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Increased expression of interleukin-8 is an independent
indicator of poor prognosis in clear-cell renal cell carcinoma
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Abstract On the basis of aberrant interleukin-8 (IL-8) expres-
sion, a crucial angiogenesis factor and potential therapeutic tar-
get, in clear-cell renal cell carcinoma (ccRCC), this study aims to
assess the prognostic significance of IL-8 in ccRCC. This retro-
spective study enrolled 271 patients who underwent nephrecto-
my for ccRCC in a single institution. The associations of IL-8
expression with clinical and pathological features were assessed
using chi-squared tests. The impact on cancer-specific survival
(CSS) and relapse-free survival (RFS) was analyzed using
univariable and multivariable Cox regression models. The area
under the receiver operating characteristic (ROC) curve (AUC)
was used as an index of prognostic performance. Intratumoral
IL-8 was found to be significantly elevated in ccRCC tissues
compared with peritumor tissue and be predominately localized
in the cytoplasm. Moreover, high IL-8 expression was positively
correlated with Fuhrman grade (P<0.001). Multivariate Cox
regression analysis identified IL-8 as an independent adverse
prognostic factor of CSS (P<0.001) and RFS (P<0.001), which
could be incorporated into the traditional TNM staging system to
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improve the prognostic value for CSS and RFS in ccRCC pa-
tients. The predictive accuracy of traditional TNM stage model
was significantly improved when IL-8 expression was added.
Increased expression of IL-8 is a potential independent adverse
prognostic biomarker for CSS and RFS in patients with ccRCC
after nephrectomy.
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Introduction

Clear-cell renal cell carcinoma (ccRCC) is the most common
subtype of kidney cancer [1]. ccRCC patients (20~30 %) have
incurable advanced disease with limited therapeutic options at
diagnosis; none of the cytotoxic drugs demonstrated any repro-
ducible efficacy, so new treatment approaches such as targeted
therapy are urgently required [2]. The aggressive nature of
ccRCC has been shown to be related to numerous abnormali-
ties in growth factors and their receptors, which confers a tre-
mendous growth advantage to a variety of malignant cells [3].
There is strong evidence showing that intratumoral genetic and
epigenetic heterogeneity plays a significant role in ccRCC
prognostic and the development of therapeutic resistance [4,
5]. Apparently, further investigation is warranted to elucidate
the potential mechanism of intratumoral genetic and epigenetic
heterogeneity to improve the prognosis and provide novel ther-
apeutic targets for ccRCC patients.

The CXC chemokine interleukin-8 (IL-8 or CXCLS),
which was originally known as neutrophil chemotactic and
inflammatory factor, has also shown to be a potent promoter
of angiogenesis [6, 7]. IL-8 is produced by cells with toll-like
receptor (e.g., macrophages) exposed in the innate immune
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response [8]. IL-8 has a series of physiological responses in
target cells; it activates neutrophils inducing, intracellular
Ca®" increasing, chemotaxis, exocytosis, and the respiratory
burst [9]. Moreover, both monomer and homodimer forms of
IL-8 have been reported to induce multiple intracellular sig-
naling downstream of two G protein-coupled receptors
(CXCRI and CXCR2) [10] that impinge on gene expression,
modulate the cellular proteome, and affect the organization of
the cell cytoskeleton [11]. Overexpression of IL-8 has been
verified in cancer cells. The secretion of IL-8 from cancer cells
may function as a key regulatory factor in tumor microenvi-
ronment, owing to the expression of CXCR1 and CXCR2 on
cancer cells, endothelial cells, infiltrating neutrophils, and
tumor-associated macrophages [11-15].

Fig. 1 IL-8 expression in tumor
tissues from ccRCC patients. a—d
Representative microphotographs
of tumor tissues with intratumoral
IL-8 expression in TNM stage I
(a), TNM stage II (b), TNM stage
I (¢), and TNM stage IV (d). ¢, d
The percentage of patients with
low or high intratumoral IL-8
intensity according to TNM stage
(e) and Fuhrman grade (f).
Original magnificent (x200)

Previous studies have shown that IL-8 not only contributes
to tumor angiogenesis, but also plays a role in tumor prolifer-
ation. Konig and colleges found for the first time that IL-8 was
significantly upregulated in malignant cells unlike in normal
renal tubule cells [16]. Mestas et al. clarified that CXCLS8/
CXCR?2 biological axis in kidney cancer played an important
role in the process of angiogenesis and tumor formation [17].
Moreover, higher microvessel density was found in sunitinib-
resistant tumors, coinciding with increased secretion of 1L-8
[7]. Renaud Grepin et al. showed that in two kinds of IL-8
receptor CXCR1 and CXCR2 abnormally expressed in
¢cRCC tumor cells, their inhibitor SB225002 could effective-
ly inhibit tumor cell proliferation and promote apoptosis [18].
Kidney cancer cells could be induced to secrete IL-8 by
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induction of IL-17 from tumor-reactive T cells, which con-
firmed that RCC cells can be used as a source of the IL-8 in
tumor microenvironment [19]. Despite the high expression
and secretion of IL-8 in ccRCC, the clinical significance of
IL-8 overexpression, underlying molecular mechanism and its
correlation with ccRCC progression, remains largely un-
known and needs to be further verified.

In this study, we analyzed the expression of IL-8 by immu-
nohistochemical analysis in ccRCC samples and their associ-
ations with clinicopathologic characteristics and clinical out-
comes. IL-8 overexpression can be used as an independent
prognostic factor and incorporated with traditional TNM stag-
ing system to improve predictive accuracy of well-established
TNM staging system in ccRCC patients.

Materials and methods
Patients

A total of 271 patients with localized ccRCC who re-
ceived radical or partial nephrectomy at Zhongshan hos-
pital, Fudan University (Shanghai, China) between 2001
and 2004 were enrolled in this study. The study was ap-
proved by the research medical ethics committee of Fudan
University, and informed consent was obtained from each
patient. Patients who received preoperative neoadjuvant
or postoperative adjuvant therapy were excluded.
Clinicopathological variables including age, gender,
Eastern Cooperative Oncology Group Performance
Status (ECOG-PS), tumor size, TNM stage, Fuhrman
grade, and necrosis were collected. Patients were
reassigned according to 2010 AJCC TNM classification.
Survival status of each patient was updated in October
2013. Cancer-specific survival (CSS) was calculated from
the date of surgery to date of death from RCC.
Recurrence-free survival (RFS) was calculated from the
date of curative surgery to date of recurrence. Median
follow-up period was 92 months (range, 12—120) and
80 months (range, 30—118).

Immunohistochemistry

Tissue microarrays were constructed as previously
described''. Primary anti-IL-8 antibody (ab18672; dilution
1:200; Abcam, Cambridge, MA, USA) was applied for im-
munohistochemistry (IHC) staining according to the proce-
dure as previously described'?. The staining intensity of each
specimen was assessed by two pathologists blinded to the
outcome information. A semi-quantitative H-score that ranged
from 0 to 300 was calculated for each specimen by multiply-
ing the distribution areas (0—100 %) at each staining intensity
level by the intensities (0, below the level of detection; 1, weak

staining; 2, moderate staining; 3, strong staining) . We se-
lected the optimum cutoff score (140) for the expression of IL-
8 using X-tile software version 3.6.1 (Yale University School
of Medicine, New Haven, CT, USA) based on the association
with the patients’ CSS.

Table 1 Correlation between IL-8 expression and clinical
characteristics of patient with clear cell renal cell carcinoma
Variable n=271
No. % Low High P
(n=143) (n=128)
Mean age, years * 558112 57.3+132 0.209
Gender 0.386
Male 190 70.1 97 93
Female 81 299 46 35
ECOG-PS 0.155
0 222 819 122 100
>1 49 181 21 28
Mean tumor size, cm® 4.1£2.1 5.5+3.1 0.088
T stage 0.077
la 98 362 59 39
1b 75 277 40 35
2a 25 92 13 12
2b 7 26 3 4
3 60 221 26 34
4 6 22 2 4
N stage 0.670
NO 266 98.2 141 125
N1 5 18 2 3
M stage 0.395
MO 258 952 138 120
M1 13 48 5 8
TNM stage 0.302
I 167 61.6 95 72
I 29 107 15 14
I 60 222 27 33
v 15 55 6 9
Fuhrman grade <0.001
1 48 177 34 14
2 123 454 68 55
3 66 244 34 32
4 34 125 7 27
Necrosis 0.063
Absent 207 764 116 91
Present 64 236 27 37

ECOG-PS Eastern Cooperative Oncology Group performance status,
UISS UCLA Integrated Staging System, SSIGN stage, size, grade, and
necrosis

# The results of continuous variables are presented as mean+SD (standard
deviation)
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Statistical analysis

Analysis was performed with SPSS for windows (ver-
sion 21.0; SPSS Inc., Chicago, IL), Medcalc for win-
dows (version 12.7.0.0; MedCalc Software, Mariakerke,
Belgium), and Stata for windows (version 12.0; Stata
software, College Station, TX). Pearson x> test or
Fisher’s exact test was used to compare qualitative var-
iables. Survival curves were calculated by Kaplan-Meier

Fig. 2 Kaplan-Meier analysis of
CSS and RFS according to IL-8
expression in ccRCC patients.
a—c Kaplan-Meier analysis of
CSS according to IL-8 expression
in ccRCC patients (a, all ccRCC
patients for CSS, n=271,
P<0.001; b, TNM stage I+II
ccRCC patients for CSS, n=196,
P<0.001; ¢, TNM stage III+1V
ccRCC patients for CSS, n=75,
P=0.007). d—f Kaplan-Meier
analysis of RFS according to IL-8
expression in ccRCC patients (a,
all ccRCC patients for RFS,
n=255, P<0.001; b, pathological
T1-2NOMO ccRCC patients for
RFS, n=196, P<0.001; ¢,
pathological T3-4NOMO ccRCC
patients for RFS, n=59,
P=0.023). P value was calculated
by Log-rank test
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method and compared by log-rank test. Numbers at risk
were calculated at the beginning of each time period.
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Univariate and multivariate Cox proportional-hazard
models were used to evaluate the hazard ratios of prog-
nostic factors. Receiver operating characteristic (ROC)
curve analysis was used to determine the predictive val-
ue of the parameters. All P values were two-sided, and
differences were considered statistically significant at
values of P<0.05.
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Results
Immunohistochemical findings

IL-8 expression was determined in 271 matched surgical spec-
imens from primary ccRCC patients by IHC staining, and the
correlations between IL-8 expression and clinical and patho-
logical characteristics were analyzed. As shown in Fig. la—d,
the expression of IL-8 is mainly located in the cell cytoplasm
and membrane of tumor area and showed variable intensity. In
addition, the percentage of patient with high IL-8 expression
increased accompanied with disease progression (Fig. le, f),
even though the association did not reach statistical signifi-
cance between IL-8 expression and TNM stage. A total of 128
(47.2 %) patients were scored as high IL-8 expression.
Moreover, IL-8 expression was significantly associated with
Fuhrman grade (Table 1, P<0.001). Taken together, these re-
sults indicated that IL-8 expression might correlate with
ccRCC progression.

Correlations between IL-8 expression with clinical
outcomes

To assess the prognostic significance of IL-8 expression in
patients with ccRCC, we applied Kaplan-Meier survival

analysis to compare the CSS and RFS according to IL-8 ex-
pression. The patients with high IL-8 expression had signifi-
cantly shorter CSS (Fig. 2a, P<0.001) and RFS (Fig. 2d,
P<0.001) compared with those with low IL-8 expression.
When stratified by TNM stage, IL-8 expression could still
separate patients with different prognosis. As shown in
Fig. 2b, c, IL-8 expression shows prognostic significance with
CSS in both TNM stage I+II (P<0.0001, Fig. 2b) and TNM
stage III+IV (P=0.007, Fig. 2c). Similarly for RFS, in both
T1-2NOMO and T3-4NOMO, IL-8 low expression had a great-
er survival benefit compared with high expression (P<0.001
and P=0.023, respectively, Fig. 2¢, f). These results indicated
that elevated IL-8 expression was a biomarker for unfavorable
prognosis in ccRCC patients.

IL-8 expression is an independent prognostic factor

To identify the prognostic significance of clinicopathological
factors for CSS and RFS, univariate Cox analysis showed that
clinicopathologic factors statistically significantly associated
with short CSS and RFS (Table 2) were ECOG-PS (>1), tumor
size, TNM stage(IlI+1V) for CSS and T stage (3+4) for RFS,
Fuhrman grade (3+4), necrosis (yes), and 1L-8 expression
(high). No association with CSS and RFS was observed for
age or gender. Cox multivariate regression analysis showed

Table 2 Univariate and
multivariate Cox regression
analysis for cancer-specific
survival and relapse-free survival

Variable

Univariate Multivariate

HR (95 % CI) P HR (95 % CI) P

Cancer-specific survival
Age (years)*
Gender (female vs male)
ECOG-PS (=1 vs 0)
Tumor size (cm)*
TNM stage (IN+IV vs I+ IT)
Fuhrman grade (3+4 vs 1+2)
Necrosis (yes vs no)
IL-8 (high vs low)
Relapse-free survival®
Age (years)*
Gender (female vs male)
ECOG-PS (=1 vs 0)
Tumor size (cm)*
T stage (3+4 vs 1+2)
Fuhrman grade (3+4 vs 1+2)
Necrosis (yes vs no)
IL-8 (high vs low)

1.020(1.000-1.040) 0.048

1.137(0.688-1.880) 0.616

3.570(2.244-5.678) <0.001 1.877(1.132-3.111) 0.015
1.197(1.118-1.281) <0.001 1.065(0.978-1.160) 0.146
4.726(2.999-7.447) <0.001 3.525(2.195-5.660) <0.001
2.829(1.793-4.464) <0.001 2.053(1.281-3.291) 0.003
2.463(1.548-3.917) <0.001 1.561(0.964-2.528) 0.070
4.413(2.596-7.501) <0.001 2.924(1.676-5.100) <0.001
1.013(0.994-1.032) 0.192

0.744(0.472-1.172) 0.202

2.597(1.600-4.216) <0.001 2.070(1.312-3.266) 0.002
1.170(1.093-1.253) <0.001 1.089(1.011-1.173) 0.025
2.985(1.980-4.501) <0.001 2.225(1.453-3.407) <0.001
2.696(1.739-4.178) <0.001 2.309(1.516-3.519) <0.001
1.945(1.218-3.105) 0.005 1.270(0.811-1.989) 0.296
3.329(2.074-5.344) <0.001 2.060(1.304-3.255) 0.002

HR hazard ratio, 95 % CI 95 % confidence interval, ECOG-PS Eastern Cooperative Oncology Group perfor-

mance status

@ Factors were treated as continuous variables

®For relapse-free survival, patients with metastasis were excluded, n=255
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that ECOG-PS, TNM stage (CSS) and T stage (RFS),
Fuhrman grade, and IL-8 expression were all significantly
associated with short CSS and RFS. Conclusively,
intratumoral IL-8 expression may be a novel independent
prognostic factor for ccRCC patients.

Extension of the TNM stage with IL-8 expression

To generate a more sensitive predictive model for outcomes of
patients with ccRCC, we combined IL-8 expression with TNM
stage to create a prognostic model. ROC analysis was used to
compare the prognostic capability. The combination of IL-8 ex-
pression and TNM stage (AUC 0.807) showed a better prognos-
tic value with CSS compared with TNM stage (AUC 0.714,
P<0.001) or IL-8 expression (AUC 0.702, P<0.001) alone
(Fig. 3a). Similarly, TNM stage combined with IL-8 expression
(AUC 0.754) also revealed an improved predictive accuracy
compared with TNM stage (AUC 0.673, P<0.001) or IL-8 ex-
pression (AUC 0.668, P=0.003) alone for RFS (Fig. 3b).
Therefore, these results demonstrated that combination of IL-8
and TNM stage could generate a better prognostic model for
ccRCC patients.

Discussion

Our study confirmed the biological and prognostic signifi-
cance of IL-8 in ccRCC and provided evidence for its use to
stratify patients with different prognoses after surgical resec-
tion. To our knowledge, this study was the first to demonstrate
the association between IL-8 expression and a greater risk of
mortality and recurrence in ccRCC patients following surgery.
Furthermore, the incorporation of IL-8 into the TNM staging
system led to a more accurate risk classification after surgery.
IL-8, also known as CXCLS, is a proinflammatory CXC
chemokine involved in the promotion of neutrophil chemotaxis
and degranulation. It exerts its biological effect by binding to two
cell surface, G-protein-coupled receptors (CXCR1 and CXCR?2),
activating the multiple intracellular signaling pathways. Elevated
expression of IL-8 and its receptors has been observed in endo-
thelial cells, neutrophils, tumor-associated macrophages, and
cancer cells. Generated by autocrine/paracrine, IL-8 signaling
pathway has been proven to play critical roles in tumor prolifer-
ation [20, 21], migration [22], invasion [23], and anti-apoptosis
[24] in cancer cell lines. While in xenograft or orthotopic models,
IL-8 was shown to promote angiogenesis, tumorigenicity, and
metastatic potential in many series of solid tumors [25-27].
Consistent with a previously published data, IL-8 was
overexpressed in RCC [16]. Here, we further investigated
the prognostic significance of IL-8 expression in 271 ¢ccRCC
patients. We found that high IL-8 expression was more likely
to be seen in ccRCC patients with and advanced TNM stage
and high Fuhrman grade. Previous studies indicated the IL-8
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Fig. 3 ROC analysis for the predictive value of IL-8 expression for CSS
and RFS in ccRCC patients. Receiver operating characteristic analysis of
the sensitivity and specificity for the predictive value for CSS (a) and RFS
(b) of combined TNM stage and IL-8 stratification model, TNM stage
model, IL-8 model. P value <0.05 was considered statistically significant

overexpression contributes to tumor progression, angiogene-
sis, and metastasis in RCC [16, 17, 28]. A recent study dem-
onstrated that an increased secretion of IL-8 is associated with
a sunitinib resistance in human ccRCC [7], suggesting that IL-
8 has a critical role in tumor progression and drug resistance.
Strategies to inhibit IL-8 signaling may sensitize hypoxic tu-
mor cells to conventional treatments.

Angiogenesis is indispensable for the growth of solid tu-
mors, and the metastatic potential of primary tumors is highly
correlated with the degree of tumor-associated angiogenesis.
We speculate that optimal use of IL-8 neutralizing antibodies
might prevent tumor growth and metastasis. There is evidence
that blocking IL-8 signaling with neutralizing antibodies can
inhibit the angiogenesis, proliferation, invasion, and metasta-
sis of tumor cells in melanoma and bladder cancer [25, 27].

The major limitations of this study are the retrospective
design in nature and the relatively small size of the cohort. A
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multicenter, prospective study is warranted to validate these
results in a larger cohort in the future. The expression of IL-8
is subjectively analyzed. Furthermore, the IL-8/CXCR1/
CXCR?2 axis is a key component implicated in tumor devel-
opment among CXC chemokine family; the clinical and prog-
nostic implications of IL-8/CXCR1/CXCR2 axis in patients
with ccRCC remain to be evaluated.

Conclusions

Our present study demonstrated that IL-8 expression is an
unfavorable independent prognostic factor for CSS and RFS
in ccRCC patients. The prognostic capability of TNM staging
system was significantly improved when the IL-8 expression
was incorporated. Inhibiting the effects of IL-8 signaling may
be a potential therapeutic intervention for ccRCC.

Funding This work was supported by grants from National Natural
Science Foundation of China (31100629, 31270863, 81471621,
81472227, 81402082 and 81402085), Program for New Century
Excellent Talents in University (NCET-13-0146), Shanghai Rising-Star
Program (13QA1400300), and Shanghai Municipal Commission of
Health and Family Planning Program (20144Y0223). All these study
sponsors have no roles in the study design, in the collection, analysis,
and interpretation of data.

Conlflicts of interest None

References

1. Ljungberg B, Campbell SC, Choi HY, Jacqmin D, Lee JE, Weikert
S, et al. The epidemiology of renal cell carcinoma. Eur Urol.
2011;60:615-21.

2. Sun M, Lughezzani G, Perrotte P, Karakiewicz PI. Treatment of
metastatic renal cell carcinoma. Nat Rev Urol. 2010;7:327-38.

3. Xie K. Interleukin-8 and human cancer biology. Cytokine Growth
Factor Rev. 2001;12:375-91.

4. Takahashi M, Rhodes DR, Furge KA, Kanayama H, Kagawa S,
Haab BB, et al. Gene expression profiling of clear cell renal cell
carcinoma: gene identification and prognostic classification. Proc
Natl Acad Sci U S A. 2001;98:9754-9.

5. Malouf GG, Monzon FA, Couturier J, Molinie V, Escudier B, Camparo
P, et al. Genomic heterogeneity of translocation renal cell carcinoma.
Clin Cancer Res Off ] Am Assoc Cancer Res. 2013;19:4673-84.

6. Sparmann A, Bar-Sagi D. Ras-induced interleukin-8 expression
plays a critical role in tumor growth and angiogenesis. Cancer
Cell. 2004;6:447-58.

7. Huang D, Ding Y, Zhou M, Rini BI, Petillo D, Qian CN, et al.
Interleukin-8 mediates resistance to antiangiogenic agent sunitinib
in renal cell carcinoma. Cancer Res. 2010;70:1063-71.

8. Aderem A, Ulevitch RJ. Toll-like receptors in the induction of the
innate immune response. Nature. 2000;406:782—7.

9. Baggiolini M, Clark-Lewis 1. Interleukin-8, a chemotactic and in-
flammatory cytokine. FEBS Lett. 1992;307:97-101.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Holmes WE, Lee J, Kuang WJ, Rice GC, Wood WI. Structure and
functional expression of a human interleukin-8 receptor. Science.
1991;253:1278-80.

Waugh DJ, Wilson C. The interleukin-8 pathway in cancer. Clin
Cancer Res Off J] Am Assoc Cancer Res. 2008;14:6735-41.
Abraham RT. Chemokine to the rescue: interleukin-8 mediates re-
sistance to pi3k-pathway-targeted therapy in breast cancer. Cancer
Cell. 2012;22:703-5.

Chavey C, Muhlbauer M, Bossard C, Freund A, Durand S,
Jorgensen C, et al. Interleukin-8 expression is regulated by histone
deacetylases through the nuclear factor-kappab pathway in breast
cancer. Mol Pharmacol. 2008;74:1359-66.

Zhang Y, Wang L, Zhang M, Jin M, Bai C, Wang X. Potential
mechanism of interleukin-8 production from lung cancer cells: an
involvement of egf-egfr-pi3k-akt-erk pathway. J Cell Physiol.
2012;227:35-43.

Murphy C, McGurk M, Pettigrew J, Santinelli A, Mazzucchelli R,
Johnston PG, et al. Nonapical and cytoplasmic expression of inter-
leukin-8, cxcrl, and cxcr2 correlates with cell proliferation and
microvessel density in prostate cancer. Clin Cancer Res Off ] Am
Assoc Cancer Res. 2005;11:4117-27.

Konig B, Steinbach F, Janocha B, Drynda A, Stumm M, Philipp C, et al.
The differential expression of proinflammatory cytokines il-6, il-8 and
tnf-alpha in renal cell carcinoma. Anticancer Res. 1999;19:1519-24.
Mestas J, Burdick MD, Reckamp K, Pantuck A, Figlin RA, Strieter
RM. The role of cxcr2/cxcr2 ligand biological axis in renal cell
carcinoma. J Immunol. 2005;175:5351-7.

Grepin R, Guyot M, Giuliano S, Boncompagni M, Ambrosetti D,
Chamorey E, et al. The cxcl7/cxcrl/2 axis is a key driver in the growth
of clear cell renal cell carcinoma. Cancer Res. 2014;74:873-83.
Inozume T, Hanada K, Wang QJ, Yang JC. 11-17 secreted by tumor
reactive t cells induces il-8 release by human renal cancer cells. J
Immunother. 2009;32:109-17.

Takamori H, Oades ZG, Hoch OC, Burger M, Schraufstatter [U.
Autocrine growth effect of il-8 and groalpha on a human pancreatic
cancer cell line, capan-1. Pancreas. 2000;21:52—6.

Brew R, Erikson JS, West DC, Kinsella AR, Slavin J, Christmas
SE. Interleukin-8 as an autocrine growth factor for human colon
carcinoma cells in vitro. Cytokine. 2000;12:78-85.

Lang K, Niggemann B, Zanker KS, Entschladen F. Signal process-
ing in migrating t24 human bladder carcinoma cells: role of the
autocrine interleukin-8 loop. Int J Cancer. 2002;99:673-80.

Yao C, Lin Y, Chua MS, Ye CS, Bi J, Li W, et al. Interleukin-8
modulates growth and invasiveness of estrogen receptor-negative
breast cancer cells. Int J Cancer. 2007;121:1949-57.

Maxwell PJ, Gallagher R, Seaton A, Wilson C, Scullin P, Pettigrew
J, et al. Hif-1 and nf-kappab-mediated upregulation of cxcrl and
cxcr2 expression promotes cell survival in hypoxic prostate cancer
cells. Oncogene. 2007;26:7333-45.

Huang S, Mills L, Mian B, Tellez C, McCarty M, Yang XD, et al.
Fully humanized neutralizing antibodies to interleukin-8 (abx-il8)
inhibit angiogenesis, tumor growth, and metastasis of human mel-
anoma. Am J Pathol. 2002;161:125-34.

Shi Q, Abbruzzese JL, Huang S, Fidler 1J, Xiong Q, Xie K. Constitutive
and inducible interleukin 8 expression by hypoxia and acidosis renders
human pancreatic cancer cells more tumorigenic and metastatic. Clin
Cancer Res Off ] Am Assoc Cancer Res. 1999;5:3711-21.

Mian BM, Dinney CP, Bermejo CE, Sweeney P, Tellez C, Yang
XD, et al. Fully human anti-interleukin 8 antibody inhibits tumor
growth in orthotopic bladder cancer xenografts via down-regulation
of matrix metalloproteases and nuclear factor-kappab. Clin Cancer
Res Off ] Am Assoc Cancer Res. 2003;9:3167-75.

Slaton JW, Inoue K, Perrotte P, EI-Naggar AK, Swanson DA, Fidler
1J, et al. Expression levels of genes that regulate metastasis and
angiogenesis correlate with advanced pathological stage of renal
cell carcinoma. Am J Pathol. 2001;158:735-43.

@ Springer



	Increased expression of interleukin-8 is an independent indicator of poor prognosis in clear-cell renal cell carcinoma
	Abstract
	Introduction
	Materials and methods
	Patients
	Immunohistochemistry
	Statistical analysis

	Results
	Immunohistochemical findings
	Correlations between IL-8 expression with clinical outcomes
	IL-8 expression is an independent prognostic factor
	Extension of the TNM stage with IL-8 expression

	Discussion
	Conclusions
	References


