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Abstract
This study addresses the hypothesis that IL-6/STAT3 signaling is of clinical relevance in oropharyngeal squamous cell 
carcinoma (OPSCC). We evaluated relationships between key components of this pathway in tumors from a unique cohort 
of n = 59 fully annotated, treatment-naïve patients with OPSCC. The multiplex Opal platform was utilized for immunofluo-
rescence (IF) analysis of tissues to detect IL-6 and phosphorylated STAT3 (pSTAT3), taking into consideration its nuclear 
versus cytoplasmic localization. Abundant staining for both IL-6 and pSTAT3 was evident in tumor-rich regions of each 
specimen. IL-6 correlated with cytoplasmic pSTAT3 but not nuclear or total pSTAT3 in this cohort of OPSCC tumors, 
regardless of p16 status (r = 0.682, p < 0.0001). There was a significant association between increased total pSTAT3, nuclear 
pSTAT3, cytoplasmic pSTAT3 and IL-6 in p16 negative tumors. Our data indicate STAT3 phosphorylation was a key feature 
in p16-negative OPSCC tumors. When IL-6 data was stratified by median expression in tumors, there was no association 
with overall survival. In contrast, both total and nuclear pSTAT3 were significant predictors of poor overall and disease free 
survival. This strong inverse relationship with overall survival was present in p16 negative tumors for both total and nuclear 
pSTAT3, but not in p16 positive OPSCC tumors. Together these data indicate that activation of the STAT3 signaling path-
way is a marker of p16 negative tumors and relevant to OPSCC prognosis and a potential target for treatment of this more 
aggressive OPSCC sub-population.
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Introduction

Oropharyngeal squamous cell carcinoma (OPSCC) is a 
malignancy with a high recurrence rate and poor progno-
sis when it presents at advanced stages [1]. Multimodality 
treatments (surgery, radiation, chemotherapy) lend further 
complexity to patients, as these procedures can be disfigur-
ing and contribute to functional deficits, including inability 
to effectively chew or swallow, and impaired speech [2]. 
OPSCC is a heterogeneous disease linked to infection by 
high risk human papilloma virus (HPV) in the majority of 
cases, but HPV negative OPSCC has worse prognosis than 
HPV positive disease [3]. Since EGFR targeting is currently 
an integral part of treating first-line metastatic OPSCC, the 
understanding of relevant alterations and resistance mecha-
nisms to EGFR targeting such as (i.e. HER2, ErbB3/HER3) 
is important [4, 5]. These inherent variables affect the out-
come of patients with advanced OPSCC and are a topic of 
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research in the treatment of advanced disease [6–8]. Greater 
insight into key features of this disease are clearly needed to 
inform its biology and uncover new targets that can comple-
ment existing treatment approaches.

More recently, immunotherapy targeting T cell inhibi-
tory and activating receptors have emerged as a therapeutic 
strategy that can elicit complete and durable responses in 
OPSCC. The activity of these agents has garnered further 
interest in immune features in the tumor microenviron-
ment (TME) that may influence the course of disease and 
the response of tumors to conventional or immune-based 
therapy. One prominent feature of tumors in squamous cell 
carcinoma of the head and neck (SCCHN) patients is the 
dysregulated profile of immunomodulatory cytokines that 
fuels a network of redundant immunosuppressive cellular 
and soluble factors in the TME. Collectively, these factors 
thwart antitumor T cell responses, and may limit the efficacy 
of immunotherapy. Indeed, altered systemic cytokines are 
evident in patients with advanced SCCHN, and have been 
linked to advanced disease [9–13].

Interleukin-6 (IL-6) has emerged as a prominent cytokine 
in OPSCC, given its distinct tumor-intrinsic and extrinsic 
roles. This pleiotropic Th2 cytokine binds membrane recep-
tor complexes containing the common signal transducing 
receptor chain gp130 (glycoprotein 130) [14], thereby ini-
tiating a complex series of signaling events that involve the 
Jak/STAT, NF-κB, MAPK and PI3K pathways [15, 16]. In 
particular, STAT3 is activated via phosphorylation at Tyr705 
in SCC specimens and is of interest as a therapeutic tar-
get in this disease [17]. Together, these signaling pathways 
induced by IL-6 and other cytokines promote a feed-forward 
loop of soluble factors that act concurrently upon malig-
nant cells and their supporting microenvironment. Signaling 
downstream of IL-6 is relevant in SCC tumorigenesis and 
progression via promoting cell growth and catalyzing the 
epithelial-to-mesenchymal transition [18, 19]. In addition, 
IL-6 and other Th2 cytokines can mediate immune suppres-
sion, via their ability to alter T cell phenotype, function and 
facilitate the expansion of multiple suppressive immune cell 
subsets [17, 20].

Evidence exists that STAT3 is up-regulated and constitu-
tively activated in both primary human head and neck tumors 
as well as in normal mucosa of HNSCC patients compared 
to normal mucosa from patients without cancer diagnosis 
[21]. Furthermore, it has been reported that HPV- HNSCC 
is characterized by co-activated STAT3 and NF-κB path-
ways and that this phenotype can be effectively targeted with 
combined anti-NF-κB and anti-STAT therapies [22]. In the 
present study, we hypothesized that IL-6/STAT3 signaling is 
of clinical relevance in OPSCC. We evaluated the relation-
ships between key components of this pathway along with 
other key biologic features of disease and clinical outcomes 
data from a unique cohort of fully annotated, treatment-naïve 

specimens obtained from patients with OPSCC. This study 
may lend further support to the potential for components of 
this pathway as a therapeutic target in subsets of SCCHN.

Materials and Methods

Patient Characteristics

This study was conducted using a total of 59 formalin-fixed 
paraffin-embedded (FFPE) specimens from patients with 
a diagnosis of OPSCC at the Winship Cancer Institute of 
Emory University. All specimens were obtained under an 
Institutional Review Board-approved protocol at Emory Uni-
versity and clinical characteristics were obtained in compli-
ance with the Health Insurance Portability and Account-
ability Act (HIPPA). Patient specimens for this study were 
obtained prior to any treatment for their disease between the 
years 1994–2008. Key clinical parameters including gen-
der, race, p16/HPV status, smoking status (never, former or 
current), pathologic data (differentiation, tumor stage, pres-
ence of metastasis to lymph nodes) and number of treat-
ments were all considered as variables in this analysis. These 
clinical data were obtained from clinically-annotated source 
documents including pathologic reports and other relevant 
electronic medical records.

Opal Multiplex Immunofluorescence (IF) Analysis

Double fluorescence staining (Opal520 and Opal 620) 
was obtained using a PerkinElmer Opal kit (Catalog # 
NEL821001KT, Hopkinton, MA.) Staining was optimized 
and performed according to manufacturer’s instructions. In 
brief, FFPE tissue sections were heated at 60 °C for 1 h, 
deparaffinized with series of xylenes, and rehydrated with 
decreasing concentrations of alcohol followed by formalde-
hyde fixation. The slides were subjected to antigen retrieval 
using microwave treatment (MWT) followed by cooling at 
room temperature. Tissue sections were blocked with block-
ing agent provided with the kit and incubated for 1 h with 
primary antibody against IL-6 (Santa Cruz Biotechnology, 
Dallas, TX. Clone 1, dilution 1:200) in a humidified cham-
ber. Opal polymer HRP Ms + Rb (Perkin Elmer, Hopkington, 
MA) was used as the secondary antibody. IL-6 visualization 
was accomplished using Opal 620 Fluorophore (1:100), after 
which the slides were placed in target antigen retrieval solu-
tion and heated using MWT. The slides were then incubated 
with pSTAT3 antibody (Cell Signaling Technology, Dan-
vers, MA. Clone D3A7, dilution 1:50) for overnight at 4° 
followed by secondary antibody. This primary antibody spe-
cifically recognizes STAT3 phosphorylated at tyrosine-705. 
pSTAT3 staining was visualized using Opal 520 Fluorophore 
(1:100) and the slides were placed in target antigen retrieval 
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solution for MWT to remove unbound antibody. Nuclei were 
subsequently stained with 4′,6-diamidino-2-phenylindole 
solution provided along with the kit, and the sections were 
coverslipped using Prolong Gold mounting media (Thermo 
Fisher Scientific). In each batch of the IF staining, colon can-
cer tissues provided by pathology core of Emory University 
School of Medicine and known to have immune reactivity 
to pSTAT3 or IL-6 antibody were used as positive controls. 
IF staining which lacks the relevant primary antibody was 
used as negative control (Fig. 1).

Imaging Analysis with Nuance Imaging System 
and InForm Software

Three tumor images were captured randomly for each of 
the samples at × 200 magnification using Nuance imag-
ing system (PerkinElmer), which captures the fluorescent 
spectra at 20 nm wavelength intervals from 420 to 720 nm 
with identical exposure times, and combines them to create 
a single stacked image. Images of single-stained tissues and 

unstained tissue were used to extract the spectrum of each 
fluorophore and of tissue autofluorescence, respectively, 
and to establish a spectral library required for multispectral 
unmixing before obtaining the images from the samples. 
Image analysis was performed using InForm image analy-
sis software (PerkinElmer). InForm software analysis allows 
objective counting of cell populations and biomarker signals 
and increases accuracy of statistical analysis. Algorithms for 
the three images randomly selected from the tissues and sub-
cellular compartment separation were created by machine 
learning function built in InForm software. All algorithms 
created by machine learning had approximate precision 
above 90%, and were used for separating tissue morphol-
ogy into tumor and stroma, and to identify nuclei to accu-
rately assign associations for positive staining to a specific 
compartment in the tumor microenvironment. All immu-
nostains and subsequent segmented InForm analysis images 
were examined by a head and neck pathologist (CCG) for 
accuracy using pseudo-hematoxylin images (Fig. 1a) and 
referencing with a hematoxylin and eosin (H&E) stain from 

Fig. 1   Immunofluorescence 
staining of IL-6 and pSTAT3 
in OPSCC cases. a Three areas 
were randomly selected while 
taking pictures at × 200 and 
were analyzed using inFORM 
analysis software, which quanti-
fies the segmented tissue based 
on respective biomarker expres-
sion. OPSCC cases OP146 and 
OP120 are P16 Negative (high 
expression) and OP108 is P16 
positive (low expression). The 
far panel depicts pseudo hema-
toxylin stains for each image to 
illustrate morphology. b Subcel-
lular localization of phospho-
rylated STAT3 in the nuclear 
(red arrows) and cytoplasmic 
(green arrows) compartments of 
a representative OPSCC case. 
c Staining from representative 
negative controls (no primary 
antibody), or a human colorectal 
cancer specimen with positivity 
for IL-6 and pSTAT3 as a posi-
tive control
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the same patient. This strategy was used to enrich the fields 
of view for tumor-rich regions, although it did not formally 
exclude all non-malignant cells.

Statistical Analysis

Descriptive statistics were first used to summarize the 
characteristics for each patient. To assess the correlations 
between categorical clinical factors and numerical biomarker 
variables, t test or ANOVA tests were conducted when data 
followed a normal distribution, otherwise Wilcoxon rank 
sum test or Kruskal–Wallis test were used instead. Pearson 
correlation coefficients were calculated to measure the corre-
lation between two numerical variables, and the significance 
of coefficients were tested using Wald’s test. For disease 
free survival (DFS), disease progression or death from any 
cause was defined as the event. Time of DFS was calculated 
as the time from study enrollment to disease progression 
date, death date, or last contact whichever comes first. For 
overall survival (OS), death from any cause was defined as 
the event. Time of OS was calculated as the time from study 
enrollment to death or last contact. For both DFS and OS, 
patients were censored at time of last follow-up. OS and DFS 
rates of two patient groups stratified by each biomarker or 
other factors were estimated with the Kaplan–Meier method 
and compared between different groups using the log-rank 
test, respectively. The DFS and OS of each patient group 
at specific time points, such as 1 year, 3 years, and 5 years, 
etc. were also estimated alone with 95% CI. Cox propor-
tional hazards models were further used in the multivari-
able analyses to assess adjusted effects of biomarkers on 
the patients’ OS and DFS after adjusting for other factors. 
The proportional hazards assumption was evaluated graphi-
cally and analytically with regression diagnostics. All data 
management and statistical analysis were conducted using 
SAS Version 9.4 (SAS Institute, Inc., Cary, North Carolina).

Results

Patient Demographics and Tumor Characteristics

Tumor specimens from a total of n = 59 patients diagnosed 
with oropharyngeal squamous cell carcinoma (OPSCC) were 
analyzed in this study (Table 1). The median age of this 
patient cohort was 58 years, consistent with demographics 
of this disease [3]. The majority of patients enrolled in this 
study were Caucasian (44.1%) and 78% were male. Never 
smokers comprised 15.3% of the patients, while 44.1% and 
40.7% were former or current smokers, respectively. Most 
tumors were early stage (T1/2 = 90.7%), moderately or 
poorly differentiated (MD = 45.8%; PD/NK = 50.8%), with 
nodal involvement (65.7% ≥ N1). While all tumors were 

obtained prior to any treatment for OPSCC, most patients 
included in this cohort received subsequent therapy with 
radiation (65.5%) or chemoradiotherapy (21.8%). Finally, 
64.4% of patient tumors were positive for p16, a surrogate 
for HPV involvement [3]. These data permitted us to stratify 
staining data for IL-6 and pSTAT3 based on p16 status, and 
identify potential associations between disease biology and 
this key cytokine or its canonical downstream signaling 
pathway.

Multiplex IF Analysis of IL‑6, pSTAT3 and Their 
Association with Clinical Parameters in OPSCC

The multiplex Opal platform was utilized for IF analysis of 
tissues to detect IL-6 and phosphorylated STAT3 (pSTAT3) 
in the same area of interest (AOI), taking into considera-
tion its nuclear versus cytoplasmic localization. The Opal 
platform allows simultaneous detection of multiple bio-
markers using Opal-reactive Fluorophores within the same 
AOI. This technology permits unmixing of signals between 
spectral wavelengths and quantification of signals based on 
their expression in cellular compartments. Multispectral 
IF staining from a representative tumor section is shown 
in Fig. 1 and demonstrates abundant staining for both IL-6 
and pSTAT3 in tumor-rich regions of each specimen. Pri-
mary tumors from patients with nodal metastasis had signifi-
cantly reduced nuclear pSTAT3 as compared to those with-
out metastasis by univariate analysis (Table 1; p = 0.03). In 
contrast, no relationship between total pSTAT3 (combined 
nuclear and cytoplasmic staining), cytoplasmic pSTAT3 or 
IL6 was observed for any of the variables of interest when 
considered in univariate analyses. IL-6 correlated with cyto-
plasmic pSTAT3 but not nuclear or total pSTAT3 in this 
cohort of OPSCC tumors, regardless of p16 status (r = 0.682, 
p < 0.0001). Since EGFR and IL-6 can elicit cross talk via 
the Jak/STAT pathway [23, 24], other canonical receptors of 
relevance to the EGFR pathway were also measured using 
standard IHC methodology as reported in our recent publica-
tion [8]. EGFR, HER2, and HER3 all displayed prominent 
expression on tumor cells contained within each specimen.

Activation of the IL‑6/STAT3 Signaling Pathway 
is Restricted Primarily to p16 Negative OPSCC 
Tumors

Individual covariates of interest were also considered in the 
context of p16 status for this analysis. There was a signifi-
cant association between increased total pSTAT3, nuclear 
pSTAT3, cytoplasmic pSTAT3 and IL-6 in p16 negative 
tumors (Table 2). These data were further analyzed in the 
context of expression data from our other receptors of rel-
evance to OPSCC that influence EGFR signaling (EGFR, 
HER2, HER3) or immune response (PD-1, PD-L1, PD-L2) 
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[8]. Of these covariates only IL-6 was significantly corre-
lated with EGFR expression across all tumors (r = 0.289; 
p = 0.026) and among p16 negative tumors (r = 0.5347; 
p = 0.015) (Table S1–3).

Expression of pSTAT3 in OPSCC Tumors is Associated 
with Reduced Overall and Disease‑Free Survival

The relationship between IL-6/pSTAT3 components in 
OPSCC tumors and survival was next evaluated. When IL-6 
data was stratified by median expression values in tumors, 
there was no association with overall survival. In contrast, 
both total (hazard ratio 0.19, 95% CI 0.07–0.53) and nuclear 
(hazard ratio 0.28, 95% CI 0.11–0.71) localized pSTAT3 
were significant predictors of poor overall survival (Fig. 2a, 
b), as well as disease free survival (Fig. 3a, b). This strong 
inverse relationship between pSTAT3 and overall survival 

was present in p16 negative tumors for both total (hazard 
ratio 0.11, 95% CI 0.01–0.89, p < 0.001) and nuclear (hazard 
ratio 0.11, 95% CI 0.01–0.89, p < 0.001) localized pSTAT3, 
but not in p16 positive OPSCC tumors (Table 3).

Discussion

Measuring key cytokines and signaling events can give 
insight into the biology of tumors, their clinical relevance 
and provide data to inform novel therapeutic targets. This 
report addresses the role of IL-6 and activation of STAT3, 
its canonical downstream transcription factor in tumors from 
a well-defined cohort of OPSCC patients. Importantly, all 
tumors were obtained from patients upon their initial diag-
nosis, thus reflect underlying biology of the tumors, rather 
than treatment exposure which could influence results. Our 
data indicate STAT3 phosphorylation is a key feature in 
p16-negative OPSCC tumors. This observation highlights 
the need for additional study into relationships between acti-
vation of this key oncogenic pathway and the role of HPV in 
these tumors. The significant relationship between pSTAT3, 
p16 status and patient survival in this cohort of treatment 
naïve tumors is certainly novel, and consistent with other 
published reports. A prior study by Verma et al. also uncov-
ered a relationship between activation of STAT3 and other 
inflammatory signaling pathways (AP-1 and NF-κB) in p16 
negative oral cancer [25]. The present study compliments 
these results in an additional cohort of patients, and provides 
further data linking this pathway to both overall and disease 
free survival. Consistent with the dichotomy in STAT3 phos-
phorylation and p16 status, we observed a strong relation-
ship between phosphorylated STAT3 and reduced overall 

Table 2   Comparison of biomarkers between p16 positive patients and 
negative patients

Covariate Statistics p16 Parametric p 
value*

Negative 
(N = 21)

Positive 
(N = 38)

Nuclear pSTAT3 Mean 1.25 0.78 < 0.001
SE 0.43 0.37

Cyto pSTAT3 Mean 0.15 0.1 < 0.001
SE 0.07 0.04

Total pSTAT3 Mean 0.86 0.57 < 0.001
SE 0.27 0.24

Total IL6 Mean 0.67 0.61 0.009
SE 0.09 0.07

Fig. 2   The relationship between overall survival and a nuclear pSTAT3 and b total STAT3 is depicted in months as a Kaplan–Meier Plot show-
ing product-limit survival estimates
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and disease free survival. Together these data indicate that 
activation of the STAT3 signaling pathway is a marker of 
p16 negative tumors and relevant to OPSCC prognosis and a 
potential target for treatment of this more aggressive OPSCC 
sub-population.

In contrast to pSTAT3, intratumoral IL-6 expression 
was not associated with p16 status or clinical outcomes in 
this cohort of patients. These results do not support IL-6 
as a key predictive marker in untreated OPSCC tumors or 
an added biomarker to differentiate between tumors with 
a higher likelihood of HPV-involvement. This likely also 
reflects the redundancy by which STAT3 phosphorylation 
can be achieved in the tumor microenvironment [17]. Cer-
tainly multiple cytokines or growth factors over-expressed 
in OPSCC tumors have potential to activate Jak-STAT signal 
transduction to promote proliferative and metastatic gene 
expression profiles. These include VEGF, IL-10, and EGF, 
among others [26]. Furthermore, many tumors including 

OPSCC and HNSCC often display constitutive STAT3 
phosphorylation. In other systems this can occur in response 
to mutations in genes encoding upstream kinases, such as 
SRC [27]. Finally, STAT3 activation was less prevalent in 
specimens from patients with tumor-positive lymph nodes. 
Though STAT3 signaling was reported to support epithelial-
mesenchymal transition (EMT) [28, 29], studies in SCCHN 
remained mostly in cell line models. Our observation on 
the relationship between lymph node status and activation 
of STAT3 is the first with a focus on OPSCC tissues. In 
OPSCC, it is known that HPV positive OPSCC has high 
frequency of lymph node involvement which may not be 
induced by STAT3 activation since pSTAT3 level is higher 
in HPV negative than HPV positive OPSCC. A more com-
prehensive understanding into the molecular profile of indi-
vidual OPSCC tumors could certainly be of value in under-
standing the stimuli responsible for activation of STAT3 in 
these tumors beyond the presence of IL-6.

Fig. 3   The relationship between disease-free survival and a nuclear pSTAT3 and b total STAT3 is depicted in months as a Kaplan–Meier Plot 
showing product-limit survival estimates

Table 3   OS and DFS Hazard Ratio of Dichotomized Biomarkers

Bold values indicate p < 0.05

Covariate Level N OS in month DFS in month

Hazard ratio (95% CI) Log-rank p value Hazard ratio (95% CI) Log-rank p value

Nuclear pSTAT3 < Median 26 0.28 (0.11–0.71) 0.004 0.15 (0.04–0.53) < 0.001
> Median 23 – – –

Cyto pSTAT3 < Median 26 0.58 (0.24–1.38) 0.212 0.49 (0.17,1.39) 0.170
> Median 23 – – –

Total pSTAT3 < Median 26 0.19 (0.07–0.53) < 0.001 0.13 (0.04–0.48) < 0.001
> Median 23 – – –

Total IL6 < Median 27 0.98 (0.42–2.31) 0.964 1.43 (0.51–4.01) 0.498
> Median 22 – – –
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Despite the lack of association between IL-6 and clinical 
parameters, it is worth noting that IL-6 promotes resistance 
of tumors to systemic cytotoxic and local radiotherapy, and 
remains important in the context of standard-of-care treat-
ment. For instance, IL-6 levels are increased in SCCHN 
patient tissues following conventional therapies includ-
ing radiation [30–34], chemotherapy [9, 35], and targeted 
therapies [36]. Evidence suggests that IL-6 can mediate 
resistance to radiation by suppressing oxidative stress via 
the Nrf2-antioxidant pathway in OPSCC [37]. These data 
implicate IL-6 as a clinically-relevant mediator of therapeu-
tic resistance in SCC of the oropharynx and head and neck. 
Certainly, with IL-6 targeting agents being FDA-approved 
for other indications, the potential to translate data from pre-
clinical studies into patients is quite feasible.

Some key strengths of these analyses from our single 
institution experience include the use of a well-annotated 
collection of tumor specimens from treatment naïve patients, 
and use of an innovative, quantitative imaging analysis plat-
form. This has resulted in a robust dataset that produced 
information for both nuclear and cytoplasmic STAT3. This 
study also has a number of inherent limitations that are 
important to note in interpreting the data. First, p16 sta-
tus was utlized as a surrogate for HPV infection, which 
although is well-accepted, could influence our conclusions. 
Second, there was a significant difference in the proportion 
of African American versus caucasian patients and a greater 
number of male versus female patients in this study. These 
factors reflect the cohort of patients who consented to this 
study, rather than the true demographic distribution of the 
disease across all patients. This certainly could influence the 
results and limit conclusions from this study across other 
patient groups who may be of a different racial profile. Con-
sidering these limitations, care should be taken in future 
validation cohorts to encompass a more balanced demo-
graphic distribution of patient tissues so that conclusions 
can be better generalized. Finally, given the limited quantity 
of tissue available, the expression of IL-6 and pSTAT3 was 
measured via a single histologic approach. Since cytokines 
can be present in the extracellular space, their detection can 
be problematic. Although this remains an inherent techni-
cal limitation, these biomarkers have been detected suc-
cessfully by our group in tumors from other origins, such 
as pancreatic cancer [38], and the expression of IL-6 and 
cytoplasmic pSTAT3 were indeed correlated in specimens 
from this study.

In conclusion, these data provide new insight into the 
role of IL-6 and pSTAT3 expression in OPSCC tumors and 
their relationship to key phenotypic and clinical outcomes. 
The results justify additional investigation into the role of 
STAT3 or its upstream cytokines as key factors that influ-
ence the biology of p16 negative tumors, and potentially a 
viable target for therapeutic intervention.
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