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Abstract

Background Fibroblast activation protein-a (FAP-a),

which is a serine protease specially expressed on the sur-

face of the cancer stromal cells, plays an important role in

the progression and prognosis in diverse malignancies.

However, the role of FAP-a in non-small cell lung cancer

(NSCLC) is still unknown.

Materials and methods We enrolled 59 NSCLC patients

who received complete resection. Sections of paraffin-

embedded primary NSCLC specimens of all the patients

were stained with antibody directed against FAP-a. Over-

all, percentage (Grade 0–3) and intensity (0–3?) of stromal

FAP-a staining of the tumor were assessed.

Results FAP-a was detected in [76 % of the specimens

examined, and its high expression seemed to be correlated

with poor tumor differentiation (P = 0.06). Furthermore,

both increased FAP-a staining percentage and intensity

were associated with worse overall survival of the patients

(percentage, P = 0.0087; intensity, P = 0.05). Higher

FAP-a staining percentage was observed in those patients

with increased peripheral neutrophil and lymphocyte count

ratio (P = 0.034).

Conclusions FAP-a is highly expressed in cancer stroma

and also a predictor of poor survival of NSCLC patients.

Elevated FAP-a expression may be associated with

inflammation and suppressed lymphocyte-dependent

immune response, which then result in the tumor progres-

sion. Therefore, FAP-a plays an important role in the

progression of NSCLC, and its high expression is a pre-

dictor of poor survival. Targeting FAP-a may be a novel

strategy for NSCLC therapy.

Keywords Fibroblast activation protein-a � Non-small

cell lung cancer � Peripheral neutrophil and lymphocyte

count ratio � Prognosis � Inflammation

Introduction

Lung cancer is the most common cause of cancer-related

death in men and women (Jemal et al. 2010; Ferlay et al.

2010). Non-small cell lung cancer (NSCLC) accounts for

approximately 85 % of lung cancer cases. Despite the

advancement in the introduction of multiple new thera-

peutic lung cancer agents, the dismal 5-year survival rate

remains as low as 11–16 % (Holmberg et al. 2010; Jemal

et al. 2010). Given the limited benefit of conventional

chemotherapy in NSCLC, the identification of novel targets

is critical (Henry et al. 2007).

The tumor microenvironment is increasingly recognized

to be important in the proliferation, invasion, metastasis

and chemoresistance of cancer cells (Östman and Augsten
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2009; Saigusa 2011; Bhowmick et al. 2004). Recent evi-

dence indicates that cancer cells are dependent on the

reactive stroma for survival and growth signals as well as

the nutritional support (Saigusa 2011; Cohen et al. 2008).

Among stromal cells, activated fibroblasts which are also

known as cancer-associated fibroblasts (CAF) have been

shown to implicate nearly all stages of oncogenesis (Sai-

gusa 2011; Franco et al. 2010). Specifically, CAF not only

contribute to epithelial cell growth and tumorigenicity but

also potentially drive the progression of cancerous cells

into a highly aggressive and metastatic phenotype (Bren-

nen et al. 2012).

Fibroblast activation protein-a (FAP-a), or seprase, is

a type II integral membrane serine protease of the prolyl

oligopeptidase family. Normally, there is no detectable

FAP-a expression in healthy adult tissues outside areas

of tissue remodeling or wound healing (Levy et al.

1999). However, recent studies indicate that FAP-a is

selectively and highly expressed on the surface of CAF

surrounding the examined epithelial cancers which

includes breast, colorectal, ovarian, pancreatic and lung

cancers (Garin-Chesa et al. 1990; Scanlan et al. 1994;

Rettig et al. 1993). High FAP-a expression is associated

with tumor re-growth, recurrence and poor clinical out-

come in rectal and pancreatic cancer (Saigusa 2011;

Cohen et al. 2008). More recently, Kraman et al. (2010)

reported that FAP-a expressing cells were involved in

the tumor immunosuppression. We hypothesized that

high FAP-a expression contributes to poor prognosis and

tumor immune system suppression in NSCLC patients. In

the present study, we investigated the expression of

FAP-a in NSCLC patients and its association with

patients survival. Furthermore, we confirmed that its

expression is associated with preoperative neutrophil/

lymphocyte ratio (NLR), which is a widely available

index of patients systemic inflammatory and immune

response (Kao et al. 2010; Tomita et al. 2011; Walsh

et al. 2005; Sarraf et al. 2009).

Materials and methods

Patients

The study was conducted in Provincial Hospital Affiliated

to Shandong University from 2008 to 2009. It included 59

NSCLC patients who received either a lobectomy or a

pneumonectomy plus regional lymph nodes dissection. All

the patients were diagnosed as NSCLC, and no metastasis

was detected before surgeries. Resected specimens were

assessed with immunohistochemistry (IHC) analysis.

Postoperative staging of all patients was determined

according to the tumor-node-metastasis (TNM)

classification of the Union for International Cancer Con-

trol, ver. 7, 2009. Peripheral blood samples were obtained

at hospitalization, and NLR was calculated as neutrophil

count divided by lymphocyte count. Patients who under-

went preoperative chemotherapy and/or radiation therapy

were excluded from the present study. The study was

approved by the Ethical Committee of Provincial Hospital

affiliated to Shandong University.

Immunohistochemistry

Formalin-fixed, paraffin-embedded specimens were sliced

into 4 lm sections. After deparaffinization and dehydra-

tion, specimens were brought to a boil in 10 mM sodium

citrate buffer (PH 6.0) for antigen unmasking. Specimens

were then blocked by 3 % hydrogen peroxide and incu-

bated with rabbit polyclonal antibody against human FAP-

a (ab53066, Abcam, diluted 1:200) overnight at 4 �C.

Specific biotinylated-secondary anti-rabbit antibodies were

then added and incubated. After incubation, slides were

again washed and developed with 3,30 diaminobenzidine

substrate. All sections were counterstained with hematox-

ylin and were dehydrated and mounted. Negative controls

were also run simultaneously.

Intensity and percent of stroma staining were evaluated

independently by two pathologists. For each section of

specimens, every pathologist picked 8 random fields to

assess the expression levels of FAP-a then calculated an

average score. In addition, they were kept blind to the

clinical status of the patients. For each patient specimen,

FAP-a staining was assessed by both percent of staining

in stroma (Grade 0, absent or \1 %; Grade 1, 1–10 %;

Grade 2, 11–50 %; Grade 3, [50 %) and intensity (0,

none; ?1, light; ?2, moderate; ?3, intense) (Henry et al.

2007).

Statistical analysis

The overall survival of the patients was defined from the

time of surgery and estimated by the Kaplan–Meier

method. Patient alive at the time of last follow-up was

censored. Spearman’s rank correlation was used to test the

relationship among FAP-a expression and peripheral neu-

trophil, lymphocyte count and NLR. Fisher’s exact test was

applied to assess the correlations among FAP-a expression

and categorical variants, including gender, age, histology,

differentiation, pT (tumor progression status), pN (lymph

node metastasis) and TNM stage. All tests were conducted

with a 5 % type I error. To further investigate the rela-

tionship between overall survival and these prognostic

factors, we apply a Cox proportional hazard model. Sta-

tistical analyses were carried out by using SAS statistical

software version 9.2.
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Results

Patient and tumor characteristics

For all 59 patients in the study, the median age at cancer

diagnosis was 63.5 years (range: 43–75 years) and 47

patients were male (79.6 %). Table 1 lists the patient

characteristics and pathological findings. Most of the

tumors (69.5 %) were well or moderate differentiated. The

most common histology was squamous cell carcinoma (29,

49.1 %), followed by adenocarcinoma (27, 45.7 %) and

other types (3, 5.2 %). The number of patients in Stage I, II

and III was 25, 21 and 13, respectively. The median follow-

up for all patients was 30 months (range from 8 to

40 months).

Immunohistochemistry results

In all, we detected the expression of FAP-a in 45 of 59

(76.2 %) specimens. The percentage of FAP-a staining in

stroma was scored as Grade 0 in 14 (23.7 %), Grade 1 in 12

(20.3 %), Grade 2 in 26 (44.0 %) and Grade 3 in 7

(11.9 %) (Fig 1). Staining intensity was assessed as light in

14 (23.7 %), moderate in 16 (27.1 %) and intense in 15

(25.4 %).

Relationship of FAP-a and clinicopathological

variables

There was a significant positive association between

staining percentage and peripheral NLR (P = 0.034). We

also find FAP-a staining percentage was positively asso-

ciated with peripheral neutrophil counts (P = 0.07). Then,

all patients were divided into two groups (FAP-a positive

group: Staining Grade 1, 2, 3 and FAP-a negative group:

Staining Grade 0) based on the percent of staining. Then,

we assessed the differences of gender, age, histology, dif-

ferentiation, pT, pN and TNM stage between the two

groups. FAP-a seemed to be negatively associated with

tumor differentiation (P = 0.06). However, there was no

significant correlation between FAP-a expression and

clinicopathological variables, including age, gender, his-

tology, pT, pN, TNM stage and peripheral lymphocyte

counts. These results were not statistically significant,

potentially due to the small sample size.

Higher expression of FAP-a was associated with poorer

overall survival

As shown in Fig. 2, overall survival showed to be worse for

patients with positively expressed stromal FAP-a
(P = 0.027). From the output of Cox regression, we found

that larger staining percentage of stromal FAP-a tends to

predict poor overall survival (P = 0.0087; hazard ratio, 2.49;

95 % confidence interval (CI), 1.26–4.94). Also, higher FAP-

a staining grade was associated with worse survival

(P = 0.05; hazard ratio, 2.49; 95 % CI 0.29–1.02). Moreover,

tumor differentiation has a significant negative association

with overall survival (P = 0.0056; hazard ratio, 0.16; 95 %

CI 0.04–0.59). All the above results are listed in Table 2.

Discussion

Despite the vast knowledge about cancer biology and the

introduction of multiple new therapeutic NSCLC agents,

the survival rate remains relatively low (Jemal et al. 2010).

The clinical benefits of current therapies targeting cancer

cells for NSCLC are limited. Consequently, there is an

increasing importance to understand the cancer within its

surrounding context (tumor microenvironment). Experi-

mental evidences show that cancer cells communicate with

surrounding stromal cells, inflammatory cells and immune

cells directly or indirectly. This is pivotal to provide the

appropriate microenvironment to support tumorigenesis,

Table 1 Patients and tumor characteristics

Variables Number (%)

Gender

Male 47 (79.6)

Female 12 (20.4)

Age

\50 6 (10.1)

50–70 41 (69.5)

[70 12 (20.4)

Differentiation

Well/moderate differentiation 41 (69.5)

Poor differentiation 18 (30.5)

Histology

Adenocarcinoma 27 (45.7)

Squamous cell carcinoma 29 (49.1)

Other 3 (5.2)

pT

T1 21 (35.6)

T2 31 (52.5)

T3 7 (11.9)

pN

N0 31 (52.5)

N1 16 (27.1)

N2 12 (20.4)

TNM

I 25 (42.4)

II 21 (35.6)

III 13 (22.0)
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angiogenesis and metastasis (Bhowmick et al. 2004; Tlsty

and Coussens 2006; Rasanen et al. 2009). CAF, the acti-

vated fibroblasts in stroma of cancer, have been identified

to be crucial to regulate the dynamic reactions between

cancer cells and numerous non-cancerous cells in the tumor

microenvironment (Franco et al. 2010). A key character-

istic of CAF is the expression of FAP-a (Garin-Chesa et al.

1990; O’Brien and O’Connor 2008).

In the current study, FAP-a was detected in [76 %

NSCLC samples. In a small study, it was reported that

FAP-a expressed fibroblasts were detected in all 13 pri-

mary lung carcinomas specimens examined (Garin-Chesa

et al. 1990). Our results confirmed the high expression of

FAP-a in the stroma of NSCLCs. Certain studies have

suggested that FAP-a expressions are associated with

aggressive disease and poorer overall prognosis in multiple

cancer types (Henry et al. 2007; Cohen et al. 2008; Peng

et al. 2013). However, the association between the FAP-a
expression and clinicopathological variables plus overall

survivals in patients with resectable NSCLC both has not

been previously reported. Our results indicated that higher

expression of FAP-a was related to worse overall survival

in NSCLC patients. Although Ariga et al. (2001) reported

that increased FAP-a in tumor stroma was associated with

improved prognosis in breast cancer, some groups evalu-

ated this relationship in other malignancies. In contrast,

elevated FAP-a expression was found to correlate with

decreased survival in colon cancer (Henry et al. 2007).

Similar trend was also observed in multiple other malig-

nancies including rectal (Saigusa 2011), pancreatic (Cohen

et al. 2008), hepatocellular (Ju et al. 2009) and ovarian

Fig. 1 Examples of FAP-a expression by immunohistochemistry. The percentage of FAP-a staining in stroma was assessed: a Grade 0 (absent or

\1 %); b Grade 1 (1–10 %); c Grade 2 (11–50 %); d Grade 3 ([50 %)

Fig. 2 Kaplan–Meier curves of patients based on FAP-a expression

levels. (FAP-a positive group: Grade 1, 2, 3 versus FAP-a negative

group: Grade 0, P = 0.027)
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carcinomas (Zhang et al. 2007). Therefore, the role of FAP-

a in tumorigenesis and progression in different types of

cancers is still controversial. The mechanisms underlying

this phenomenon are unknown, but it is plausible that the

functions of FAP-a are related to differences in the tumor

microenvironment among different tumor types.

A second observation in this study is the relationship

between FAP-a expression and clinicopathological vari-

ables of the patients. Elevated FAP-a expression seemed to

be associated with poor tumor differentiation (P = 0.06). It

is plausible that poorly differentiated cancer cells recruited

more FAP-a positive stromal cells for the cancer progres-

sion, which also indicted the differences of the tumor

microenvironment among diverse differentiated NSCLC.

Interesting, higher FAP-a expression is not correlated with

the neutrophils or lymphocytes count alone in peripheral

blood but with increased NLR. Increased NLR has been

demonstrated to be an independent predictor of survival in

NSCLC patients (Sarraf et al. 2009; Yao et al. 2012; Tomita

et al. 2012). Compared with neutrophils count or lympho-

cytes count alone, NLR reflects inflammation and immune in

tumor progression together. Recently, Kraman et al. (2010)

showed that depletion of FAP-a expressing cells caused

rapid hypoxic necrosis of cancer cells and permitted immu-

nological control of tumor growth in the models of Lewis

lung carcinomas and pancreatic ductal adenocarcinoma.

FAP-a positive cells were a non-redundant, immune-sup-

pressive component of the tumor microenvironment.

Inflammation has been shown to play an important role in the

progression of NSCLC, and the host’s immune response to

the tumor is mainly lymphocyte dependent (Al-Shibli et al.

2008; O’Callaghan et al. 2010). Taken together, our results

suggested that increased expression of FAP-a may be asso-

ciated with inflammation and suppressed lymphocyte-

dependent immune response, which then results in the pro-

gression and worse survival of NSCLC patients. Therefore,

the mechanism of FAP-a positive stromal cells which affect

host inflammation and immunity deserves further research.

Moreover, one shortcoming of the study is the small sample

size, so it would be necessary to enroll more patients for

further research in the future.

In conclusion, for the first time, we explored the

expression of FAP-a and showed its association with poor

overall survival in NSCLC patients. Higher FAP-a staining

percentage was correlated with increased NLR, which is an

index of host inflammation and lymphocyte immunity.

FAP-a may result in the progression and poor prognosis of

lung cancer by affecting the host inflammation and lym-

phocyte-dependent immunity. Targeting FAP-a can be a

possible novel strategy for NSCLC therapy.
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