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Abstract: Distant metastasis continues to be a fatal threat to quality of life in patients with small cell lung caner
(SCLC). The purpose of this work is to analyze the expressions of chemokine receptor four (CXCR4), matrix metal-
loproteinase-9 (MMP-9), transforming growth factor-b1 (TGF-B1), N-cadherin and vascular endothelial growth factor
(VEGF) in small cell lung caner (SCLC), and to explore their correlations with the prognosis and metastasis. Sixty-five
consecutive patients with stage I-lll SCLC who received operation in our hospital from Jan 2003 to Oct 2009 were
retrospectively analyzed. The expression of CXCR4 was found significantly correlated with bone metastasis (P =
0.004), and were marginally correlated with brain metastasis (P = 0.068) and lymph node metastasis (P = 0.085).
The expression of MMP-9 was significantly associated with pathological staging (P = 0.048). Univariate analysis
suggested surgical approach, clinical stage, lymph node metastasis were significantly associated with OS and PFS
(P < 0.05), high expression of CXCR4 was significantly correlated with worse OS (P = 0.004) and PFS (P = 0.005).
Multivariate analysis suggested surgical approach, TGF-B1, CXCR4 and lymph node metastasis were independent
prognostic factor for PFS. In conclusion, High expression of CXCR4, MMP-9, TGF-B1 and VEGF were found in SCLC.
High expression of MMP-9 was significantly associated with pathological staging, and high expression of CXCR4 was
correlated with bone metastasis and also might correlate with brain metastasis. CXCR4 were independent prognos-
tic factor for survival in SCLC and expanded samples should be further explored in the future.

Keywords: Small cell lung cancer, molecular factors, immunohistochemistry, metastasis, prognosis

Introduction distant metastasis [2-7]. In our study, we detect-
ed and analyzed the expressions of CXCR4,
MMP-9, TGF-B1, N-cadherin and VEGF in SCLC,
explored their correlations with brain metasta-
sis and prognostic significance by immunohis-
tochemical method and further provided theo-
retical basis for subsequent targeted therapy of

clinical research.

Lung cancer is one of the most common malig-
nant tumors in the world, with its highest inci-
dence, mortality and 5-year survival rate lower
than 15%. Small cell lung caner (SCLC) accounts
for 15%-20% of all lung cancer and tends to
have wide-spread metastasis at early stage
and the ability to develop resistance against
chemotherapeutic drugs which are responsible
for the highly malignant phenotype [1].
Chemokine receptor four (CXCR4), matrix
metalloproteinase-9 (MMP-9) and transforming

Materials and methods

Patients and specimens

growth factor-b1 (TGF-B1), N-cadherin and vas-
cular endothelial growth factor (VEGF) have
been confirmed to play an important regulatory
role during the process of tumor invasion and

The study was approved by the Tianjin Medical
University Cancer Hospital and Institution. Sixty
five SCLC patients between Jan 2003 and Oct
2009 who had undergone a lobectomy or pneu-
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Figure 1. The expression of CXCR4 and MMP9 (x 200). A. Negative expression of CXCR4 protein. B. Moderate posi-
tive expression of CXCR4 protein. C. Strong positive expression of CXCR4 protein. D. Negative expression of MMP9
protein. E. Moderate positive expression of MMP9 protein. F. Strong positive expression of MMP9 protein.

monectomy and mediastinal lymph node dis-
section were included in this retrospective
study. Most of the patients received operation
therapy due to the non-small cell lung cancer
diagnosis pre-operation. The selection criteria
were as follows: patients had pathologically
proven SCLC, had undergone surgery, had neg-
ative pretreatment results of computed tomog-
raphy or magnetic resonance imaging of the
head at the time of initial diagnosis, and had no
history of any other cancer. None of the patients
had received PCl. TNM staging was defined
according to the current American Joint Com-
mittee on Cancer (AJCC) criteria, 7th edition.

Immunohistochemistry

All the specimens used for immunohistochem-
istry (IHC) were fixed in 10% neutral buffered
formalin and processed routinely for CXCR4,
MMP9, TGF-B1, N-cadherin and VEGF accord-
ing to immunohistochemistry of streptavidin-
perioxidas (SP) kit. The working concentration
for primary antibodies follows: CXCR4 (1:50,
Abcam company, England); VEGF (1:100,
Abcam, England); MMP9 (1:100, Zhongshan
Golden Bridge Biological Technology, Beijing,
China), TGF-B1 (1:100, Abcam, England) and
N-cadherin (1:50, Abcam, England). The sec-
ondary antibodies were added to the samples
for fluorescence signals (1:1000, Zhongshan
Golden Bridge Biological Technology, Beijing,
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China). The immunocomplexes were visualized
using diaminobenzidine (DAB) as a chromogen-
ic substrate (Zhongshan Golden Bridge
Biological Technology, Beijing, China). Pho-
sphate buffered saline (PBS) was used in place
of primary antibodies as negative control and
positive results were used as a positive con-
trol.

Judgment of results

Two independent observers determined the
percentage of cells being stained and interpret-
ed the results in a blinded fashion. Both the
intensity and percentage of positive cells were
measured. The product of the staining intensity
and positive cell scores determined the final
results for each section. The staining intensity
was determined for the following four classes:
0 = undetectable; 1 = faint buff; 2 = moderate
buff; and 3 = high buff or sepia. Stained cell
sections in each case were randomly selected
and five high-power fields were counted under
the microscope (x 400). We counted 100 cells
in each region for a total number of 500 cells,
calculated the percentage of positive cells as
well as the score. IHC staining was scored
according to the following criterion: 0, 0%-5%;
1, 6%-25%; 2, 26%-50%; 3, 51%-75% and 4,
76%-100%. Using the percentage of stained
cells x staining intensity ( from O to 12), the
integrated scoring was assessed [8]. Cell
expression was stratified as follows according
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Figure 2. The expression of TGF-B1, N-cadherin and VEGF (x 200). A. Negative expression of TGF-B1 protein. B. Posi-
tive expression of TGF-B1 protein. C. Negative expression of N-cadherin protein. D. Positive expression of N-cadherin
protein. E. Negative expression of VEGF protein. F. Positive expression of VEGF protein.

to our staining: negative: less than 3, moderate
positive, less than 6 and strong positive for
more than 6 to CXCR4, MMP9; negative: less
than 3, positive for more than 3 to TGF-1 and
N-cadherin; negative: less than 4, positive for
more than 4 to VEGF.

Statistical analysis

All statistical analyses were carried out using
SPSS 17.0 software. Enumeration data were
analyzed by X2 test and Kaplan-Meier method
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was conducted for survival curves, which were
compared with Log-rank test, and multivariate
analyses were carried out by the Cox propor-
tional hazards regression model. P < 0.05 was
considered statistically significant.

Results
The characteristics of patients

There were 44 male cases and 21 female
cases, aging from 35 to 78 years with median
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Figure 3. Kaplan-Meier curves for patients with the expression of CXCR4. A. Overall survival differences in CXCR4, P
= 0.004. B. Progression-free survival differences in CXCR4, P = 0.005.

age of 59 years. Eighteen cases received pneu-
monectomy and 47 cases received lobectomy;
20 cases had stage |, 15 had stage Il and 30
had stage Ill disease according to UICC 2009;
Twenty-four cases received 1-2 cycles of induc-
tion chemotherapy, 57 cases received 1-6
cycles of adjuvant chemotherapy and 17 cases
received radiotherapy to the surgical stump
and mediastinum with a total dose of 40-50 Gy.
Thirty two cases suffered distant metastasis
(including 15 bone metastasis, 11 brain metas-
tasis and 9 with other distant metastasis as
liver or adrenal gland) and 17 with local recur-
rence (LR) when followed up on January 1,
2015. The median overall survival (OS) and pro-
gression free survival (PFS) were 30 months
and 17 months, respectively.

The expression of CXCR4, MMP-9, TGF-31,
N-cadherin and VEGF protein

IHC staining results of tumor samples demon-
strated that the positive expression rates of
CXCR4, MMP-9, TGF-B1, N-cadherin and VEGF
were 93.8% (61/65), 70.8% (46/65) and 43.1%
(28/65), 35.4% (23/65) and 50.8% (33/65)
respectively. CXCR4, MMP-9 (Figure 1), TGF-31,
N-cadherin and VEGF (Figure 2) positive cells
were stained with brown-yellow granules or
masses, specifically in the cytoplasm. The mod-
erate positive rate of CXCR4 was 18.0% (11/61)
and that of strong positive was 82.0% (50/61).
The moderate positive rate of MMP-9 was
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26.1% (12/46) and that of strong positive was
73.9% (34/46).

The relationship among the expression of
CXCR4, MMP-9, TGF-B1, N-cadherin and VEGF
to survival

The PFS and OS at 1 year, 3 years and 5 years
for the whole group was 53.8%, 34.9%, 31.7%
and 81.5%, 40.9%, 33.0%, respectively.
Univariate analysis suggested that surgical
approach, clinical stage, lymphatic metastasis
were significantly associated with prognosis (P
< 0.05, high expression of CXCR4 was signifi-
cantly correlated with worse OS and PFS (P =
0.004 and P = 0.005, respectively) (Figure 3),
while no differences were found between
MMP-9 or TGF-B1 with OS (P > 0.05) (Table 1).
Multivariate analysis suggested that surgical
approach, TGF-B1, CXCR4 and lymph node
metastasis were independent prognostic fac-
tors for PFS (Table 2), While no correlation were
found between PFS and the expression of
N-cadherin and VEGF (P > 0.05).

The relationship among the expression of
CXCR4, MMP-9, TGF-B1, N-cadherin and VEGF
to metastasis

There were significant differences between the
high expression of CXCR4 and distant metasta-
sis (P = 0.004), especially to bone metastasis
(P = 0.004), but no differences to brain metas-
tasis (P =0.068) or lymph node metastasis (P =

Int J Clin Exp Pathol 2015;8(11):14676-14684
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Table 1. Statistical analysis of factors predicting patients’ overall sur-

vival (0S)

Discussion

(Number of patients)

OS (months) Univariate*

Distant metastasis con-

R
Multivariate tinues to be a significant

threat to quality of life in

patients with lung can-
cer. The risk of develop-
ing BM in SCLC is higher
than with other histolo-
gies. Seute et al. report-
ed the cumulative risk
of BM at 2 years after
the diagnosis to be 49%
to 65% in SCLC [9].
Immunohistochemistry
plays an important role

0.002  0.156-0.669 in pathological study

and diagnosis. In this
study, we detected and
analyzed the expres-
sions of CXCR4, MMP-9,
TGF-B1, N-cadherin and
VEGF in SCLC, explored
their correlations with
brain metastasis and
prognostic significance
by immunohistochemis-
try, and we found high
expression of CXCR4,
MMP-9, TGF-B1 and VE-
GF were found in SCLC.
High expression of MMP-
9 was significantly asso-
ciated with pathological
staging, and high expre-
ssion of CXCR4 was cor-
related with bone me-
tastasis and also might
be correlated with brain
metastasis.

Median P Value P Value 95% Cl

Sex
Male (44) 23.0 0.035
Female (21) 41.0

Age
< 65 years (44) 30.0 0.207
> 65 years (21) 25.0

Smoking Index
<400 (36) 25.0 0.283
> 400 (29) 30.0

Surgical approach
Lobectomy (47) 37.3 0.001
Pneumonectomy (18) 15.0

Clinical stage
I (20) 67.2 0.002
Il (15) 171
111 (30) 20.0

Lymphatic metastasis
Yes (26) 20.0 0.001
No (39) 67.0

VEGF
+(33) 31.0 0.423
-(32) 29.8

N-cadherin
+(23) 31.0 0.781
-(42) 29.8

CXCR4
+(31) 19.0 0.004 0.003  1.447-5.963
-(34) 41.0

MMP9
+(34) 24.0 0.899
-(31) 34.0

TGF-B1
+(28) 31.0 0.142 0.035 0.220-0.946
-(37) 29.0

Matrix  metalloprotein-

*Univariate Analysis; **Multivariate Analysis.

0.085). The high expression of MMP-9 was sig-
nificantly associated with clinical staging (P =
0.048), but no differences were found with dis-
tant metastasis (P = 0.261) and lymph node
metastasis (P = 0.085); no significantly differ-
ences were found among the following indica-
tors of age, sex, local recurrence and lymphatic
metastasis (P > 0.05) (Table 3), While no cor-
relation were found between metastasis and
the expression of TGF-B1, N-cadherin and VEGF
(P> 0.05).
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ases-9 (MMP-9) has
been identified to have
negative correlation wi-
th NSCLC and promotes its distant metastasis
[10-12], while few studies explore its correla-
tions with metastasis and prognostic signifi-
cance in SCLC. In our study of 65 SCLCs, the
high expression of MMP-9 was significantly
associated with clinical staging, which was
coincide with the results of El-Badrawy [13] and
Zheng et al [14] who found that the expression
of MMP-9 correlated with pathologic stage,
lymph node metastasis, and survival. But no
differences were found among the high expres-
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Table 2. Statistical analysis of factors predicting patients’ progression

free survival (PFS)

Over-expression of TGF-B1
was demonstrated as a

o
(Number of patients) PFS (months) Univariate

Multivariate**

negative prognosis marker

in a variety of tumors such

as head and neck squa-
mous cell carcinoma, gas-
tric carcinoma, breast can-
cer, pancreatic cancer, co-
lorectal carcinoma, pros-
tate cancer, human mela-
noma cells and bladder
cancer [15-17], whereas
some study suggested it
as a favorable prognostic
factor at the early stage of
NSCLC [18, 19]. These
inconsistent results might
be due to discrepancies in
sample size, different tech-
niques of detection, and
unequal cutoff  points
between these studies. In
our cohort, multivariate
analysis suggested TGF-B1
was an independent pro-
tective prognostic factor
for PFS; positive expres-
sion of TGF-B1 had a rela-
tive longer median (18.0
months) PFS for patient’s
than the negative ones
(14.0 months). However,
the molecular mechanism
by which TGF-B1 associat-
ed with prognosis has not
been elucidated, and wh-
ether it's a favorable prog-
nostic factor or it has a
prognostic or predictive
values still needs to be fur-
ther studied.

Median P Value P Value 95% Cl
Sex
Male (44) 11.3 0.056
Female (21) 39.3
Age
< 65 years (44) 20.0 0.120
> 65 years (21) 10.5
Smoking Index
<400 (36) 14.0 0.212
> 400 (29) 18.0
Surgical approach
Lobectomy (47) 23.0 0.004 0.002 0.162-0.658
Pneumonectomy (18) 9.0
Clinical stage
| (20) 67.2 0.007
11 (15) 11.3
111 (30) 10.0
Lymphatic metastasis
Yes (26) 11.0 0.002 0.005 0.185-0.742
No (39) 67.2
VEGF
+(33) 21.2 0.272
-(32) 10.5
N-cadherin
+(23) 18.0 0.737
-(42) 14.0
CXCR4
+(31) 10.5 0.005 0.006 1.311-5.134
- (34) 37.0
MMP9
+(34) 12.0 0.807
-(31) 20.0
TGF-B1
+(28) 18.0 0.095 0.028 0.238-0.919
-(37) 14.0

*Univariate Analysis; **Multivariate Analysis.

sion of MMP-9 to distant metastasis, lymph
node metastasis and survival, which maybe
resulted from our small sample size.
Significantly higher expression and activity of
MMP-9 in tumor tissue supports the important
role of this metalloproteinase in the growth of
SCLC, however further studies are needed to
understand its clear mechanism during the
progress of SCLC.
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In our study of 65 SCLCs,

the positive expression

rates of CXCR4 was 93.8%,
which was similar to a previous study [20]. To
analyze the relationship among the expression
of CXCR4, MMP-9 and TGF-B1 with patients’
prognosis, we found the high expression of
MMP-9 only associated with the postoperative
pathological staging of patients; and a high
expression of CXCR4 is associated with distant
metastasis, especially to bone metastases (P =
0.004) while no significance was found to TGF-

Int J Clin Exp Pathol 2015;8(11):14676-14684
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Table 3. Relations among CXCR4, MMP9, TGF-B1, N-cadherin and VEGF expression to clinical patho-

logical factors

\ OXCRa MMP-9 TGF-B1 VEGF l\:lgi: )
- + - + - T - -
Sex
Male 44 22 22 0590 23 21 0993 18 26 0.609 21 23 0.164 15 29 0.206
Female 9 12 11 10 10 11 12 9 8 13
Age
<65years 44 21 23 0.993 22 22 0590 20 24 0.575 25 19 0.079 17 27 0.164
>65yesrs 21 10 11 12 9 8 13 8 13 6 15
Clinical stage
| 20 7 13 0.322 12 8 0.048 8 12 0.312 10 10 0335 8 12 0.191
Il 15 7 8 11 4 9 6 10 5 7 8
Ml 30 17 13 11 19 11 19 13 17 8 22
Lymphatic metastasis
Yes 39 22 17 0.085 17 22 0.085 16 23 0.683 19 20 0.184 13 26 0.190
No 26 9 17 17 9 12 14 14 12 10 16
Local recurrence
Yes 7 9 8 0614 8 9 0614 8 9 0700 8 9 0208 6 11 0.231
No 48 22 26 26 22 20 28 25 23 17 31
Distant Metastasis
Yes 32 21 11 0.004 19 13 0.261 12 20 0.371 15 17 0.163 11 21 0.202
No 33 10 23 15 18 16 17 18 15 12 21
Brain Metastasis
Yes 11 8 3 0068 7 4 0409 5 6 081 5 6 0240 4 7 0.267
No 54 23 31 27 27 23 31 28 26 19 35
Bone Metastasis
Yes 15 12 3 0004 8 7 0928 7 8 0749 7 8 021vr 7 8 0.14
No 50 19 31 26 24 21 29 26 24 16 34

1, N-cadherin and VEGF. All the results sug-
gested that the high expression of CXCR4 had
positive correlation to distant metastasis in
SCLC, especially to bone metastases. Sun et al
[24] confirmed that CXCLI2/CXCR4 axis was
activated in bone metastases of prostate can-
cer, neutralizing CXCR4 antibody or a specific
peptide that blocked CXCR4 also decreased
the size of the tumors and the total metastatic
load compared with controls in vivo. Although
few reports about CXCR4 in bone metastases
of SCLC, our results indicated CXCR4 may be
an effective predictor of bone metastases in
SCLC. Our results showed that patients with
high expression of CXCR4 had less shortened
0S (19.0 months to 41.0 months) and DFS
(10.5 months to 37.0 months) significantly.
Univariate analysis suggested that surgical
approach, clinical stage, lymphatic metastasis
was significantly associated with prognosis,
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and high expression of CXCR4 was significantly
correlated with OS and PFS, which showed
CXCR4 may become a potentially effective pre-
dictor for patient’s OS and PFS.

CXCR4 could mediate cancer cell migration and
adhesion to the stromal cells in SCLC [20].
Some studies had found that cancer cell could
escape the necrosis caused by chemotherapy
because of the migration of cancer cells medi-
ated by CXCR4 and integrin [1, 22]. Some stud-
ies indicated that blocking CXCR4 by neutraliz-
ing CXCR4 antibody or siRNA interference could
inhibit the growth and metastasis of breast and
prostate cancer cells. According to the regula-
tion function of CXCR4 in distant metastasis
and resistance against chemotherapeutic
agents in SCLC, many studies devoted to the
research of CXCR4 antagonists for treatment of
SCLC, and CXCR4 was considered to be an

Int J Clin Exp Pathol 2015;8(11):14676-14684
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important taget and a new hope for targeted
therapy of SCLC [20, 22].

In conclusion, high expression of CXCR4, MMP-
9, TGF-B1 and VEGF were found in SCLC. High
expression of MMP-9 was significantly associ-
ated with pathological staging, and high expres-
sion of CXCR4 was correlated with bone metas-
tasis and poor survival in SCLC. CXCR4 were
independent prognostic factor for survival in
SCLC and expanded samples should be further
explored in the future.
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