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Introduction

Cutaneous T-cell lymphoma (CTCL) is characterized by the 
expansion of malignant T cells in a chronic inflammatory envi-
ronment. In the predominant clinical variant, mycosis fungoides 
(MF), skin lesions initially present as flat erythematous patches 
or plaques. In the advanced stages of the disease, the lesions 
develop into overt intradermal tumors, and the malignant T cells 
may spread to the lymph nodes and, even, internal organs and 
bone marrow.1 Patients diagnosed in early stages often experience 
an indolent disease course and have a favorable prognosis, with a 
life expectancy similar to that of a control population. However, 
in a subgroup of patients diagnosed with early CTCL, the disease 
progresses to a more aggressive and occasionally fatal course.1,2

Skin lesions from the early MF share many histological and 
pathological features with lesions from patients with benign 
chronic inflammatory skin disorders such as chronic dermatitis 
and psoriasis, making early diagnosis difficult in many cases. 
Given the histological similarities between MF and benign 

inflammatory conditions, it is not surprising that overlapping 
sets of cytokines and angiogenic and inflammatoryfactors are 
expressed in both MF and the benign inflammatory skin con-
ditions. For instance, IL-15, IL-21, and members of the IL-17 
cytokine family (such as IL-17A and IL-17F) are expressed in 
skin lesions from both psoriatic and MF patients.3-10 Importantly, 
IL-17A plays a direct role in the pathogenesis of psoriasis, 
and anti-IL-17A antibodies have therapeutic effects in many 
patients.11 In CTCL, an increased expression of IL-17F is associ-
ated with progressive disease,8 which also indicates a putative role 
of IL-17 family cytokines in its pathogenesis. Likewise, psoriasis 
and CTCL display increased levels of angiogenic factors such as 
VEGFs, disturbances in apoptotic and cytokine signaling path-
ways, and partly overlapping, but distinct miRNA expression 
profiles.12-25 Similarly, T helper cell type 2 (TH2) cytokines and 
IL-17 family cytokines are elevated in MF and benign conditions 
such as chronic dermatitis (reviewed in ref. 26).

At present, it is not known whether cytokines expressed in 
CTCL skin lesions: (1) have a direct role in the pathogenesis of 
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Skin lesions from mycosis fungoides (MF) patients display an increased expression of interleukin-15 (IL-15), IL-17F, 
and other cytokines implicated in inflammation and malignant cell proliferation in cutaneous T-cell lymphoma (CTCL). 
In the leukemic variant of CTCL, Sézary syndrome (SS), IL-2 and IL-15 trigger activation of the Jak-3/STAT3 pathway and 
transcription of IL17A gene, whereas it is unknown what causes IL-15 expression, Jak3/STAT3 activation, and production 
of IL-17F in MF. Here, we studied the expression and regulation of IL-15 and its relation to IL-17F in MF cell lines and skin 
lesions from 60 MF patients. We show that: (1) the spontaneous IL-15 mRNA expression is resistant to Jak3 and STAT3 
inhibitors at concentrations that profoundly inhibit STAT3 activation and IL-17F mRNA expression; (2) anti-IL-15 antibody 
blocks STAT3 activation induced by exogenous IL-15 in non-malignant MF T cells, whereas the spontaneous STAT3 acti-
vation and IL-17F expression in malignant T cells is not inhibited; (3) patients display heterogeneous IL-15/IL-17F mRNA 
expression patterns in skin lesions; and (4) IL-15 expression (in contrast to IL-17F) is not associated with progressive dis-
ease. Taken together, these findings indicate that IL-15 and IL-17F are differentially regulated and expressed in MF. We 
propose that IL-15 and IL-17F are markers for different inflammatory environments and play distinct roles in the develop-
ment and progression of MF.
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the disease; (2) are signs of an overall ineffective anti-lymphoma 
response; or (3) are secondary events (epiphenomena) to the 
underlying genuine lymphomagenesis. However, several lines of 
evidence indicate that the malignant T cells orchestrate the pro-
duction of cytokines and inflammatory and angiogenic factors. 
Of interest, malignant MF T-cell lines have been shown to spon-
taneously produce IL-15 and IL-17F, both of which are expressed 
in situ in MF lesions and are associated with progressive or 
advanced disease.8,27-30 In SS cells, IL-15 triggers enhanced IL-17A 
production via activation of the Jak3/STAT3 signaling pathway,7 
and IL-15 has been proposed to function as an autocrine survival 
and activation factor in these cells (Fig. 1A).3 The present study 
was undertaken to investigate the expression and regulation of 
IL-15 in MF. In particular, we strived to address whether IL-15 
is an autocrine factor driving the spontaneous STAT3 activation 
and IL-17F synthesis in malignant MF cell lines, and whether 
IL-15 and IL-17F are co-regulated and expressed in tandem in 
situ in the MF lesions (Fig. 1B).

Results

Although malignant MF lesions and cell lines display a con-
stitutive IL-15 expression in situ and in vitro,3,27 the underlying 
mechanisms remain unclear. Because STAT3 is a key regulator 
of the expression of numerous cytokines (IL-5, IL-10, IL-13, 
and IL-17A and IL-17F) in malignant T cells, we investigated 
whether the Jak3/STAT3 pathway induces also expression of 
IL-15. As shown in Figure 2A, malignant T cells display a high, 
spontaneous expression of IL-15 mRNA when compared with 
non-malignant T cells (Fig. 2A; Table 1). To determine whether 
IL-15 expression was driven by STAT3, we examined the effect 

of Jak3 and STAT3 inhibitors on the expression of IL-15, with 
IL-17F serving as a positive control.8 Whereas Jak3 and STAT3 
inhibitors triggered a profound inhibition of IL-17F expression, 
the spontaneous expression of IL-15 remained largely unaffected 
(Fig. 2B), indicating that the Jak3/STAT3 pathway does not reg-
ulate IL-15, and that IL-15 and IL-17F expression is regulated dif-
ferently in malignant T cells. As malignant MF cells also display 
a constitutive activation of other signaling pathways, including 
the scr kinase BLK,39,40 NFkB,41,42 and the COX2/prostaglandin 
E2 (PGE2),43,44 we examined whether any of these pathways was 
involved in the induction of IL-15 expression. However, inhi-
bition of scr kinase, COX-2, and PGE2 using their respective 
inhibitors, or inhibition of NFκB via siRNA-mediated knock-
down of components of the NFκB pathway (Rel-A and Rel-B), 
had no inhibitory effect on IL-15 expression (data not shown) 
indicating that IL-15 expression is driven by a yet-unidentified 
signaling pathway in malignant MF cells.

Dummer and coworkers were the first to describe IL-15 
expression in situ in CTCL, and based on studies in SS cell lines, 
they proposed that IL-15 functions as an autocrine and para-
crine activation and survival factor in SS.3 Since IL-15 induces 
IL-17A expression through the Jak3/STAT3 pathway in SS cells,7 
we asked whether IL-15, via an autocrine loop, also induced 
STAT3-mediated IL-17F expression in MF T cells. To achieve 
this, we incubated malignant and non-malignant MF cell lines 
with a neutralizing IL-15 antibody prior to analysis of STAT3 
tyrosine phosphorylation pY). Non-malignant T cells did not 
spontaneously express pY-STAT3, but expressed pY-STAT3 fol-
lowing exposure to exogenous IL-15 (Fig. 3A, lane 3 vs. lane 1). 
Pre-treatment of non-malignant T cells with anti-IL-15 antibody 
almost completely blocked IL-15-induced STAT3 activation 

(Fig. 3A, lane3 vs. lane 4), confirming the 
specificity of the response and the efficacy 
of the antibody. In contrast, blocking anti-
IL-15 antibodies had no effect on the con-
stitutive STAT3 activation in malignant 
MF T cells (Fig. 3A, right part, and data 
not shown). In parallel, we examined the 
effect of IL-15 inhibition on IL-17F expres-
sion in malignant MF cells, and, as shown 
in Figure 3B, blocking concentrations of 
IL-15 mAb had no inhibitory effect on 
IL-17F expression. siRNA-mediated inhi-
bition of IL-15 strongly inhibited IL-15 
expression (Fig. 4A), whereas STAT3 acti-
vation and IL-17F expression were unaf-
fected (Fig.  4B and C). Taken together, 
these findings show that in malignant MF 
cells IL-15 and IL-17F are regulated differ-
entially, and that STAT3 phosphorylation 
and IL-17F expression are in these cells 
independent of IL-15.

Next, we studied IL-15 mRNA expres-
sion in skin lesions from 60 MF patients. A 
majority of patients expressed IL-15 in situ 
as judged from the mRNA expression in 

Figure 1. IL-15 signaling in CTCL (A) Left: In normal T cells, IL-15R activates the Jak3/STAT3 pathway, 
which can result in specific cytokine secretion. The specific cytokine(s) expressed depends on the 
activation and differentiation status of the T-cell type in question. Right: In malignant T cells from 
Sézary syndrome patients, IL-15 activates the Jak3/STAT3 signaling pathway, which, in turn, initi-
ates transcription of the gene encoding IL-17A. (B) In MF it is unknown whether (1) the constitutive 
activation of the Jak3/STAT3 is induced by IL-15; and (2) STAT3 drives the constitutive transcrip-
tion of IL-15. In other words, whether IL-15 is part of an autocrine stimulation loop involving the 
Jak3/ STAT3 pathway and downstream target genes IL-17F and IL-15.
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skin lesion (Fig. 5). Importantly, IL-15 expression was observed 
in both indolent and progressive disease and, hence, may not be 
limited to the advanced disease stage (Fig. 5A ), as proposed in 
the original study on IL-15 in MF.27 Because IL-15 and IL-17F 
are co-expressed in malignant MF cells in vitro (cf. above), and 
IL-17F correlates with progressive disease in the present cohort of 
patients,8 we asked whether IL-15 and IL-17F were co-expressed 
in skin lesions. However, IL-15 expression was not associated 
with IL-17F expression in skin lesions (Fig. 5B), although IL-17F 
predominated in lesions from progressive CTCL patients. On the 
contrary, a high expression of IL-17F seemed to be associated with 
a low expression of IL-15, and, reversely, a high IL-15 expression 
seemed (with one exception) to be associated with a low expres-
sion of IL-17F (Fig. 5C), suggesting a possible inverse relation-
ship between IL-15 and IL-17F. The apparent inverse correlation 
was, however, not statistically significant. Taken together, these 
findings show that IL-15 and IL-17F are not co-expressed in situ 
in MF skin, provide further evidence that these cytokines are 
regulated via different mechanisms, and suggest that the 2 cyto-
kines play different roles in the pathogenesis and progression of 
the disease. (Fig. 1B)

Discussion

IL-15 was initially assumed to promote disease progression—
partly because IL-15 was believed to be predominantly expressed 
in tumor stage of MF and in Sézary syndrome (SS),3,27 and, to a 
lesser degree, because IL-15 was identified as a survival factor in 
primary malignant T cells and cell lines from SS patients.3,25,28 
However, in a later study, Leroy et al.45 confirmed IL-15 expres-
sion in situ in MF but did not find a correlation with advanced 
or progressive disease. In contrast, Tamaki and his colleagues46 
found virtually no IL-15 mRNA expression in CTCL patients, 
questioning the relevance of IL-15 in CTCL. In the present 
study, we addressed this controversy by studying IL-15 mRNA 
expression in 60 MF patients. In our cohort, the majority of 
patients expressed IL-15, confirming the original observations in 
CTCL. However, we did not observe a correlation with progres-
sive disease. Thus, our data are in keeping with the findings by 
Leroy et al.45 that IL-15 is expressed in MF skin lesions, but not 
associated with the progressive or advanced disease.

It is unclear why several studies identified IL-15 expres-
sion,3,27,45,47 whereas a single study did not find any sup-
port for a link between IL-15 and CTCL.46 Once identified, 
the frequency of IL-15 presence ranged from a fraction of 
patients27 to a large majority of patients.45 Toll-like receptor 

Figure 2. IL-15 expression in malignant T cells. (A) Non-malignant (MySi) 
and malignant (PB2B, MF2000) T cells were cultured for 24 h. RNA was 
purified from the cells and reversely transcribed to cDNA and analyzed 
by quantitative PCR to determine the relative level of IL-17F and GAPDH 
mRNA. In each sample, the level of IL-17F mRNA was normalized to the 
amount of GAPDH mRNA and depicted as fold change when compared 
with non-malignant T cells (MySi). (B) Malignant (PB2B) T cells were cul-
tured with either DMSO, Jak3 inhibitor (40 ug/mL), Jak inhibitor (1 mM), 
Sta-21 (40 uM), or Ag1478 (200 ng/mL). Cells were harvested after 4 h, 
and RNA was purified and reverse transcribed to cDNA and analyzed 
by quantitative PCR to determine the relative level of IL-15, IL-17F, and 
GAPDH mRNA. In each sample, the level of IL-15 and IL-17F mRNA was 
normalized to that of GAPDH mRNA and depicted as percent inhibition 
when compared with cells cultured with DMSO.

Figure  3. IL-15 drives STAT3 activation in non-malignant but not in 
malignant T cells (A) Non-malignant (MySi) and malignant (MF2000) T 
cells were cultured with or without IL-15 neutralizing antibody (IL-15 Ab, 
2 μg/mL) for 30 min. Then, IL-15 (10 ng/mL) was added as given and the 
cells cultured for 30 min or 4 h further. Finally, the cells were lysed and 
the lysates analyzed by western blotting using antibodies against pYS-
tat3, Stat3, and Erk1/2. (B) Malignant T cells (MF2000) were cultured with 
and without IL-15 Ab (2 μg/mL) for 30 min, 4 h, or 24 h. Subsequently RNA 
was purified from the cells and reverse transcribed to cDNA that was 
subjected to quantitative PCR analysis to determine the relative level 
of IL-17F and GAPDH mRNA. In each sample, the level of IL-17F mRNA 
was normalized to that of GAPDH mRNA and depicted as fold change 
when compared with cells cultured without IL-15Ab for the same period 
of time.
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(TLR) ligands act synergistically with IL-15 to modulate the 
immune response and, possibly, disease development in CTCL 
patients,48,49 and bacterial toxins such as staphylococcal entero-
toxins, which are common in CTCL lesions, influence prolif-
eration and cytokine production in CTCL (reviewed in ref. 
50). It is, therefore, possible that differences in treatment regi-
mens and microbial infections could, at least in part, explain 
the observed differences in IL-15 expression and association 
with disease stage between the studies. Moreover, the studies 
on IL-15 cited above used different techniques and generally 
enrolled relatively few patients. In a larger cohort of patients, 

we now report that IL-15 expression is seen in a majority of 
CTCL. Importantly, IL-15 expression was not uniform among 
the patients. Instead, some patients expressed highly elevated 
IL-15, whereas others expressed the cytokine at low levels, com-
parable to those found in normal skin. Therefore, the present 
findings may not be contradictory to the previous studies. On 
the contrary, all expression profiles (none, intermediate, and 
high) described previously, were represented in our cohort of 
patients, suggesting that the apparent discrepancies between 
the aforementioned studies were possibly due to a small sample 
size.

Given the role of IL-15 as a growth and survival factor in 
malignant T cells from SS patients,3,28 it was hypothesized that 
IL-15, produced by malignant T cells and/or stromal cells such 
as DCs and macrophages, promotes tumor progression via auto-
crine and paracrine stimulation of malignant T cells.3 However, 
IL-15 may play a far more complex role in the pathogenesis of 
CTCL than originally appreciated. Thus, in addition to its role 
as a survival and growth factor for malignant T cells, IL-15 is also 
a growth and activation factor for non-malignant T cells, includ-
ing CD8 cytotoxic T cells and NK cells. Accordingly, IL-15 and 
IFNa synergistically potentiate cytotoxicity of CD8 T cells and 
NK cells,51 and TLR agonist and IL-15 together promote growth 
inhibition of malignant T cells in CTCL.48,49 Therefore, it is 
likely that IL-15 has both an anti-tumor function—via its effect 
on cytotoxic T cells and NK cells—as well as a tumor-promoting 
activity—via induction of survival and anti-apoptotic signals 
in malignant T cells. Thus, the net effect of IL-15 expression is 
likely to depend on the specific cytokine environment and cel-
lular composition of the skin lesion in question.

Because STAT3 in malignant T cells promotes transcription 
of IL-5, IL-13, IL-10, and IL-17A and IL-17F, all of which are 
implicated in the pathogenesis in CTCL, we examined whether 
IL-15 was also induced via the Jak3/STAT3 pathway. However, 
this was not the case, as inhibitors of Jak3 and STAT3, used at 
concentrations which profoundly inhibited IL-17F, had little 
effect on IL-15 expression in malignant cells. Notably, none of 
the other signaling pathways examined, Scr kinases, NFkB, and 
COX2/PGE2, appeared not to be involved either;39-44 studies 
are in progress to determine whether other novel pathways are 
involved in IL-15 expression in CTCL.

Given the observation that IL-15 induces IL-17A expression 
via activation of STAT3 in malignant SS cell lines,7 and that 
STAT3 drives IL-17F in malignant MF T cells,8 we questioned 
whether the spontaneous IL-17F production in malignant MF 
cell lines was driven through an autocrine activation loop involv-
ing IL-15, as originally proposed by Dummer et al.3 Our obser-
vations that a blocking anti-IL-15 mAb had no effect on STAT3 
activation and IL-17F expression did not support this hypoth-
esis. This conclusion was further supported by our observation 
that siRNA-mediated knockdown of IL-15 had no effect on 
either STAT3 activation or IL-17F expression, strongly arguing 
against an autocrine role of IL-15 in the activation of STAT3 and 
expression of IL-17F. This conclusion is also consistent with the 
observation that STAT3 drives spontaneous IL-17F expression in 
malignant MF cells.8

Figure  4. STAT3/IL-17F expression is driven by an IL-15-independent 
pathway. (A and B) Malignant (MF2059) T cells were transiently trans-
fected with small interfering RNA against IL-15 or non-target control 
(NT) and cultured for 24 h. After incubation, RNA was purified from the 
cells and reverse transcribed to cDNA and analyzed by quantitative PCR 
to determine the relative level of IL15, IL17F, and GAPDH mRNA. In each 
sample, the level of IL15 mRNA or IL17F mRNA was normalized to the 
amount of GAPDH mRNA and depicted as fold change when compared 
NT control. There was a significant difference in IL-15 expression (P value 
= 0,002). (C) Malignant (MF2059) T cells were transiently transfected with 
small interfering RNA against IL-15 or non-target control (NT). Twenty-
four hours after transfection, cells were washed and cultured for another 
24 or 48 h. The cells were lysed and the lysates analyzed by western blot-
ting using antibodies against pY-STAT3, STAT3, and actin.
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In contrast to IL-15, IL-17F is associated with the 
progressive disease,8 which indicates a possible key 
role of IL-17F in the pathogenesis of the advanced 
stages of CTCL. A recent study by Ferrara and 
coworkers52 found that IL-17 stimulates angiogenesis 
and modulates the function of stromal cells. Since 
tumor progression is associated with angiogenesis, 
and malignant T cells produce angiogenic factors in 
situ and in vivo,14-16 it is possible that IL-17 cytokines 
facilitate disease progression through the promotion 
of angiogenesis and lymph-angiogenesis. Indeed, our 
preliminary findings show that IL-17F released by 
malignant T cells stimulate angiogenesis in vitro.

Taken together, our study shows that (1) IL-15 
is expressed in skin lesions in a majority of patients; 
(2) IL-15 and IL-17F are differentially regulated in 
malignant MF cells; and (3) IL-15 and IL-17F are 
differentially expressed in CTCL skin lesions. We 
propose that IL-15 and IL-17F participate, and likely 
contribute to, different inflammatory environments 
and, consequently, have different roles in the patho-
genesis of CTCL.

Materials and Methods

Antibodies and reagents
Anti-Erk1/2 (Santa Cruz Biotechnology #sc-153), 

anti-actin (Sigma-Aldrich #A4700), anti-Stat3 (Cell 
Signaling Technology #9132), anti-pY-Stat3 (Y705) 
(NanoTools #0036-100/STAT3-9E12), IL-15 neu-
tralizing antibody (R&D Systems #MAB205). Jak 
inhibitor I (JakI; P6 #420099) and Jak3 inhibitor 
II (Jak3I; WHI-P154 #420104) (Merck Millipore), 
Sta-21 (#BML-EI351) and Tyrphostin Ag1478 
(#ALX-270-036) (Enzo Life Sciences). Dimethyl 
sulfoxide (DMSO) (Sigma-Aldrich #D2438), 
Phorbol 12-myristate 13-acetate (PMA) (Sigma-
Aldrich #16561-29-8) and ionomycin (Sigma-
Aldrich #56092-81-0). Recombinant human IL-15 
(Peprotech, #200-15).

Cell lines
The malignant T-cell lines MyLa2000 (MF2000) 

and PB2B as well as the nonmalignant T-cell line MySi 
were obtained from patients with CTCL.31-33 Table 1 
summarizes the characteristic features of malig-
nant and non-malignant T cells used in the present 
study. MF2000 and PB2B were grown in conditional 
media (CM) (RPMI 1640, 2 mM L-glutamine, and 
100 mg/ml penicillin/streptomycin, all from Sigma) 
supplemented with 10% fetal bovine serum (Life 
Technologies). MySi were cultured in CM supple-
mented with 10% pooled human serum (Blood 
Bank, State University Hospital) and 103 U ml–1 IL-2 
(Proleukin, Chiron).

Figure  5. IL-15 mRNA in skin lesions from MF patients. (A) IL-15 mRNA expression 
from skin lesions in 60 MF patients. The patients, the purification of RNA from the 
skin biopsies, and the method of determination of the relative cytokine expression 
by QPCR have been described extensively previously .8,30,37–38 (B) The average relative 
expression of IL-17F and IL-15 mRNA in skin biopsies from CTCL patients with non-pro-
gressive (N) and progressive (P) disease. Bars represent mean + SEM of the 60 patients. 
*Denotes a significant difference (P < 0,05) whereas NS indicates no significant 
change. (C) Scatter plot of the relative mRNA expression of IL-17F and IL-15 in skin 
biopsies from 60 CTCL patients as above. (B and C) The depicted IL-17F expressions 
are based on RT-PCR data obtained in a previous study,8 whereas the IL-15 expressions 
are novel RT-PCR data.

Table 1. Characteristics and phenotypes of cell lines

Cell line Id#
Malignant/

non-malignant
Constitutive 

pY-STAT3
IL-15 

expression
IL-17F 

expression

MySi Non-malignant
None (IL-15 

induced)
None None

MF1850 Non-malignant
None (IL-15 

induced)
None None

MyLa2059 Malignant MF Yes Yes Yes

MyLa2000 Malignant MF Yes Yes Yes

PB2B
Transformed 

MF/CTCL
Yes Yes Yes

Adapted from Woetmann et al.31
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ELISA
The concentrations of IL-17A, IL-17F, and IL-17A/F heterodi-

mers in cell culture supernatants were measured using human 
DuoSet enzyme-linked immunosorbent assay (ELISA) develop-
ment kits from R&D Systems in accordance with the manufac-
turer’s instructions.

Transient transfections
Transient transfections were performed as described previ-

ously34 using 0.25 µmol IL15 or the corresponding amount of non-
targeting ON-TARGETplus SMARTpool siRNA (Dharmacon) 
and 2 × 106 cells.

Protein extraction and western blotting
Protein extraction and western blotting were performed as 

described earlier.35,36 To ensure equal loading, the total protein 
concentration of each lysate was determined by Bio-Rad protein 
Assay (Bio-Rad).

RNA purification, cDNA synthesis, and QPCR on cell lines
Total cellular mRNA was purified and reverse transcribed 

into cDNA (cDNA) as described previously.8,25 Quantitative 
polymerase chain reaction (QPCR) was subsequently performed 
using the Brilliant II SYBR Green quantitative PCR kit from 
Stratagene in accordance with the manufacturer’s instruc-
tions and the samples analyzed on a Mx3005P (Stratagene). 
For amplification, the following primers were used: IL-17F-
forward 5′-TTCCAAAAGC CTGAGAGTTG-3′, IL-17F-
reverse 5′-GCCCAAGTTC CTACACTGG-3′, IL-15-forward 
5′-GTGCAGGGCT TCCTAAAACA-3′, IL-15-reverse 
5′-TGCAACTGGG GTGAACATC-3′, GAPDH-forward 
5′-AAGGTGAAGG TCGGAGTCAA-3′ and GAPDH-reverse 
5′-AATGAAGGGG TCATTGATGG-3′.

Patients
mRNA expression of IL-17F and IL-15 was assessed 

by RT-PCR in the historic cohort of patients from Boston 

(n = 60) that has been described previously in multiple publi-
cations.8,30,37,38 For these patients, 6-year clinical follow-up data 
are available for disease progression and for disease-specific mor-
tality, and they were accordingly used to analyze if there was 
a correlation between IL-17F or IL-15 expression and disease 
progression or survival. Disease progression was defined as the 
advancement toward a higher clinical stage and/or incidence of 
a disease-related death.13 In all cases, the data was subjected to 
Kaplan–Meier analyses and significance determined using the 
Log-rank test.

Statistics
P values were obtained by Student t test. “*” indicates P < 0.05. 

“NS” indicates P > 0.05.
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