells were routinely measured 
in each sample by using a BD lSrii flow cytometer, and 
facSDiva Software (BD Biosciences, Heidelberg, germany). 
Data evaluation was done with flowjo (tree Star, ashland, 
or, uSa). 

Statistical analysis. to compare the protein expression of 
cfH with clinicopathological parameters, 2x2 contingency 
tables were set up and chi-square or fisher's exact tests was 
performed. Kaplan-Meier survival curves were constructed for 
statistical significance with the log-rank tests. Data obtained 
from cfH binding were analyzed by Student's t-test. all 
p-values were calculated two-sided. for all tests, p<0.05 was 
considered statistically significant. The statistical analysis was 
performed by using the software package SPSS 13.0 (SPSS, 
chicago, il, uSa).

Results

Expression analysis of CFH in human lung cancer cell lines. 
rt-Pcr was performed to analyse the expression of cfH in 
16 cultured lung cell cancer lines. We found that cfH was 
expressed in 6 out of 10 non-small cell lung cancer cell lines, 
while in 6 small cell lung cancer cell lines tested, there was no 
signal detectable (fig. 1a). 

to analyse the protein expression of cfH in lung cancer 
cell lines, we performed Western blotting in 8 cell lines by 
using protein from cell culture medium without fcS. We found 
that protein expression of cfH was detected in 3 non-small 

cell lung cancer cell lines, but not in any of small cell lung 
cancer cell lines (fig. 1B). these results further demonstrated 
that cfH was expressed in some non-small cell lung cancer 
cell lines but not in small cell lung cancer cell lines, and cfH 
protein is secreted to extracellular medium.

Immunofluorescence. to verify the results from Western 
blotting and to evaluate the location of the factor H protein in 
lung cancer cell lines, we performed immunofluorescence in 
4 lung cancer cell lines including H226, H2228, H2170 and 
colo677. as expected, protein expression of cfH was found 
in 3 nSclc cell lines H226, H2228 and H2170 (fig. 2a-c), 
but not in the Sclc cell line colo677 (fig. 2D). this 
result is in good agreement with that from Western blotting. 
additionally, the immunoreaction was found to be mainly 
associated with cell cytoplasm and membrane.

Lung cancer cells bind CFH to their surface. to investigate 
whether tumor cells bind cfH to the cell surface, 4 lung 
cancer cell lines were incubated with purified cfH, and 
CFH binding was analyzed to intact cells by flow cytometry 
analysis. the two nSclc cell lines H2228 and H226 bound 
endogenous cfH on their cell surface (fig. 3). in addition, 
H226 cells bound purified CFH from the extracellular space 
in a concentration-dependent manner (fig. 3). in contrast, the 
small lung cancer cells colo677 and colo668 did not bind 
endogenous cfH to the cell surface, but attached exogenous 
cfH in a concentration-dependent manner (fig. 3). Binding 
of exogenous cfH to H226, colo677 and colo668 was 
confirmed using human serum (data not shown). These results 
show that non-small lung cancer cells, which produce and 
secret cfH, attach cfH to their cell surface. additionally, 
small cell lung cancer cells, which do not produce cfH, bind 
cfH from extracellular space sources like plasma or other 
body fluid. 

Immunohistochemical analysis of CFH in primary lung 
tumors. tissue microarray was constructed to explore cfH 

figure 1. analysis of cfH expression in lung cancer cell lines by (a) rt-Pcr and (B) Western blotting showed that cfH was expressed and secreted in 
several nSclc cell lines, but not in Sclc cell lines. nSclc cell lines are marked with *.
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Figure 2. Immunofluorescence staining of CFH protein in lung cancer cell lines. Positive staining of CFH in H226 (A), H2228 (B) and H2170 (C) (25-fold 
magnification) is associated with cytoplasm and membrane. In cell line COLO677 (D) the CFH staining is negative (25-fold magnification).

Figure 3. CFH binds to lung cancer cells. CFH binding was determined by flow cytometry. H226 and H2228 bind both endogenous and exogenous CFH, 
COLO677 and COLO668 bind only exogenous CFH. MFI: median fluorescent intensity; bar: ± SE; *p<0.05; n.s.: not significant.
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protein expression in primary lung tumors. one section is 
shown in fig. 4a. cfH expression was highest in infectious 
cells including macrophage cells, but was also detectable at 
lower intensity in smooth muscle cells of the lung vessels 
and blood serum. in tumor samples, as shown in table i, 54 
out of 101 cases (53.5%) were positive for cfH with either a 
membrane-like pattern or granular cytoplasmic staining, while 
other 47 cases (46.5%) exhibited no expression. examples of 
cfH staining are present in fig. 4B-e. in apoptotic cells, 
enhanced factor H expression could be observed (fig. 4f). in 
normal lung epithelium, cfH staining could not be detected 

(data not shown). the expression of cfH did not differ 
significantly by tumor grade, tumor stage, lymph node status, 
age and sex (data not shown), however, the difference of cfH 
expression between squamous cell carcinomas (Sccs) and 
adenocarcinomas (ADCs) reached statistical significance with 
aDcs showing more frequently positive expression of cfH 
compared to SCCs (p=0.009, Table II).

on analysis of 59 patients with primary lung cancer, from 
follow up data we found that the median survival time was 
23 months (range 2-66 months), and there was no significant 
effect of cfH protein expression on disease-free survival 

Figure 4. CFH protein expression in primary lung tumors. (A) A section from TMA (12.5-fold magnification); (B) CFH negative; (C) CFH weakly positive; 
(D) CFH moderately positive; (E) CFH strongly positive. (F) Apoptotic cells showed increased expression of CFH (50-fold magnification).
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(p=0.128, Kaplan-Meier statistical analysis, Fig. 5A). In the 
36 patients with aDc, there was a tendency that tumors 
with cfH-positive staining had a worse prognosis compared 
to tumors with negative staining of CFH (p=0.082, Kaplan-
Meier statistical analysis, fig. 5B). interestingly, aDcs with 
shorter survival time (<20 months) had stronger cfH staining 
(p=0.033, Table III).

Discussion

The major findings present in the current study can be summa-
rized as follows: i) cfH was expressed in some of non-small 
cell lung cancer cell lines, ii) cfH was not expressed in small 

cell lung cancer cell lines, iii) cancer cells bound cfH to their 
surface, iv) the majority of tumor samples (53.5%) exhibited 
cfH positive staining, v) cfH could be a biomarker for 
adenocarcinoma of the lung. This is the first report that CFH 
could distinguish aDc from Scc of the lung. 

cfH, a single polypeptide chain glycoprotein (150-kDa) 
present in plasma, acts as the most prominent fluid-phase 
complement inhibitor (16). This central fluid phase protein 
regulates the alternative pathway of the complement system 
(17-19). cfH was expressed in various malignant cell lines 
including ovarian, colon, bladder, liver and lung cancer cell 
lines (6,10,20-22). it binds to c3b and blocks the alternative 
pathway of complement by i) acting as cofactor for c3b cleavage, 
ii) accelerating the decay of the alternative c3 convertase, 
and iii) preventing binding of factor B to c3. By inhibiting 
alternative complement activity, factor H also protects tumor 
cells against immune attack (23-25). the utility of cfH as a 
diagnostic marker for transitional cell cancer of the bladder 

table i. Study cohort.

 cfH-negative n (%) cfH-positive n (%)

No (n=101) 47 (46.5) 54 (53.5)
Scc 25 (24.8) 16 (15.8)
lclc   2   (2.0)   3   (3.0)
aDc 18 (17.8) 35 (34.7)
Sclc   2   (2.0)   0   (0.0)

grade 1-2 30 (31.3) 27 (28.1)
grade 3 14 (14.6) 25 (26.0)

pt1 10 (10.2) 10 (10.2)
pt2+ 36 (36.7) 42 (42.9)
pn0 22 (22.9) 30 (31.3)
pn1+ 22 (22.9) 22 (22.9)

aDc, adenocarcinoma; Scc, squamous cell carcinoma; lclc, large 
cell lung carcinoma; Sclc, small cell lung carcinoma; pt2+ = pT2-pT4; 
pn1+ = pN1-pN3.

table ii. expression of cfH in patients with aDc and Scc.

 cfH (-) cfH (+) p-valuea

aDc 18 (19.1%) 35 (37.3%) 0.009
Scc 25 (26.6%) 16 (17.0%) 0.009

ap-value was calculated by chi-square test.

table iii. correlation between cfH expression and survival 
time in patients with aDc.

Survival time cfH (-) cfH (+) p-valuea

≤20 months   7 (20.6%) 6 (17.6%) 0.033
>20 months 19 (55.9%) 2   (5.9%) 0.033

ap-value was calculated by fisher's exact test.

figure 5. Kaplan-Meier survival curves of high cfH expression versus low 
cfH expression in patients with adenocarcinoma showed a tendency that 
high expression of cfH is correlated with poor prognosis. (a) in nSclc, 
(B) in adenocarcinoma of the lung.
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raised the question whether it could be a marker for other 
malignancies.

in our study, we analysed the mrna and protein expres-
sion of cfH in a panel of lung cancer cell lines by rt-Pcr, 
Western blotting, flow cytometry and immunofluorescence 
analysis. it turned out that several human nSclc cell lines 
constitutively expressed and secreted cfH, while in Sclc 
cell lines, no cfH expression was detectable. this result is 
in line with previous report by ajona et al (12), who found 
that neither Sclc nor carcinoid cell lines expressed cfH, 
suggesting a phenotypic correlation between the expression 
of cfH and the neuroendocrine differentiation of the tumors. 
We further analyzed the ability of factor H binding. it turned 
out that factor H binding to the cell surface is independent of 
its expression in tumor cells.

in a survey of protein expression of cfH in 101 primary 
lung tumors, we found that more than half of the samples 
(53.5%) showed cfH-positive staining, while the other tumor 
samples were negatively stained, indicating that high expres-
sion of cfH is not an infrequent feature of this type of cancer. 
We could only divide the primary tumors into two major 
subgroups of aDc and Scc for statistical analysis, since the 
sample size of small cell lung cancer (Sclc) and large cell 
lung cancer (lclc) was too small to be further evaluated. 
although expression of cfH was not significantly associ-
ated with tumor progression, differentiation and lymph node 
metastasis, it was significantly higher in ADCs than in SCCs 
(p<0.01). the protein expression of cfH has previously only 
been evaluated in patients with primary colon adenocarcinoma 
by Wilczek et al. they found that cfH was expressed in both 
primary colon adenocarcinoma and metastatic foci in liver (6). 
it is not yet clear if overexpression of cfH is a common event 
in adenocarcinoma, nevertheless, our result suggests that cfH 
could be a novel marker to distinguish aDc from Scc of the 
lung. 

additionally, consistent with previous observations that 
cfH binds to apoptotic and necrotic cells (26,27), we found 
that apoptotic cells expressed more cfH compared to non-
apoptotic cells of primary lung tumors. Most apoptotic cells 
do not undergo complement-mediated lysis probably due to 
overexpression of cfH, which compensates for the loss of 
m-c-reg, a membrane-bound complement regulatory protein, 
and protect against excessive complement activation and lysis 
(28). 

it has been reported that some of human non-small cell 
lung cancer cell lines highly expressing cfH or cfH-like 
protein are more susceptible to complement-mediated damage 
and more efficiently deposited C3b on the cell surface when 
they were blocked by specific anti-factor H antibodies (12). 
tumor cells that express and bind cfH to their surface can 
prevent c3b accumulation upon their cell membranes and lead 
to high resistance of these cells to complement-mediated lysis 
(12). Based on the characteristics, we supposed that tumors 
with high expression of cfH could be more aggressive and 
have a worse clinical outcome. to test this hypothesis, we 
analysed the effect of cfH expression on patient survival. 
again, in adenocarcinoma of the lung, there was a tendency 
that cfH positive-tumors had a worse clinical outcome 
compared to cfH negative-tumors, although it did not reach 
statistical significance. Patients with ADC who had positive 

expression of cfH ended with a shorter survival time (<20 
months). Evidence is not sufficient to prove the role of CFH 
as a prognostic marker in adenocarcinoma of the lung. future 
studies based on the investigation of more tumor samples are 
needed to warrant the prognostic role of cfH in lung cancer.

in summary, non-small cell lung cancer expressed cfH, 
and cfH might be a diagnostic marker for adenocarcinoma of 
the lung. for a long time, lung cancer was not considered an 
immune-sensitive malignancy. although there is increasing 
evidence that NSCLC and SCLC can evoke specific humeral 
and cellular anti-tumor immune responses, lung cancer immu-
notherapy lags behind similar efforts in melanoma, renal cell 
and prostate cancer. our results could provide further insight 
into understanding of pathogenesis and could have implication 
for the design of more effective immunotherapeutic strategies 
for this fatal disease. 
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