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ABSTRACT

Purpose: To evaluate the prognostic potential of serum CCL2 (sCCL2) and serum TNF-a
(STNF-o) in nasopharyngeal carcinoma (NPC) before treatment by analysing the expression
of these two markers.
Experimental design: Both sCCL2 and sTNF-o were prospectively detected in 297 NPC
patients with enzyme-linked immunosorbent assay (ELISA) before treatment. The correla-
tions between sCCL2 level or sTNF-a level and patient’s survival were evaluated.
Results: For sCCL2, the 5-year overall survival (OS) and 5-year distant metastasis-free sur-
vival (DMFS) of high expression group and low expression group were 64% versus 81%
and 67% versus 84% (P < 0.05), respectively. For sTNF-o, the 5-year OS and 5-year DMFS of
high expression group and low expression group were 62% versus 79% and 66% versus
82% (P <0.05), respectively. The 5-year OS and 5-year DMFS for both positive patients,
one marker positive patient and both negative patients were 53% versus 77% versus 85%
and 58% versus 80% versus 86% (P <0.05), respectively. Concentrations of sCCL2 and
sTNF-o in patients with large skull base invasion were higher than those without or with
small skull invasion (P < 0.05). Patients who developed bone metastasis alone after radical
treatment had higher pre-treatment concentrations of sCCL2 and sTNF-a than those with-
out metastasis (P < 0.001). Multifactorial Cox regression analyses demonstrated that T/N/M
classification, chemotherapy, sCCL2 level and sTNF-a level were independent predictors of
OS and DMFS of NPC patients.
Conclusion: High expression levels of sCCL2 and sTNF-a predict bone invasion, post-treat-
ment distant metastasis and poor overall survival in NPC patients.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

in the Western country. With the characteristics of early cervi-
cal lymph node metastasis, special anatomic site, sensitivity

Nasopharyngeal carcinoma (NPC) is the most common head to radiotherapy and chemotherapy, NPC is treated with radia-
and neck cancer in South of China, though it is rarely seen tion as the radical treatment method. Radiotherapy combined
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with chemotherapy has been proven to be superior to radio-
therapy alone in advanced stage NPC patients with benefit in
overall survival and disease specific survival. However, the
3-year metastasis rates for advanced stage patients were
reported to be as high as 31% even when treated with chemo-
radiotherapy.’ This suggests that distant metastasis remains
the major reason for the treatment failure of NPC.

The mechanism of metastasis is very complicated. As early
as in 1889, Stephen Paget first reported that metastasis de-
pends on crosstalk between selected cancer cells (the ‘seeds’)
and specific organ microenvironments (the ‘soil’), and only
when the seeds and soil were compatible, the metastasis
could be formed.? Many studies focused on the nature of the
‘seeds’, such as the oncogenes, tumour suppress genes, stem
cells and so on, but the properties of the ‘soil’ also play a very
important role in the development of metastasis.

Since there are numerous inflammatory cells infiltrating in
nasopharyngeal carcinoma and tumour-associated macro-
phages (TAMs) is one of the major component of the infil-
trated inflammatory cells,®> we supposed that the ‘soil’ of
NPC would have some specific characteristics. It has been
confirmed that TAMs can promote tumour progression and
increase metastatic potential in breast cancer and prostate
cancer.*® Chemokine CCL2 (chemokine C-C motif ligand 2
or monocyte chemotactic protein-1, MCP-1) is one of the ma-
jor factors, which act as a chemotactic factor for monocyte
and macrophage.® Several reports have indicated that serum
CCL2 (sCCL2) expression is associated with tumour progres-
sion, lymph node metastasis, stroma formation and dissolu-
tion and clinical aggressiveness.”® On the other hand,
tumour necrosis factor-alpha (TNF-a) is one of the important
cytokines secreted by the macrophage. The expression
change of serum TNF-o (STNF-o) level is closely related to tu-
mour progression and prognosis in many cancers including
NPC.*"*® But with the limitation of short following-up time
in the study about NPC, the observation about the relation-
ship between TNF-o and NPC metastasis was not very
satisfactory.

We hypothesised that CCL2 and TNF-o might be over-ex-
pressed in the serum of NPC patients and might be new met-
astatic biomarkers in NPC patients. In this prospective study,
we provided the first evidence that sCCL2 was over-expressed
before treatment in certain NPC patients. NPC patients with
high sCCL2 level or high sSTNF-a level before treatment would
develop more distant metastasis and subsequent poorer over-
all survival after radical therapy. Furthermore, patients with
large skull base invasion or developed bone metastasis after
treatment had especially high concentrations of sCCL2 or
sTNF-o. This suggested that sCCL2 and sTNF-a might get
the ‘soil’ in the bone ready to favour the formation of bone
metastasis in NPC patients. The findings here will provide evi-
dence to develop anti-CCL2 and anti-TNF-o drugs to treat and
prevent bone metastasis in certain patients in the future.

2. Experimental design

2.1. Patients and sera

With « =0.05, $=0.10, P, =0.8 and P, = 0.6, we estimated that
we had to enrol at least 109 patients in each group. Consecu-

tively and newly identified NPC patients who enroled in Naso-
pharyngeal Carcinoma Department of Sun Yat-Sen University
Cancer Centre were studied and the serum samples from
these patients were collected prospectively before treatment.
The patient eligibility criteria are as follows: aged between 18
and 60 years; no contraindications for chemotherapy and
radiotherapy; nasopharyngeal biopsy confirmed WHO type II
or type III; stage I to IV,,, (by UICC staging system 2002); no
chemotherapy, surgery or radiotherapy before; Karnofsky
(KPS) score > 80. All NPC patients had undergone routine
checkups including head and neck magnetic resonance imag-
ing (MRI), chest X-ray, abdominal ultrasonography and bone
scan before the treatment and every 3 months after comple-
tion of radical treatment with the exception of bone scan
which was repeated every 6 months or when the patients
complained of bone pain. The primary end-point of the study
was overall survival (OS). The secondary end-points were dis-
tant metastasis-free survival (DMFS) and local-regional re-
lapse-free survival (LRRFS). The survival time was recorded
since the completion of radical treatment. Based on the MRI
before treatment, we defined patients with more than two
sites of skull base invasion as large skull base invasion and
no more than two sites of skull base invasion as small skull
base invasion. This study was approved by the Ethics Review
Board of Sun Yat-Sen University Cancer Centre and all the pa-
tients signed the informed consent to attend this study.

All the patients were treated with continuously definitive
radiotherapy with a daily fraction of 2.0 Gy and five fractions
per week by linear accelerator (6-8 MV). The radiation dose to
the nasopharynx, lymph node-positive area and lymph node-
negative area ranged from 60-78 Gy, 60-70 Gy and 50-60 Gy,
respectively. Radiotherapy was completed within 6-8 weeks.
The NPC patients with stage III, IV, or IV}, disease received
platinum-based chemotherapy. Two cycles of 5-fluorouracil
(5-FU) (4.0 g/m?) and cisplatin (80 mg/m?) every 3 weeks were
employed in inductive chemotherapy. Two to three cycles of
high-dose cisplatin (80 mg/m?) every 3 weeks were employed
in concurrent chemoradiotherapy.

2.2. Detection of sCCL2 and sTNF-a levels with enzyme-
linked immunosorbent assay (ELISA)

The concentrations of sCCL2 and sTNF-o were measured with
commercially available human CCL2 or TNF-a quantitative
ELISA kit (R&D Systems, Minneapolis, MN, USA) according
to the instructions provided by the manufacturer. After the
reaction, a value at wavelength of 450 nm was measured with
enzyme-linked spectrophotometer, and the concentrations of
sCCL2 and sTNF-o were calculated from the standard curves,
separately. All analyses were made in duplicate and the mean
value was used for statistical analysis.

2.3.  Statistical analysis

All statistical analyses were performed using SPSS 16.0 soft-
ware. The Chi-square test was used for comparison of data
among groups. The Spearman nonparametric rank correla-
tion test was used for bivariate correlation analysis. Relation-
ships between sCCL2 level or sTNF-a level and the clinical
characteristics were evaluated with the pearson ;? test.
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Means comparison was performed using a one-way ANOVA
test. Receiver operator characteristic (ROC) curves were con-
structed by plotting sensitivity versus (1-specificity), the areas
under the curves (AUC) were analysed with the Hanley and
McNeil method. Survival rates were assessed by life tables.
Kaplan-Meier analysis and Log-rank test were used to com-
pare the difference of survival rate. Multivariate analysis
was performed with the Cox proportional hazards model to
analyse factors related to prognosis. A two-tailed P-value less
than 0.05 was considered to be statistically significant.

3. Results

3.1.  Clinical characteristic and following-up

From February 2002 to October 2005, 297 eligible patients were
enroled in this study. Pathologic diagnosis was WHO type I in
47 cases and WHO type Il in 250 cases. According to the UICC

(2002) staging system of NPC, 4 patients were stage I, 44 pa-
tients were stage II, 143 patients were stage III and 106 pa-
tients were stage IV,,, (Table 1). Totally 201 patients were
diagnosed with skull base invasion by MRI, including 138 with
clivus invasion, 137 with base of sphenoid bone invasion, 80
with petrous apex invasion and 29 with pterygoid process
invasion. Among these patients, 81 patients with 1 site of
skull base invasion, 69 patients with 2 sites of skull base inva-
sion, 39 patients with 3 sites of skull base invasion and 12 pa-
tients with 4 sites of skull base invasion. With 2 sites of skull
base invasion as the median, we defined large skull base inva-
sion as more than two sites of skull base invasion and small
skull base invasion as no more than two sites of skull base
invasion.

All patients completed radical radiotherapy. Totally 244 pa-
tients received platinum-based chemotherapy, including 89
patients received inductive chemotherapy and radiotherapy,
61 patients received concurrent chemoradiotherapy and 94

Table 1 - Clinical characteristics of 297 NPC patients and their relationships with sCCL2 level or sSTNF-« level.

Clinical factor Cases (n=297) sCCL2 P-value STNF-o P- value

High level Low level High level Low level
n=161(54%) n=136(46%) n=130(44%) n=167(56%)

Sex

Male 227(76%) 121(40%) 106(36%) 0.573 106(36%) 121(40%) 0.067

Female 70(24%) 40(14%) 30(10%) 24(8%) 46(16%)

Ages (years)

<50 200(67%) 111(37%) 89(30%) 0.521 84(28%) 116(39%) 0.377

>50 97(33%) 50(17%) 47(16%) 46(16%) 51(17%)

T staging

T1+T2 92(31%) 51(17%) 41(14%) 0.776 36(12%) 56(19%) 0.900

T3 + T4 205(69%) 110(37%) 95(32%) 94(32%) 111(37%)

N staging

NO + N1 179(60%) 95(32%) 84(28%) 0.628 79(27%) 100(33%) 0.877

N2 + N3 118(40%) 66(22%) 52(18%) 51(17%) 67(23%)

Clinical staging

I+1I 48(16%) 26(8%) 22(8%) 0.995 17(6%) 31(10%) 0.203

I + IV, 249(84%) 135(46%) 114(38%) 113(38%) 136(46%)

Chemotherapy

No 53(18%) 33(11%) 20(7%) 0.107 22(8%) 31(10%) 0.663

Inductive 89(30%) 49(17%) 40(13%) 38(13%) 51(17%)

Concurrent 61(20%) 25(8%) 36(12%) 31(10%) 30(10%)

Inductive plus concurrent 94(32%) 54(18%) 40(14%) 39(13%) 55(19%)

Local-regional relapse

No 259(87%) 141(47%) 118(40%) 0.834 114(38%) 145(49%) 0.825

Yes 38(13%) 20(7%) 18(6%) 16(6%) 22(7%)

Distant metastasis

No 226(76%) 112(38%) 114(38%) 0.004 88(30%) 138(46%) 0.003

Yes 71(24%) 49(16%) 22(8%) 42(14%) 29(10%)

Progression

No 195(66%) 96(32%) 99(34%) 0.017 75(25%) 120(41%) 0.011

Yes 102(34%) 65(22%) 37(12%) 55(19%) 47(15%)

Death

No 217(73%) 105(35%) 112(38%) 0.001 83(28%) 134(45%) 0.002

Yes 80(27%) 56(19%) 24(8%) 47(16%) 33(11%)

Abbreviations: NPC, nasopharyngeal carcinoma; sCCL2, serum chemokine (C-C motif) ligand 2 or monocyte chemotactic protein-1; and sTNF-a,
serum tumour necrosis factor-alpha.




342

EUROPEAN JOURNAL OF CANCER 47 (20I1) 339-346

patients received inductive chemotherapy and concurrent
chemoradiotherapy. Five patients with stage III disease re-
fused chemotherapy and received radiotherapy alone.

All of the living patients were followed up at least
50 months (range from 50 months to 78 months with a med-
ian of 65 months). During the following period, totally 80 pa-
tients died, 77 patients died of disease recurrence and 3
patients died of non-neoplastic diseases. One hundred and
two patients developed disease recurrence, including 64 with
distant metastasis, 31 with local-regional relapse and 7 with
both distant metastasis and local-regional relapse. The
metastasis first occurred in bone alone in 17 patients, lung
alone in 13 patients, liver alone in 20 patients, multiple organs
in 19 patients (7 of them included bone metastasis) and other
organs including 1 case of mediastinal lymph node metasta-
sis and 1 case of pleural metastasis.

3.2.  Expression of sCCL2 and sTNF-a and their
relationships with each other and clinical characteristics

The median concentrations of sCCL2 and sTNF-a in the 297
NPC patients were 340ng/l (25-2038ng/l) and 427 ng/l
(21-1920 ng/1), respectively. When the concentrations of
SCCL2 and sTNF-a were analysed as continuous variables,
there were no significant differences found within the same
T/N/M classification patients regarding either marker. Also,
there was no correlation found between sCCL2 concentration
and sTNF-a concentration according to Spearman’s nonpara-
metric rank correlation test (P = 0.608). To further understand
their roles in bone invasion of NPC, we analysed the differ-
ences of sCCL2 and sTNF-o concentrations among patients
with different degrees of skull base invasion. The results
showed that NPC patients with large skull base invasion
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before treatment had higher concentrations of sCCL2 and
sTNF-o than those without skull base invasion or with small
skull base invasion (Fig. 1A, Table 2).

To find out the impact of expression levels of sCCL2 or
STNF-a to the survival of NPC patients, we constructed ROC
curves between death events and censors and selected
311 ng/l for sCCL2 and 454 ng/l for sTNF-o as the cut-off
points for the binary variables analysis. The patients were di-
vided into high level group and low level groups accordingly.
In the case of genders, ages, WHO pathological classification,
T staging, N staging, clinical staging, with or without chemo-
therapy and local-regional recurrence, there were no signifi-
cant differences found between high level group and low
level group. However, high sCCL2 and high sTNF-a level were
positively associated with post-treatment distant metastasis,
progression and poor survival (Table 1).

3.3. Prognostic value of sCCL2 level and sTNF-a level

To understand the impact of high or low sCCL2/STNF-u level
to the survival status of NPC patients, we analysed the 5-year
OS and 5-year DMFS of these patients with Kaplan-Meier
analysis. The results showed that both the 5-year OS and
the 5-year DMFS of high sCCL2 level group were significantly
lower than low sCCL2 level group (OS: 64% versus 81%,
P =0.001; DMFS: 67% versus 84%, P =0.003). Also, both the
5-year OS and the 5-year DMFS of high sTNF-a level group
were found significantly lower than low sTNF-a level group
(0S: 62% versus 79%, P=0.001; DMFS: 66% versus 82%,
P =0.001) (Fig. 2).

However, there were no significant differences found in
the 5-year LRRFS between the two groups regarding either
sCCL2 level or STNF-a level.
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Fig. 1 - Concentrations of serum CCL2 and serum TNF-« in patients with nasopharyngeal carcinoma regarding different skull
base invasion and distant metastatic status. (A) Pre-treatment concentrations of serum CCL2 and serum TNF-« in patient
with large skull base invasion were significantly higher than those without skull base invasion and small skull base
invasion. (B) Pre-treatment concentrations of serum CCL2 and serum TNF-« in patients who developed bone metastasis alone
after the treatment were significantly higher than those without metastasis.
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Table 2 - The mean concentrations of sCCL2 and sTNF-a within the same T/N/M classification and different degrees of skul

base invasion in NPC patients.

sCCL2 (pg/ml) P-value STNF-o (pg/ml) P-value
T classification
T1 (n=22) 331+ 187 0.357 468 + 255 0.385
T2 (n = 70) 414 + 264 436 + 239
T3 (n=119) 382 + 283 471 + 307
T4 (n = 86) 433+ 296 517 + 315
N classification
NO (n = 62) 353 +220 0.445 509 + 311 0.768
N1 (n=117) 425 + 303 463 + 295
N2 (n = 94) 402 + 286 475 + 269
N3 (n = 24) 400 + 233 455 £ 315
Clinical staging
Stage I (n=4) 399 + 209 0.597 513 + 276 0.303
Stage II (n = 44) 398 + 295 406 + 197
Stage III (n = 143) 380 + 268 475 + 294
Stage IVa,p (n = 106) 429 + 284 505 + 319
Skull base invasion
No (n =96) 380 + 254 0.012 436 + 245 0.000
Small (n = 150) 378 +276 431 + 249
Large (n=51) 505 + 303 681 + 389

Abbreviations: NPC, nasopharyngeal carcinoma; sCCL2, serum chemokine (C-C motif) ligand 2 or monocyte chemotactic protein-1; and sTNF-q,

serum tumour necrosis factor-alpha.

Since the similar prognostic roles of sCCL2 level and sTNF-
o level in NPC patients as we had found above, we expected
that combination of sCCL2 level and sTNF-a level to be a bet-
ter prognostic indicator. Further analysis showed that 5-year
OS and 5-year DMFS for both high patients, one marker high
patients and both low patients were 53% versus 77% versus
85% (P <0.001) and 58% versus 80% versus 86% (P < 0.001),
respectively, which could stratify the NPC patients into three
layers with different prognosis (Fig. 3).

3.4.  Mean concentration of sCCL2 or sSTNF-« expression
and bone metastasis

To determine if SCCL2 or sTNF-a was related to the specific or-
gan metastasis after treatment, we analysed the differences
of concentration of sCCL2 or sTNF-a as continuous variables
regarding to the different metastatic status. We found that
(a) both the mean concentration of sCCL2 and the mean con-
centration of sTNF-a in patients without metastasis were sig-
nificantly lower than those who developed bone metastasis
alone after treatment (sCCL2: 369 + 253 versus 537 + 168,
P =0.013; sTNF-o: 447 + 279 versus 701 + 351, P < 0.001); (b) no
significant difference of either sCCL2 mean concentration or
sTNF-o mean concentration was observed between patients
without metastasis and those who developed lung metastasis
alone, liver metastasis alone or multiple organ metastasis
(sCCL2: 369 = 253 versus 437 + 269 or versus 447 + 430.956 or
versus 568 + 361, P > 0.05; sTNF-o: 447 + 279 versus 474 + 250
or versus 549 + 370 or versus 525 + 239, P > 0.05) (Fig. 1B).

3.5. Cox proportional hazards model analyses

The associations of age, gender, WHO pathological classifica-
tion, T staging, N staging, clinical staging, chemotherapy,

sCCL2 level and sTNF-a level with 5-year OS and 5-year DMFS
were performed with Cox proportional hazards model analy-
ses. The analyses demonstrated that T staging, N staging,
clinical staging, chemotherapy, sCCL2 level and sTNF-ua level
were independent predictors of OS and DMFS of NPC patients
(Table 3).

4, Discussion

CCL2 is a member of the chemokine superfamily with a po-
tent chemoattractant for monocytes, natural killer cells and
memory T lymphocytes.® Its influence on tumourgenesis
and metastasis may occur through two distinct mechanisms:
(1) a direct effect on tumour cell growth and function and (2)
an indirect effect on the tumour microenvironment by the
regulation of macrophage mobilisation and infiltration into
the tumour stroma.''® Growing evidence suggests that
CCL2 may act as paracrine and autocrine factors on prostate
cancer and regulate the migration and invasive properties of
cancer cells, resulting in enhanced proliferation and invasion
of prostate cancer.'®

In this study, we first reported that sCCL2 concentration
before the treatment was a good indicator of post-treatment
survival and distant metastasis in NPC patients. The 5-year
OS and 5-year DMFS for high sCCL2 level group were much
lower than the low level group. But there was no significant
difference found in the 5-year LRRFS between the two groups.
Furthermore, we demonstrated that sCCL2 level was an inde-
pendent predictor of OS and DMFS of NPC patients by Cox
proportional hazards model analyses. Tang KF and colleagues
reported that expression of CCL2 was observed in 14 of 17
biopsies containing NPC tumour cells with variable intensities
but not in the four biopsies from NPC patients not containing
tumour cells.”” These suggested that the sCCL2 might be
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Fig. 2 - The 5-year overall survival and 5-year distant metastasis-free survival curves regarding to serum CCL2 level and
serum TNF-a level, respectively. (A,B) The 5-year overall survival and 5-year distant metastasis-free survival curves of high
sCCL2 level group and low sCCL2 level group. (G,D) The 5-year overall survival and 5-year distant metastasis-free survival

curves of high sTNF-« level group and low sTNF-« level group.

derived from the secretion of NPC cells and those cells might
be very important in the development of metastasis of NPC.

Experimental and clinical studies have confirmed that the
level of tumour-derived CCL2 is significantly correlated with
TAM density in ovarian cancer, breast cancer, oesophagus
cancer and so on.'®*2° It is well established that TAM can se-
cret a series of cytokines including TNF-o and vascular epithe-
lial growth factor (VEGF) in the tumour stroma and stimulate
the growth of tumour cells and/or promote tumour cell
migration and metastasis.”*"??> Regarding the close relation-
ship of CCL2 and TAMs, we detected the serum expression le-
vel of sTNF-a at the same time, which is one of the most
important cytokines secreted by the macrophage. We found
sTNF-o was also high expressed in some NPC patients and a
further analysis showed that the 5-year OS and 5-year DMFS
in the sTNF-a high level group were significantly lower than
the ones in the low level group. In addition, STNF-o level also

was an independent predictor of OS and DMFS in NPC pa-
tients. When we combined the two biomarkers as a prognos-
tic indicator, we found patients with both high levels of sCCL2
and sTNF-a had a worse prognosis than those with either high
or low level. There were almost half the patients with both
high levels of sCCL2 and sTNF-o who developed metastasis
after the treatment. These suggested sCCL2 and sTNF-o might
play very important roles in the development of metastasis.
LU and colleagues showed that monocytes can develop to
become osteoclasts and enhance bone metastasis of prostate
cancer under the stimulation of CCL2.?®> Bone is the most
common organ that gets involved when distant metastasis
developed in NPC. At the primary site, skull base easily got in-
volved in NPC patients. We suppose that high level of sCCL2
or sTNF-a might be closely related with the bone invasion
ability and the bone metastatic ability of NPC. In this research
we are among the first to show that NPC patients with large
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Fig. 3 — The 5-year overall survival and 5-year distant metastasis-free survival curves when combined serum CCL2 level and

serum TNF-o level as a prognostic indicator.

Table 3 — Multivariate analysis of Cox proportional hazards model for 5-year OS and 5-year DMFS (n = 297).

Prognosis factor Wald Sig Exp(B) 95% Confidence interval (CI) for Exp(B)
Lower Upper
oS
Age 3.653 0.056 1.565 0.989 2.476
Gender 2.715 0.099 0.604 0.331 1.100
WHO 0.494 0.482 0.818 0.467 1.433
T staging 9.629 0.002 2.174 1.331 3.550
N staging 8.941 0.003 1.640 1.186 2.268
Clinical staging 6.364 0.012 3.247 1.300 8.105
Chemotherapy 18.606 0.000 0.288 0.163 0.507
sCCL2 8.806 0.003 2.083 1.283 3.383
STNF-a 5.458 0.019 1.728 1.092 2.735
DMFS
Age 2.639 0.104 1.514 0.918 2.496
Gender 2.837 0.092 0.571 0.298 1.096
WHO 0.107 0.743 0.901 0.482 1.683
T staging 13.895 0.000 2.860 1.646 4.969
N staging 7.915 0.005 1.625 1.159 2.280
Clinical staging 20.038 0.000 9.695 3.586 26.211
Chemotherapy 44.725 0.000 0.132 0.073 0.239
sCCL2 6.157 0.013 1.916 1.146 3.201
STNF-a 5.000 0.025 1.762 1.072 2.894

Abbreviations: OS, overall survival, DMFS, distant metastasis-free survival; sCCL2, serum chemokine (C-C motif) ligand 2 or monocyte che-

motactic protein-1; and sTNF-o, serum tumour necrosis factor-alpha.

skull base invasion have higher concentrations of sCCL2 and
sTNF-o than those without or with small skull base invasion.
At the same time, the concentrations of sCCL2 and STNF-a
were not different within the same T/N/M classification. This
means that the concentration differences of sSCCL2 and sTNF-
o among patients with different degrees of skull base invasion
are not due to the different tumour burden. Additionally, the
pre-treatment concentrations of sCCL2 and sTNF-a in NPC pa-
tients who would develop bone metastasis alone were signif-
icantly higher than those who would not develop metastasis,
though with the limited 17 bone metastasis alone cases in our
study. Further research to confirm their roles in bone metas-

tasis are on the way. However, all these suggests that sCCL2
and sTNF-o might be specific biomarkers of bone invasion
ability and bone metastatic ability in NPC patients. We
hypothesised that high level of sCCL2 or sTNF-a might pre-
pare the ‘soil’ in the bone to facilitate the formation of bone
metastasis in NPC patients.

However, we cannot find the correlation between sCCL2
and sTNF-a in NPC patients. sCCL2 can be secreted by the nor-
mal cells such as bone marrow endothelial cells under stimu-
lation and also can be secreted by the tumour cells.?*? At the
same time, though macrophages are a major source of TNF-a,
a variety of other cells, including fibroblasts, astrocytes,



346 EUROPEAN JOURNAL OF GANCER 47 (2011) 339-346

Kupffer cells, smooth muscle cells, keratinocytes and tumour
cells can also secret TNF-0.2° These suggest that the sources
of sCCL2 and sTNF-a in NPC patients are very complicated
and may not be simply due to their relationship with TAMs.
With the fact that high levels of sCCL2 and sTNF-o predict
more distant metastasis, especially bone metastasis, we ex-
pect further researches about the mechanism of the two cyto-
kines in the distant metastasis of NPC.

Financial disclosure

There are no financial disclosures from any authors.

Conflict of interest statement

None declared.

Acknowledgements

This project has been funded from Sun Yat-Sen University
(No. 303041354002) and ‘863’ Plan of Ministry of Science and
Technology of the People’s Republic of China (No.
2006AA02A404).

REFERENCES

1. Hu W, Ding W, Yang H, et al. Weekly paclitaxel with
concurrent radiotherapy followed by adjuvant chemotherapy
in locally advanced nasopharyngeal carcinoma. Radiother
Oncol 2009;93:488-91.

2. Paget S. The distribution of secondary growths in cancer of
the breast. Cancer Metastasis Rev 1989;8:98-101.

3. Peng ], Ding T, Zheng LM, Shao JY. Influence of tumour-
associated macrophages on progression and prognosis of
nasopharyngeal carcinoma. Ai Zheng 2006;25:1340-5.

4. Bolat F, Kayaselcuk F, Nursal TZ, et al. Microvessel density,
VEGF expression, and tumour-associated macrophages in
breast tumours: correlations with prognostic parameters. J
Exp Clin Cancer Res 2006;25:365-72.

5. Lissbrant IF, Stattin P, Wikstrom P, et al. Tumour associated
macrophages in human prostate cancer: relation to
clinicopathological variables and survival. Int J Oncol
2000;17:445-51.

6. Matsushima K, Larsen CG, DuBois GC, Oppenheim JJ.
Purification and characterization of a novel monocyte
chemotactic and activating factor produced by a human
myelomonocytic cell line. ] Exp Med 1999;169:1485-90.

7. Ohta M, Kitadai Y, Tanaka S, et al. Monocyte chemoattractant
protein-1 expression correlates with macrophage infiltration
and tumour vascularity in human esophageal squamous cell
carcinomas. Int ] Cancer 2002;102:220-4.

8. Lu Y, Cai Z, Xiao G, et al. CCR2 expression correlates with
prostate cancer progression. J Cell Biochem 2007;101:676-85.

9. Loberg RD, Ying C, Craig M, et al. CCL2 as an important
mediator of prostate cancer growth in vivo through the
regulation of macrophage infiltration. Neoplasia 2007;9:556-62.

10. Ueno T, Toi M, Saji H, et al. Significance of macrophage
chemoattractant protein-1 in macrophage recruitment,
angiogenesis, and survival in human breast cancer. Clin
Cancer Res 2000;6:3282-9.

11. Nakashima J, Tachibana M, Ueno M, et al. Association
between tumour necrosis factor in serum and cachexia in
patients with prostate cancer. Clin Cancer Res
1998;4:1743-8.

12. Sati HA, Greaves M, Apperley JF, Russell RGG, Croucher PI.
Expression of interleukin-1b and tumour necrosis factor-a in
plasma cells from patients with multiple myeloma. Brit ]
Haematol 1999;104:350-7.

13. Hsiao SH, Lee MS, Lin HY, et al. Clinical significance of
measuring levels of tumour necrosis factor-alpha and soluble
interleukin-2 receptor in nasopharyngeal carcinoma. Acta
Otolaryngol 2009;23:1-5.

14. Loberg RD, Day LL, Harwood ], et al. CCL2 is a potent regulator
of prostate cancer cell migration and proliferation. Neoplasia
2006;8:578-86.

15. Pollard JW. Tumour-educated macrophages promote tumour
progression and metastasis. Nat Rev Cancer 2004;4:71-8.

16. Lu 'Y, Cai Z, Galson DL, et al. Monocyte chemotactic protain-1
(MCP-1) acts as a paracrine and autocrine factor for prostate
cancer growth and invasion. The prostate 2006;66:1311-8.

17. Tang KF, Tan SY, Chan SH, et al. A distinct expression of
CC chemokines by macrophages in nasopharyngeal
carcinoma: implication for the intense tumour infiltration
by T lymphocytes and macrophages. Human Pathol
2001;32:42-9.

18. Negus RP, Stamp GW, Relf MG, et al. The detection and
localization of monocyte chemoattractant protein-1 (MCP-1)
in human ovarian cancer. J Clin Invest 1995;95:2391-6.

19. Ohta M, Kitadai Y, Tanaka S, et al. Monocyte chemoattractant
protein-1 expression correlates with macrophage infiltration
and tumour vascularity in human esophageal squamous cell
carcinomas. Int ] Cancer 2002;102:220-4.

20. Valkovic T, Lucin K, Krstulja M, Dobi-Babic R, Jonjic N.
Expression of monocyte chemotactic protein-1 in human
invasive ductal breast cancer. Pathol Res Pract 1998;194:335-40.

21. Qian BZ, Pollard JW. Macrophage diversity enhances tumour
progression and metastasis. Cell 2010;141:39-51.

22. Sica A, Schioppa T, Mantovani A, Allavena P. Tumour-
associated macrophages are a distinct M2 polarised
population promoting tumour progression: potential targets
of anti-cancer therapy. Eur ] Cancer 2006;42:717-27.

23. Lu Y, Cai Z, Xiao G, et al. Monocyte chemotactic protein-1
mediates prostate cancer-induced bone resorption. Cancer Res
2007;67:3646-53.

24. Vanderkerken K, Vande Broek I, Eizirik DL, et al. Monocyte
chemoattractant protein-1 (MCP-1), secreted by bone marrow
endothelial cells, induces chemoattraction of 5T multiple
myeloma cells. Clin Exp Metastasis 2002;19:87-90.

25. Craig MJ, Loberg RD. CCL2 (monocyte chemoattractant
protein-1) in cancer bone metastasis. Cancer Metastasis Rev
2006;25:611-9.

26. Miles DW, Happerfield LC, Naylor MS, et al. Expression of
tumour necrosis factor (TNFa) and its receptors in benign and
malignant breast tissue. Int ] Cancer 1994;56:777-82.



	Serum CCL2 and serum TNF-α – Two new biomarkers 
	Introduction
	Experimental design
	Patients and sera
	Detection of sCCL2 and sTNF-α levels with enzyme
	Statistical analysis

	Results
	Clinical characteristic and following-up
	Expression of sCCL2 and sTNF-α and their relatio
	Prognostic value of sCCL2 level and sTNF-α level
	Mean concentration of sCCL2 or sTNF-α expression
	Cox proportional hazards model analyses

	Discussion
	Financial disclosure
	Conflict of interest statement
	Acknowledgements
	References


