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ABSTRACT:
Purpose: The signal transducer and activator of transcription 3 (STAT3) is a 
key molecular hub of tumorigenesis and immune suppression. The expression 
of phosphorylated STAT3 (p-STAT3) has been shown to be higher in melanoma 
metastasis to the central nervous system (CNS) relative to distant metastasis in the 
rest of the body (systemic). We sought to determine whether the increased expression 
of p-STAT3 in non-CNS systemic melanoma metastasis is associated with an increased 
risk of developing CNS metastasis and is a negative prognostic factor for overall 
survival time. 
Methods: We retrospectively identified 299 patients with stage IV melanoma. In a 
tissue microarray of systemic non-CNS metastasis specimens from these patients, we 
used immunohistochemical analysis to measure the percentage of cells with p-STAT3 
expression and Kaplan–Meier survival estimates to analyze the association of p-STAT3 
expression with median survival time, time to first CNS metastasis, and development 
of CNS metastasis. 
Results: Lung metastases exhibited the highest level of p-STAT3 expression while 
spleen lesions had the lowest. The p-STAT3 expression was not associated with an 
increased risk of developing CNS metastasis or time to CNS metastasis. However, 
p-STAT3 expression was a negative prognostic factor for overall survival time in 
patients that did not develop CNS metastasis. 
Conclusions: Stage IV melanoma patients without CNS metastasis treated with 
p-STAT3 inhibitors in efficacy studies should be stratified based on tumor expression 
of p-STAT3; however since p-STAT3 expression is not associated with the risk of CNS 
disease, increased MRI surveillance of the brain is not likely necessary.

INTRODUCTION

Although very early stage melanoma has an 
excellent prognosis, with 10-year survival rates as high 
as 95%, once distant metastases develop, survival drops 
to 8-20% at 10 years [1]. Unfortunately, melanoma has 

a high propensity to metastasize to the central nervous 
system (CNS). It is the third most common cause of brain 
metastases, after lung cancer and breast cancer [2]. In fact, 
over their lifetime, CNS involvement is reported in 46% of 
melanoma patients [3, 4]. The incidence of CNS metastasis 
in melanoma patients ranges from 50% to 70% in autopsy 
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series [5, 6]. Once melanoma has metastasized to the brain, 
the prognosis is dismal despite multi-modality therapy. 
CNS recurrence is often the first site of progression seen 
in up to 25% of responsive patients [7] and the median 
survival time in melanoma is approximately 5 months in 
large published series [8]. As many as 70% of patients 
who develop CNS metastases have multiple symptomatic 
lesions  and hence are often ineligible for clinical trials 
[9]. As such, the determination of the factors leading to the 
development of distant melanoma metastases, especially 
CNS metastases, and the elucidation of potential agents 
to block the effects of these factors is an area of intense 
investigation. 

A key transcription factor, STAT3, has been shown 
to drive the fundamental components of tumorigenesis 
and metastasis by preventing apoptosis (by increasing 
expression of survivin, BCL-XL, and MCL1) and 
enhancing proliferation (by increasing expression of c-Myc 
and cyclin D1/D2) [10], angiogenesis (by increasing 
expression of VEGF and hypoxia-inducible factor-1α), 
and metastasis (by increasing expression of MMP-2 and 
MMP-9) [11, 12]. Growth factors and cytokines, including 
interleukin (IL)-6, can activate STAT3 by phosphorylating 
the tyrosine residue in the STAT3 transactivation domain 
[13]. The p-STAT3 then translocates into the nucleus and 
induces the expression of a variety of target genes. STAT3 

is constitutively overexpressed in many different cancers; 
in melanoma, 81% of CNS metastases express activated 
STAT3 [14]. Preclinical studies using decoy antisense 
STAT3 oligonucleotides, dominant-negative vectors, 
and small-molecule inhibitors have provided convincing 
evidence that STAT3 is highly relevant to the growth 
and survival of many tumor types [15-21], in vitro and in 
vivo. Likewise, over expression of a constitutively active 
p-STAT3 mutant has been found to induce tumor growth in 
murine and in vitro studies [22, 23]. Furthermore, STAT3 
has been shown to be a key regulator of tumor-mediated 
immune suppression [24, 25]. Xie et al. demonstrated that 
highly metastatic melanoma cell lines have higher levels of 
p-STAT3 than do poorly metastatic ones [26]. In addition, 
by blocking activated p-STAT3 in highly metastatic 
melanoma cells, the invasiveness and tumor growth were 
significantly suppressed. Consequently, metastases were 
able to be prevented in nude mice implicating p-STAT3 
in the development of distant metastasis [26]. Finally, 
p-STAT3 levels have been found to be higher in brain 
metastases than in cutaneous primary melanomas [14], 
further highlighting the possible role of p-STAT3 in the 
development of metastases, especially to the CNS. Thus, 
we hypothesized that higher systemic (non-CNS distant 
metastasis) tumor levels of p-STAT3 would predispose 
patients to the development of CNS metastasis and would 
be a negative prognostic factor for survival. 

MATERIALS AND METHODS

Ethics Statement

This study was conducted according to LAB09-
0463 approved by the Institutional Review Board of The 
University of Texas MD Anderson Cancer Center in which 
299 patients with stage IV melanoma were identified from 
the MD Anderson Cancer Center Melanoma Informatics, 
Tissue Resource, and Pathology Core (MelCore) database. 
Surviving patients provided their written consent for their 
clinical information to be stored in the MelCore database 
and the use of their tissue under LAB03-320 and LAB00-
063. Minors were not involved in this study.

Melanoma Tissue Microarray (TMA)

Patients included those with systemic, non-CNS 
metastasis samples accessioned at MDACC between 
1992 and 2010. Data entry was finalized on October 27, 
2011. The composition of the TMA consisted of resected 
metastasis from the lung (n = 155), intestine/colon (n = 79), 
liver (n = 18), adrenal gland (n = 13), spleen (n = 12), gall 
bladder (n = 5) and other non-CNS sites (n = 17). Of these 
patients, 148 had or developed radiographic confirmed 
CNS metastases. For TMA construction, two 1mm cores 

Figure 1: Immunohistochemical staining of melanoma 
tissue sections demonstrating p-STAT3 staining 
confined to the nucleus. Representative negative (A) and 
positive (B) specimens are shown (400x magnification).
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where obtained per tumor sample. The rationale for using 
a TMA was to facilitate analysis of the largest number of 
cases possible. The study neuropathologist (GNF) gathered 
the tissue sections and confirmed the tumor pathology by 
using the archived paraffin-blocked tissue sections. The 
time from resection to fixation was less than 20 minutes in 
all cases in accordance with the CLIA (Clinical Laboratory 
Improvement Amendments) standard.

Immunohistochemical analysis of p-STAT3 
expression

The method for detecting and determining p-STAT3 
expression has been previously described [27]. Briefly, 
formalin-fixed, paraffin-embedded 5µm sections of the 
melanoma TMA were first deparaffinized in xylene and 
rehydrated in ethanol. The endogenous peroxidase activity 
was blocked with 0.3% hydrogen peroxide/methanol for 
10 minutes at room temperature before antigen retrieval 
was begun. The ThermoScientific PT Module (Thermo 
Fisher Scientific, Fremont, CA) with citrate buffer (pH 6.0) 
was then used for antigen retrieval. After blocking with a 
serum-free protein block solution (DAKO, Carpinteria, 
CA), diluted anti-p-STAT3 (tyrosine705) antibody (1:50; 
Cell Signaling Technology, Danvers, MA) was added to 
the TMA and the specimens were incubated overnight 
in a humidified box at 4°C. The slides were then stained 

with a biotin-labeled secondary antibody (biotinylated 
link universal solution; DAKO) for 60 minutes at room 
temperature. Finally, streptavidin-horseradish peroxidase 
(DAKO) was added and incubated with the slides for 30 
minutes at room temperature. Diaminobenzidine (DAKO) 
was used as the chromogen, and color development was 
halted by dipping the slides in distilled water. The nuclei 
were then counterstained with hematoxylin. For the 
negative control, an isotype antibody was used (Santa 
Cruz Bio-technology, Santa Cruz, CA).

Quantification of p-STAT3 expression

Independent observers (IL, SF) quantitatively 
evaluated p-STAT3 expression by analyzing the cores 
using high-power fields (maximum: x40 objective and x10 
eyepiece) of each specimen (Fig. 1). These evaluations 
were validated by the study pathologist (GNF). The 
observers examined each sample in duplicate cores from 
different areas of the same tumor in a blinded fashion. 
Up to six observations were made of the metastatic 
tissue sample from each patient. For each observation, 
the total number of cells and the number of cells with 
positive p-STAT3 nuclear staining were counted. The 
percentage of p-STAT3 positive cells was then calculated 
for each observation. The average percentage of cells with 
positive p-STAT3 nuclear staining was calculated from all 

Figure 2: Box and whisker plots stratified by systemic organ metastasis site demonstrating p-STAT3 expression, as 
determined by immunohistochemical staining, among patients with stage IV melanoma (p = 0.0155 across all tissue 
types).
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observations for each patient’s sample. For most patients, 
this was the average of six sets of counts. Hereafter, this 
average percentage of p-STAT3-positive cells is referred 
to as the p-STAT3 expression level. Observations in which 
no cells could be counted were excluded. We minimized 
potential mismatching of the data by staining an intact 
TMA with hematoxylin and eosin and identifying the 
correct location of each tissue core by visually matching 
the tumors on the basis of their unique histologic elements. 

Statistical analysis

The Wilcoxon rank-sum test was used to compare 
the distribution of p-STAT3 expression between patients 
with and without CNS metastasis, and the Kruskal-Wallis 
test was used to compare the distribution of p-STAT3 
expression among tissue types. The tissue type denotes the 
organ from which the melanoma metastasis specimen was 
taken. Median survival was computed from the date of 
stage IV diagnosis to the date of the patient’s last known 
vital status. The time to first CNS metastasis was computed 
from the date of stage IV diagnosis to the date of first 
CNS metastasis. Patients with preceding CNS metastasis 
or CNS metastasis at the time stage IV diagnosis were 
excluded (n = 21). Patients that did not experience a CNS 
metastasis were censored by using the date of the patient’s 
last brain imaging assessment or the last date the patient 
was seen by a physician at MD Anderson Cancer Center. 
Kaplan-Meier survival curves were used to estimate 
survival [28], and the log-rank test was used to assess 
differences between groups of patients with different levels 
of p-STAT3 expression [29]. Cox proportional hazards 
regression was used to analyze the association between 

p-STAT3 expression and survival. Logistic regression 
was used to analyze the association between p-STAT3 
expression and the development of CNS metastasis. The 
p-STAT3 was considered first as a continuous variable, 
and secondary analyses were performed separately which 
categorized patients as having p-STAT3 expression < 1% 
vs. ≥ 1%. We decided on this dichotomization based on 
its possible clinical relevance after analyzing absolutely 
none versus any p-STAT3 expression as well as comparing 
percentiles that represented the highest and lowest levels 
of expression. Additionally, in the literature [30], it is 
acceptable to use a minimum percentage of expression 
as evidence of expression rather than dichotomizing 
based on zero. Because the distribution of p-STAT3 was 
positively skewed (median = 8.99%, range 0 - 74%), 
transformed expression values were analyzed but did not 
yield significantly different results and are not reported. A 
p-value of less than 0.05 was considered significant. All 
statistical analysis were performed using SAS software 
version 9.2 for Windows (SAS Institute, Cary, NC).

RESULTS

Study population

Tissue sections from 299 patients with distant 
metastatic melanoma were included in the TMA of which 
151 (51%) did not have CNS metastasis at the time of the 
last follow-up. The median age of the patients at initial 
diagnosis was 50 years (range: 12 – 80 years) and 56 
years at the time of the stage IV diagnosis (range: 13 – 
85 years). The majority were caucasian (95%) and male 

Figure 3: Kaplan-Meier survival estimates 
stratified by p-STAT3, expression determined from 
immunohistochemical staining, in patients with stage 
IV melanoma. In melanoma patients stratified based by the 
amount of p-STAT3 expression <1% versus ≥1%, there was no 
significant difference in median survival time (p = 0.86; n = 63, 
236, respectively). 

Figure 4: Kaplan-Meier survival estimates of the 
overall probability of developing CNS metastasis from 
the time of the stage IV diagnosis. In patients stratified 
based on the amount of p-STAT3 expression, <1% versus ≥1%, 
in their systemic metastasis, there was no significant difference 
in time to development of CNS metastasis (p = 0.14; n = 55, 223, 
respectively).
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(71%). Figure 2 summarizes the overall composition of the 
melanoma TMA, which consisted of resected metastasis 
from the lung (n = 155), intestine/colon (n = 79), liver 
(n = 1 8), adrenal gland (n = 13), spleen (n = 12), gall 

bladder (n = 5) and other (n = 17). The most common 
site of melanoma metastasis was the lung, consistent 
with previous reports [31]. The distribution of p-STAT3 
expression was significantly different across all tissue 
types (p = 0.0155), with the highest expression seen in the 
lung (mean 16.5%, median 12.3%).

The expression of p-STAT3 does not impact 
overall survival in stage IV melanoma patients

Cox proportional hazard regression was used to 
determine whether p-STAT3 expression was a significant 
predictor of survival. For all stage IV melanoma patients, 
the overall median survival was 2.7 years. Intratumoral, 
nuclear p-STAT3 expression was not an independent 
univariate predictor of overall survival in stage IV 
melanoma patients (HR = 1.008; 95%CI: 0.998-1.015; n 
deaths = 222; p = 0.13) (Fig. 3). 

Because we had observed a statistically significant 
difference between p-STAT3 expression levels in 
melanoma metastasis of different tissue types, we 
conducted a sub-analysis of survival by tissue type using 
the two tissue types with the greatest number of samples. 
Patients with metastasis originating from the intestine 
and lung were selected to represent the higher and lower 
ends of the p-STAT3 spectrum, respectively. We found 
no significant differences in survival in patients with 
metastasis to either of these tissue types based on the 
amount of p-STAT3 expression, validating our finding that 
p-STAT3 expression is not a prognostic marker in patients 
with stage IV melanoma.

The expression of p-STAT3 is not predictive of 
development or time to CNS metastasis 

Among the systemic melanoma metastasis of stage 
IV melanoma patients without CNS metastasis (n=151), 
p-STAT3 expression was 14.7% (SD = 14.6); whereas 
it was 13.3% (SD = 16.5) in the systemic melanoma 
metastasis of those patients with CNS metastasis (n=148). 
Although there was some evidence of a difference in the 
distribution of p-STAT3 by CNS metastasis status among 
these stage IV melanoma patients (p = 0.05); this small 
difference may not be clinically meaningful and may be 
attributable to the fact that there were more lung samples, 
which have higher p-STAT3 expression, in the group 
without CNS metastasis. Univariate logistic regression 
analysis revealed that p-STAT3 expression (when defined 
as a continuous variable) in systemic melanoma metastasis 
was not predictive for the development of CNS metastasis 
(HR: 0.994; 95% Wald CI: 0.980 – 1.009; n metastases = 
148; p = 0.44).

The median time to the development of CNS 
metastasis was 3.0 years from the time of the stage IV 
diagnosis. We found no significant differences in time 

Figure 5: Kaplan-Meier survival estimates of the 
overall probability of survival from the time of the 
stage IV diagnosis. (A) The median survival was 1.9 years in 
those patients that developed CNS metastasis compared to 3.4 
years in those patients that did not. (B) In melanoma patients that 
developed CNS metastasis stratified by the amount of p-STAT3 
expression, <1% versus ≥1%, in their systemic metastasis, 
no significant difference was found in survival (p = 0.37; n = 
40, 108, respectively). (C) In melanoma patients that did not 
develop CNS metastasis, significant difference were found 
in survival based on the amount of p-STAT3 expression, <1% 
versus ≥1%, in their systemic metastasis (p = 0.049; n = 23, 128, 
respectively). 
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to CNS metastasis based on the amount of p-STAT3 
expression in the systemic melanoma metastasis (Fig. 4). 

The expression of p-STAT3 in stage IV melanoma 
patients without CNS metastasis impacts survival

Since the presence of CNS metastasis has been 
previously demonstrated to be a negative prognostic 
factor for survival in stage IV melanoma patients, we 
evaluated this parameter within our dataset and validated 
this previously identified prognosticator (Fig. 5A; log-rank 
p < 0.001). The overall median survival was 1.9 years in 
those patients with CNS metastasis compared to 3.4 years 
in those patients who had not developed CNS metastasis. 
We further analyzed the association between p-STAT3 and 
overall survival separately by CNS metastasis status. No 
prognostic impact was found within the subset of patients 
that had developed CNS metastasis based on the systemic 
p-STAT3 expression (Fig. 5B). However, within the subset 
of patients without CNS metastasis, we found significant 
differences in survival based on p-STAT3 expression (Fig. 
5C) (HR = 1.871; 95%CI: 0.993 - 3.525; n deaths = 95; 
p = 0.05). 

DISCUSSION

Our study is the first to demonstrate the negative 
prognostic influence of p-STAT3 expression in stage IV 
melanoma patients that did not develop CNS metastasis 
but not in those patients that did develop CNS metastasis. 
These findings are consistent with those of a previously 
published study examining the negative impact of 
p-STAT3 on the progression of human cutaneous 
melanoma [32]. Our results are also consistent with the 
previously demonstrated prognostic influence of p-STAT3 
on survival in patients with other types of malignancies, 
such as glioma [27]. However, given the biological role of 
p-STAT3 in invasion, migration, and metastasis, we were 
surprised that p-STAT3 expression in systemic melanoma 
metastases was not associated with either the development 
of CNS metastasis or the time to first CNS metastasis. 
Furthermore, although we found differences in the 
p-STAT3 expression between different sites of metastasis, 
with the lung being the most common site [31], despite 
elevated p-STAT3 expression in the subset of patients with 
melanoma lung metastasis, these patients did not have a 
significantly higher risk of developing CNS metastasis.

Our secondary findings are in direct contrast with 
the results of a previous study, which demonstrated that 
p-STAT3 expression promotes CNS metastasis [14]. 
In that study, cloned human melanoma cell lines with 
enforced upregulation of constitutive STAT3 or blockade 
of STAT3 activity were evaluated for their ability to 
metastasize to the brain in murine models. In our study, 
the lack of an association between p-STAT3 expression 

and CNS metastasis may be attributed to the fact that the 
systemic tumor biology may not be reflective of the tumor 
microenvironment immediately preceding development of 
CNS metastasis. In fact, most of the systemic melanoma 
metastases that were resected and used in this analysis 
preceded the development of CNS metastasis by several 
years - ample opportunity for the biology to be altered. 
Another possible explanation for this discrepancy is the 
limitations of animal systems in recapitulating the biology 
of human melanoma patients. Ultimately, we suspect that 
the propensity to develop CNS metastasis is governed 
not by a single mechanism or pathway but rather by the 
combination and interaction of several key pathways and 
genes that ultimately influence outcome [33, 34]. 

Perhaps one of the more optimistic results of this 
study is the extended median survival time seen in stage 
IV melanoma patients, including those that developed 
CNS metastasis. In our analysis, the median survival time 
was 3.4 years in patients with stage IV melanoma that 
did not develop CNS metastasis (from the time of stage 
IV diagnosis), 1.9 years in those that developed CNS 
metastasis (from the time of stage IV diagnosis), and 1.0 
years from the date of diagnosis of CNS metastasis; these 
compare favorably with historical data, which found a 
median survival time of less than 1 year in all patients 
with disseminated melanoma [35] and of only 3.8 months 
in patients with brain metastasis [8]. The current analysis 
was conducted with samples from patients treated at 
a single institution, which pursues aggressive surgical 
and multimodality treatment of metastatic melanoma, 
including in patients with brain metastasis that could bias 
these results in a favorable manner. Other recent series 
at institutions that pursue similar treatment schemas 
have demonstrated similar outcomes, both in the setting 
of melanoma patients with brain metastases [36] and in 
melanoma patients with limited systemic metastases 
amenable to complete surgical resection [37]. Despite the 
still grim prognosis of metastatic melanoma, these findings 
are certainly encouraging.

Our findings also inform the study design and 
stratification for planned clinical trials of p-STAT3 
inhibitors. The data presented here indicate that stage 
IV melanoma patients that do not have CNS metastasis 
should be stratified on the presence or absence of 
p-STAT3 expression during efficacy clinical trials. One 
small molecule inhibitor of p-STAT3 with excellent 
CNS penetration, WP1066, has demonstrated antitumor 
effects in a murine model of melanoma, including 
against melanoma within CNS [38]. The in vivo 
effects of WP0166 are accompanied by a reduction 
of immunosuppression, including regulatory T cells 
(Tregs) and tumor-supportive M2 macrophages, with a 
concomitant increase in the cytotoxic immune response 
of T cells. These findings highlight the likely importance 
of immune cells on the effects of p-STAT3 inhibitors on 
tumor activity but also suggest that activity of p-STAT3 in 
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the immune cell populations may play a significant role 
in influencing outcome. STAT3 has been shown to be a 
key transcriptional regulator of FoxP3 in Tregs [39], and 
Treg infiltration has been shown in melanoma patients to 
be a negative prognosticator [40] and a predictor of local 
recurrence [41]. Furthermore, M2 macrophages defined by 
their expression of p-STAT3 [42-44] have also been shown 
to support angiogenesis and growth in melanoma [45] and 
may also be a prognostic factor in melanoma patients [46]. 
Given that the tumor-infiltrating immune cells constitute 
a small minority of the overall tumor population, a 
limitation of the current study is that this influential subset 
may have not been fully taken into account in the context 
of the overall p-STAT3 expression. 

In conclusion, as inhibitors of p-STAT3 move into 
clinical trials in patients with melanoma, including those 
with CNS metastasis, stratification by p-STAT3 should 
be considered for stage IV melanoma patients who have 
not developed CNS metastasis. Finally, given the current 
cumulative evidence, alterations in the clinical practice of 
surveillance brain magnetic resonance imaging need not 
be altered on the basis of p-STAT3 expression in systemic 
metastasis.

ACKNOWLEDGMENTS

We thank Audria Patrick and Karen Muller for 
editorial assistance.

REFERENCES 

1. Balch CM, Gershenwald JE, Soong SJ, Thompson JF, 
Atkins MB, Byrd DR, Buzaid AC, Cochran AJ, Coit 
DG, Ding S, Eggermont AM, Flaherty KT, Gimotty PA, 
Kirkwood JM, McMasters KM, Mihm MC, Jr., et al. Final 
version of 2009 AJCC melanoma staging and classification. 
J Clin Oncol. 2009; 27(36):6199-6206.

2. Wen PY, Black PM and Loeffler JS. (2001). Treatment of 
metastatic brain cancer. In: DeVita VTJ, Hellman S and 
Rosenberg SA, eds. Principles and Practice of Oncology. 
(Philadelphia: Lippincott Williams & Wilkins).

3. Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, 
Lai P and Sawaya RE. Incidence proportions of brain 
metastases in patients diagnosed (1973 to 2001) in the 
Metropolitan Detroit Cancer Surveillance System. J Clin 
Oncol. 2004; 22(14):2865-2872.

4. Houghton AN, Coit DG, Daud A, Dilawari RA, Dimaio D, 
Gollob JA, Haas NB, Halpern A, Johnson TM, Kashani-
Sabet M, Kraybill WG, Lange JR, Martini M, Ross MI, 
Samlowski WE, Sener SF, et al. Melanoma. J Natl Compr 
Canc Netw. 2006; 4(7):666-684.

5. de la Monte SM, Moore GW and Hutchins GM. Patterned 
distribution of metastases from malignant melanoma in 
humans. Cancer Res. 1983; 43(7):3427-3433.

6. Patel JK, Didolkar MS, Pickren JW and Moore RH. 

Metastatic pattern of malignant melanoma. A study of 216 
autopsy cases. Am J Surg. 1978; 135(6):807-810.

7. Atkins MB, Lotze MT, Dutcher JP, Fisher RI, Weiss G, 
Margolin K, Abrams J, Sznol M, Parkinson D, Hawkins 
M, Paradise C, Kunkel L and Rosenberg SA. High-dose 
recombinant interleukin 2 therapy for patients with 
metastatic melanoma: analysis of 270 patients treated 
between 1985 and 1993. J Clin Oncol. 1999; 17(7):2105-
2116.

8. Sampson JH, Carter JH, Jr., Friedman AH and Seigler HF. 
Demographics, prognosis, and therapy in 702 patients with 
brain metastases from malignant melanoma. J Neurosurg. 
1998; 88(1):11-20.

9. Chiarion-Sileni V, Guida M, Ridolfi L, Romanini A, Del 
Bianco P, Pigozzo J, Brugnara S, Colucci G, Ridolfi R and 
De Salvo GL. Central nervous system failure in melanoma 
patients: results of a randomised, multicentre phase 3 study 
of temozolomide- and dacarbazine- based regimens. Br J 
Cancer. 2011; 104(12):1816-1821.

10. Masamune A, Satoh M, Kikuta K, Suzuki N and 
Shimosegawa T. Activation of JAK-STAT pathway 
is required for platelet-derived growth factor-induced 
proliferation of pancreatic stellate cells. World J 
Gastroenterol. 2005 11(22):3385-3391.

11. Huang S. Regulation of metastases by signal transducer 
and activator of transcription 3 signaling pathway: clinical 
implications. Clin Cancer Res. 2007; 13(5):1362-1366.

12. Yu H and Jove R. The STATs of cancer--new molecular 
targets come of age. Nat Rev Cancer. 2004; 4(2):97-105.

13. Winston LA and Hunter T. JAK2, Ras, and Raf are required 
for activation of extracellular signal-regulated kinase/
mitogen-activated protein kinase by growth hormone. J Biol 
Chem. 1995 270(52):30837-30840.

14. Xie TX, Huang FJ, Aldape KD, Kang SH, Liu M, 
Gershenwald JE, Xie K, Sawaya R and Huang S. Activation 
of stat3 in human melanoma promotes brain metastasis. 
Cancer Res. 2006; 66(6):3188-3196.

15. Bao JJ, Fokt I, Szymanski S and Priebe W. Inhibition 
of constitutively active STAT3 by WP1066 suppresses 
proliferation and induces apoptosis in pancreatic cancer 
cells. Clin Cancer Res. 2005; 11(24):9026S-9027S.

16. Chan KS, Sano S, Kiguchi K, Anders J, Komazawa N, 
Takeda J and DiGiovanni J. Disruption of Stat3 reveals a 
critical role in both the initiation and the promotion stages 
of epithelial carcinogenesis. J Clin Invest. 2004 (PMCID: 
PMC514583); 114(5):720-728.

17. Iwamaru A, Szymanski S, Iwado E, Aoki H, Yokoyama T, 
Fokt I, Hess K, Conrad C, Madden T, Sawaya R, Kondo S, 
Priebe W and Kondo Y. A novel inhibitor of the STAT3 
pathway induces apoptosis in malignant glioma cells both 
in vitro and in vivo. Oncogene. 2007; 26(17):2435-2444.

18. Leong PL, Andrews GA, Johnson DE, Dyer KF, Xi S, Mai 
JC, Robbins PD, Gadiparthi S, Burke NA, Watkins SF 
and Grandis JR. Targeted inhibition of Stat3 with a decoy 



Oncotarget 2012; 3:  336-344343www.impactjournals.com/oncotarget

oligonucleotide abrogates head and neck cancer cell growth. 
Proc Natl Acad Sci U S A. 2003; 100(7):4138-4143.

19. Tang GS, Cai JM, Ni J, Xiang YS, Cui JG, Zhu D and Dong 
JR. Effects of STAT3 antisense oligodeoxynucleotides on 
apoptosis and proliferation of mouse melanoma cell line 
B16. Ai Zheng. 2006; 25(3):269-274.

20. Xi S, Gooding WE and Grandis JR. In vivo antitumor 
efficacy of STAT3 blockade using a transcription factor 
decoy approach: implications for cancer therapy. Oncogene. 
2005; 24(6):970-979.

21. Niu G, Heller R, Catlett-Falcone R, Coppola D, Jaroszeski 
M, Dalton W, Jove R and Yu H. Gene therapy with 
dominant-negative Stat3 suppresses growth of the 
murine melanoma B16 tumor in vivo. Cancer Res. 1999 
59(20):5059-5063.

22. Bromberg JF, Wrzeszczynska MH, Devgan G, Zhao Y, 
Pestell RG, Albanese C and Darnell JE, Jr. Stat3 as an 
oncogene.[erratum appears in Cell 1999 Oct 15;99(2):239]. 
Cell. 1999; 98(3):295-303.

23. Dechow TN, Pedranzini L, Leitch A, Leslie K, Gerald 
WL, Linkov I and Bromberg JF. Requirement of matrix 
metalloproteinase-9 for the transformation of human 
mammary epithelial cells by Stat3-C. Proc Natl Acad Sci U 
S A. 2004; 101(29):10602-10607.

24. Kortylewski M, Kujawski M, Wang T, Wei S, Zhang S, 
Pilon-Thomas S, Niu G, Kay H, Mule J, Kerr WG, Jove 
R, Pardoll D and Yu H. Inhibiting Stat3 signaling in the 
hematopoietic system elicits multicomponent antitumor 
immunity. Nat Med. 2005; 11(12):1314-1321.

25. Wei J, Barr J, Kong LY, Wang Y, Wu A, Sharma AK, 
Gumin J, Henry V, Colman H, Priebe W, Sawaya R, Lang 
FF and Heimberger AB. Glioblastoma cancer-initiating 
cells inhibit T-cell proliferation and effector responses 
by the signal transducers and activators of transcription 3 
pathway. Mol Cancer Ther. 2010; 9(1):67-78.

26. Xie TX, Wei D, Liu M, Gao AC, Ali-Osman F, Sawaya 
R and Huang S. Stat3 activation regulates the expression 
of matrix metalloproteinase-2 and tumor invasion and 
metastasis. Oncogene. 2004; 23(20):3550-3560.

27. Abou-Ghazal M, Yang DS, Qiao W, Reina-Ortiz C, Wei 
J, Kong LY, Fuller GN, Hiraoka N, Priebe W, Sawaya R 
and Heimberger AB. The incidence, correlation with tumor-
infiltrating inflammation, and prognosis of phosphorylated 
STAT3 expression in human gliomas. Clin Cancer Res. 
2008; 14(24):8228-8235.

28. Kaplan EL and Meier P. Nonparametric estimation from 
incomplete observations. J Am Stat Assoc. 1958; 53:457-
481.

29. Mantel N. Evaluation of survival data and two new 
rank order statistics arising in its consideration. Cancer 
Chemother Rep. 1966; 50(3):163-170.

30. Birner P, Toumangelova-Uzeir K, Natchev S and Guentchev 
M. STAT3 tyrosine phosphorylation influences survival in 
glioblastoma. J Neurooncol. 2010; May 9 [e-pub ahead of 

print].
31. Martinez SR and Young SE. A rational surgical approach to 

the treatment of distant melanoma metastases. Cancer Treat 
Rev. 2008; 34(7):614-620.

32. Wang W, Edington HD, Rao Un, et al. Modulation of signal 
trnasducers and activators of transcription 1 and 3 signaling 
in melanoma by high-dose IFNalpha 2b. Clin Cancer Res 
2007;13:1523-31.

33. Colman H, Zhang L, Sulman EP, McDonald JM, Shooshtari 
NL, Rivera A, Popoff S, Nutt CL, Louis DN, Cairncross 
JG, Gilbert MR, Phillips HS, Mehta MP, Chakravarti 
A, Pelloski CE, Bhat K, et al. A multigene predictor of 
outcome in glioblastoma. Neuro Oncol. 2010; 12(1):49-57.

34. de Tayrac M, Aubry M, Saikali S, Etcheverry A, Surbled C, 
Guenot F, Galibert MD, Hamlat A, Lesimple T, Quillien V, 
Menei P and Mosser J. A 4-gene signature associated with 
clinical outcome in high-grade gliomas. Clin Cancer Res. 
2011; 17(2):317-327.

35. Balch CM, Soong SJ, Gershenwald JE, Thompson JF, 
Reintgen DS, Cascinelli N, Urist M, McMasters KM, Ross 
MI, Kirkwood JM, Atkins MB, Thompson JA, Coit DG, 
Byrd D, Desmond R, Zhang Y, et al. Prognostic factors 
analysis of 17,600 melanoma patients: validation of the 
American Joint Committee on Cancer melanoma staging 
system. J Clin Oncol. 2001; 19(16):3622-3634.

36. Pollock BE, Brown PD, Foote RL, Stafford SL and 
Schomberg PJ. Properly selected patients with multiple 
brain metastases may benefit from aggressive treatment of 
their intracranial disease. J Neurooncol. 2003; 61(1):73-80.

37. Sosman JA, Moon J, Tuthill RJ, Warneke JA, Vetto JT, 
Redman BG, Liu PY, Unger JM, Flaherty LE and Sondak 
VK. A phase 2 trial of complete resection for stage IV 
melanoma: Results of Southwest Oncology Group Clinical 
Trial S9430. Cancer. 2011.

38. Kong LY, Abou-Ghazal MK, Wei J, Chakraborty A, Sun 
W, Qiao W, Fuller GN, Fokt I, Grimm EA, Schmittling RJ, 
Archer GE, Jr., Sampson JH, Priebe W and Heimberger AB. 
A novel inhibitor of signal transducers and activators of 
transcription 3 activation is efficacious against established 
central nervous system melanoma and inhibits regulatory T 
cells. Clin Cancer Res. 2008; 14(18):5759-5768.

39. Zorn E, Nelson EA, Mohseni M, Porcheray F, Kim H, Litsa 
D, Bellucci R, Raderschall E, Canning C, Soiffer RJ, Frank 
DA and Ritz J. IL-2 regulates FOXP3 expression in human 
CD4+CD25+ regulatory T cells through a STAT-dependent 
mechanism and induces the expansion of these cells in vivo. 
Blood. 2006; 108(5):1571-1579.

40. Knol AC, Nguyen JM, Quereux G, Brocard A, Khammari 
A and Dreno B. Prognostic value of tumor-infiltrating 
Foxp3+ T-cell subpopulations in metastatic melanoma. Exp 
Dermatol. 2011; 20(5):430-434.

41. Miracco C, Mourmouras V, Biagioli M, Rubegni P, 
Mannucci S, Monciatti I, Cosci E, Tosi P and Luzi P. Utility 
of tumour-infiltrating CD25+FOXP3+ regulatory T cell 



Oncotarget 2012; 3:  336-344344www.impactjournals.com/oncotarget

evaluation in predicting local recurrence in vertical growth 
phase cutaneous melanoma. Oncol Rep. 2007; 18(5):1115-
1122.

42. Fujiwara Y, Komohara Y, Kudo R, Tsurushima K, 
Ohnishi K, Ikeda T and Takeya M. Oleanolic acid inhibits 
macrophage differentiation into the M2 phenotype 
activation of STAT3. Oncol Rep. 2011; 26(6):1533-1537.

43. Ohnishi K, Komohara Y, Sakashita N, Iyama K, Murayama 
T and Takeya M. Macrophages in Langerhans cell 
histiocytosis are differentiated toward M2 phenotype: their 
possible involvement in pathological processes. Pathol Int. 
2010; 60(1):27-34.

44. Takaishi K, Komohara Y, Tashiro H, Ohtake H, Nakagawa 
T, Katabuchi H and Takeya M. Involvement of M2-
polarized macrophages in the ascites from advanced 
epithelial ovarian carcinoma in tumor progression via Stat3 
activation. Cancer Sci. 2010; 101(10):2128-2136.

45. Chen P, Huang Y, Bong R, Ding Y, Song N, Wang X, Song 
X and Luo Y. Tumor-associated macrophages promote 
angiogenesis and melanoma growth via adrenomedullin 
in both paracrine and autocrine manners. Clin Cancer Res. 
2011.

46. Bronkhorst IH, Ly LV, Jordanova ES, Vrolijk J, Versluis 
M, Luyten GP and Jager MJ. Detection of M2-macrophages 
in uveal melanoma and relation with survival. Invest 
Ophthalmol Vis Sci. 2011; 52(2):643-650.


