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Abstract

Management of locally advanced head and neck squamous cell carcinoma (HNSCC) requires a multi-prong approach 
comprising surgery, radiation and/or chemotherapy, yet outcomes are limited. This is largely due to a paucity of biomarkers 
that can predict response to specific treatment modalities. Here, we evaluated TGFβ3 protein levels in extracellular vesicles 
(EVs) released by HNSCC cells as a predictor for response to chemoradiation therapy (CRT). To this end, specific EV-fractions 
were isolated from cell lines or HNSCC patient plasma, and TGFβ3 protein was quantified. In patients treated with CRT, 
TGFβ3 levels were found to be significantly higher in plasma EV-fractions or non-responders compared with responders. 
High levels of TGFβ3 levels in Annexin V-EVs were associated with the worst progression-free survival. In vitro experiments 
demonstrated that TGFβ3 silencing sensitized HNSCC cells to cytotoxic therapies, and this phenotype could be rescued by 
treatment with exogenous. In addition, specific EV-fractions shed by cisplatin-resistant cells were sufficient to transfer the 
resistant phenotype to sensitive cells through activation of TGFβ-signaling pathway. Therefore, our data show that TGFβ3 
transmitted through EV plays a significant role in response to cytotoxic therapy, which can be exploited as a potential 
biomarker for CRT response in HNSCC patients treated with curative intent.

Introduction
Biomarker-directed therapeutic decisions remain the corner-
stone for precision oncology, most widely practiced in the 
utilization of targeted therapy. However, it is equally critical 
to define biomarkers of response to conventional cytotoxic 
therapy, commonly used for most solid tumors. This is evident 
in head and neck squamous cell carcinoma (HNSCC), which is 
one of the most common lethal malignancies worldwide (1,2). 

For locally advanced HNSCC affecting the oropharynx, larynx 
and hypopharynx, concurrent chemoradiation therapy (CRT), 
with or without induction chemotherapy (IC) has been estab-
lished as the paradigm of treatment with curative intent (3). 
Nonetheless, a significant number of patients fail to respond 
and develop recurrent/progressive disease, where surgery is the 
only available option. For these patients, ineffective treatment 
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choices result in an unwanted delay of potentially curative 
surgery. In addition, surgery is made challenging in a heavily 
pretreated patient and a radiated field (4). The ability to predict 
treatment failure and identify patients early could help to opti-
mize treatment decisions and direct patients to more aggressive 
treatment up-front. Therefore, there is an unmet need for ro-
bust and ideally non-invasive predictive biomarkers for HNSCC 
treated with CRT.

In this context, non-invasive, robust blood-based markers 
are ideal, and if these can be shown to be involved in the biology 
of treatment response also have the additional potential to be 
therapeutic targets (5). However, identifying putative markers 
in the blood, plasma or serum is fraught with many technical 
issues, especially the presence of high-abundance proteins in 
these compartments, resulting in low signal-to-noise ratio. The 
discovery of extracellular vesicles (EVs: exosomes, microvesicles, 
apoptotic bodies) could circumvent these issues and allow ana-
lyses of a much ‘cleaner’ serum/plasma compartments (6).

EVs are lipid bilayer membrane vesicles carrying proteins, 
lipids, nucleic acids and sugars (6,7). Tumor cells are avid EV 
producers, which can function in a paracrine manner or carried 
through the circulation to target cells (8,9), where their cargo can 
influence immune evasion, tumorigenesis, cancer progression, 
metastatic spread and response to treatment (10–12). Of note, 
HNSCC are known to produce EVs into the circulation (13,14). 
These could potentially be used in diagnosis, prognosis and 
predicting response to treatment, as they offer a non-invasive 
window into the tumor and its microenvironment (15). In par-
ticular, EVs have been implicated in mediating drug resistance 
in tumor cells by transferring proteins such as P-glycoprotein 
(ABCB1) able to export drugs or sequester drugs in EVs for re-
moval from tumor cells or transferring micro RNA to activate 
genes to counter the effects of the drugs in recipient cells (11).

We recently conducted a high-throughput screen of spe-
cific plasma EVs, comparing responders and non-responders in 
HNSCC treated with CRT to identify potential markers of treat-
ment response (16). Among the potential markers in plasma 
EVs, TGFβ3 emerged as a putative candidate that correlated 
with treatment. Previous studies have shown that transforming 
growth factor beta (TGFβ) signaling appears to have a wide-
spread function in tumor initiation, progression and metastases 
(17–19). TGFβ superfamily has also been implicated in epithe-
lial–mesenchymal transition and in maintaining the stem cell 
fraction, which in turn plays an important role in radio- and 
chemoresistance. Consistent with this, TGFβ1 expression in 

HNSCCs has been shown to correlate with poor disease out-
come, but not with treatment response (20,21). Although plasma 
levels of TGFβ have been used as a prognostic marker in gastric, 
breast, lung, hepatocellular, colorectal and renal cell carcinomas 
(22–27), its use in HNSCC, especially in the context of treatment 
response remains untested.

On the basis of our previous screen, we, therefore, exam-
ined the association of circulating EV-associated TGFβ3 with re-
sistance to cytotoxic chemo- and radiation therapy in HNSCC. 
Our data demonstrate the potential of TGFβ3 in circulating EVs 
as a potential blood-based predictive biomarker for treatment 
response in HNSCC patients treated with CRT and suggests a 
role for EV-TGFβ3 signaling in mediating resistance to cytotoxic 
drugs.

Material and methods

Patients and trial
This study involved plasma samples from 38 patients with locally ad-
vanced HNSCC who underwent chemoradiotherapy protocol as part of 
a phase 2 clinical trial to test the effect of IC followed by concomitant 
CRT in the treatment of HNSCC patients between 2009 and 2010 at the 
Department of Head and Neck Surgery, Barretos Cancer Hospital (Barretos, 
São Paulo, Brazil). In summary, IC consisted of intravenous paclitaxel 
(175 mg/m2) and cisplatin (80 mg/m2), and CRT consisted of concomitant 
radiotherapy (2 Gy/day, 5 days/week for 7 weeks) and cisplatin (100 mg/m2, 
administered intravenous on days 1, 22 and 43), initiated at 3 weeks after 
the third cycle of IC (4).

This study was approved by the ethics committees of Federal University 
of São Paulo (#1610/2016) and Barretos Cancer Hospital (#231/2009). The 
study included patients with histologically confirmed locally advanced 
stage III or IV a-b (M0) squamous cell carcinoma of the oral cavity, larynx, 
oropharynx, or hypopharynx, that signed an informed consent to undergo 
the treatment as outlined. All patients were required to have measurable 
disease by Response Evaluation Criteria in Solid Tumors (RECIST, version 
1.1) at the start point, and disease response was evaluated after IC and 
after CRT using the RECIST criteria. Briefly, tumor response to treatment 
was considered as complete response (CR) when there was the disappear-
ance of all detectable lesions, and non-response (NR) as tumor response 
less than complete, the appearance of a new lesion, or increase of any 
lesion classified as measurable at initial examination (including tumor re-
currence). Further details of the trial, including the definition of tumor 
response as partial response (PR), stable disease) or progression of disease 
can be found in the previously published results (4). For statistical ana-
lysis, patients with CR and PR after IC were grouped and compared with 
those with stable disease or progression of disease. On the other hand, 
when considering CRT response, only patients with CR were compared 
with all NR patients, which included those presenting PR, stable disease 
or progression of disease after the completion of the treatment protocol. 
All plasma samples were collected at diagnosis, before CRT (pretreatment 
samples).

Cell line culture and treatment
HNSCC cell lines used in this study were either obtained from ATCC (FaDu-
ATCC HTB-43 and SCC25-ATCC CRL-1628) or patient-derived (NCC-HN120 
and NCC-HN137). The cisplatin-resistant (CisR) lines used in this study 
were previously described (28,29). The authenticity of the commercial 
cell lines was confirmed by short tandem repeat profiling method, which 
was carried out 6 months before the start of the experiments. For drug 
treatment, control cells (CTRL) were treated with 10 μM TGFβR inhibitor 
(TGFβRi; #LY2109761, Cayman Chemical, MI) and the cells−TGFβ3 with 10 ng/
ml of exogenous TGFβ3 (#PT-4124; Lonza, Basel, Switzerland). Subsequent 
cytotoxic drug doses were as follows for SCC25 and FaDu cells: 5.0 μM and 
10 μM of cisplatin (#PHR1624; Sigma–Aldrich, St Louis, MO) or 0.01 μM and 
0.03 μM of paclitaxel (#PHR1803; Sigma–Aldrich), respectively. Proliferation 
was quantified using MTS assays (CellTiter-Glo; Promega, Madison, WI) ac-
cording to the manufacturer’s protocol. The relative luminescence units 
from treated wells were normalized against dimethyl sulfoxide control 

Abbreviations 

AV Annexin V
CisR cisplatin resistant
CTB Cholerae Toxin chain B
CR complete response
CRT chemoradiation therapy
ELISA enzyme-linked immunosorbent assay
EV extracellular vesicle
HNSCC head and neck squamous cell 

carcinoma
IC induction chemotherapy
PBS phosphate-buffered saline
PR partial response
RT-qPCR reverse transcription quantitative 

polymerase chain reaction
TGFβ transforming growth factor beta
WT wild type
VSF vesicular secretome fraction 

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/advance-article-abstract/doi/10.1093/carcin/bgz148/5553074 by A

*S
T

A
R

 c/o N
U

S
 C

entral Library user on 06 January 2020



D.M.Rodrigues-Junior et al. | 3

wells and expressed as a percentage of viable cells. Apoptosis was quan-
tified using Annexin V-FITC assays according to the manufacturer’s 
protocol (#1006; Biovision, San Francisco, CA). All treatment experiments 
were performed in triplicate, with three separate biological replicates for 
each assay.

For cell lines EVs-based treatment, cisplatin-sensitive cells were in-
cubated for 72 h with cisplatin (1.0 μM) or paclitaxel (0.01 nM) in EV-free 
media, which consists of RPMI-1640 (ThermoFisher, Waltham, MA) sup-
plemented with 10% fetal bovine serum (ThermoFisher) and 0.01  µg/
ml penicillin–streptomycin (ThermoFisher) filtered in a 50 kDa Ultra-15 
Centrifugal Filter (Amicon, Millipore, MA), with or without the addition of 
the vesicular secretome fraction (VSF; volume normalized to the equiva-
lent to 100  ng CD81) previously harvested from CisR cells. After this 
co-treatment, functional assays were performed to observe if EVs could 
mediate cisplatin response.

EVs isolation
To isolate EVs, the cells were incubated for 72  h in phenol-red free-
DMEM (#31053; Gibco, Waltham, MA), supplemented with 5% Insulin-
Transferrin-Selenium-Ethanolamine (#51500-056; ThermoFisher), 10 mM 
Non-Essential Amino Acids (#11140-050; ThermoFisher), 500  μg fibro-
blast growth factor-basic (#13256-029; ThermoFisher), 100 mM of Sodium 
Pyruvate and 55 mM of β-Mercaptoethanol (#21985-023; ThermoFisher). 
After 72 h, the culture medium was collected and centrifuged at 250g for 
5 min to remove the dead cells. The supernatant was filtered on a 0.22 μm 
filter and further concentrated 20× by tangential flow filtration on a 50 kDa 
Ultra-15 Centrifugal Filter (Amicon) by centrifugation at 1200g for 20 min. 
This concentrated fraction is the VSF.

EVs fractions could be differentiated by their membrane phospholipid 
composition: specifically GM1-gangliosides and phosphatidylserine, which 
have a high specific binding affinity for Cholerae Toxin chain B (CTB) and 
Annexin V (AV), respectively (30,31). Briefly, 150 µl plasma or 100 µl VSF was 
incubated with 0.5 μg biotinylated CTB (#C34779; ThermoFisher) or 0.5 μg 
biotinylated AV (#K109; Biovision, San Francisco, CA) in 100 μl phosphate-
buffered saline (PBS) or AV binding buffer, respectively for 60 min at 37°C. 
After the addition of 50 μl pre-washed Dynabeads MyOne Streptavidin T1 
(#65602; ThermoFisher), the mixture was incubated for 30 min at 25°C. The 
magnetic beads were immobilized and the supernatant was collected as 
EV-depleted fraction. The beads were washed three times with 200 μl PBS, 
and the isolated EVs bounded to CTB or AV-beads were stored at −20°C for 
up to 30 days.

Characterization of EVs
The size distribution of EVs present in the VSF was measured using the 
ZetaView (Particle Metrix, Ammersee, Germany) or NanoSight (Malvern, 
Worcestershire, UK). The modal diameter of the EVs was used in the stat-
istical analyses. To visualize EVs through scanning electron microscopy, 
the VSF preparation was incubated with biotinylated CTB or AV, and CTB-/
AV-bound EVs were captured on streptavidin-coated polystyrene particles 
(#SVP-15-5; Spherotech, Chicago, IL), as previously described (31). The 
beads were suspended in 50 μl PBS and fixed with formaldehyde solution 
(formaldehyde 2%, glutaraldehyde 2.5%, sodium cacodylate 0.1 M pH 7.2) 
before scanning on a FEI Quanta 250 FEG scanning electron microscope 
(ThermoFisher).

Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assay (ELISA) was used to quantify CD81 
and TGFβ3 in CTB- or AV-EV fraction present in VSF or plasma sam-
ples. For CD81 detection, after EVs extraction, immobilized beads were 
washed twice with 100 µl wash buffer (0.1% BSA in PBS) and incubated 
with 100  µl 1:500 diluted anti-CD81 antibodies (#SC-7637; Santa Cruz 
Biotechnologies, Dallas, TX), washed and incubated again with 1:5000 
diluted HRP-conjugated goat anti-mouse secondary antibodies 1:5000 
diluted (#SC-2031; Santa Cruz Biotechnologies). HRP activity was deter-
mined using Amplex Red Substrate (Life Technology, Grand Island, NY) as 
per manufacturer’s protocol. The relative levels of CD81 in CTB- or AV-EVs 
were established as the ratio of the number of total cells (x) per total pro-
tein amount that was measured when the VSF was collected (y), by the re-
spective concentration of CD81 (z) [(x/y)/z]. For TGFβ3 uncovering, CTB- and 

AV-EVs isolated were lysed with cell lysis buffer (#K269; Biovision), and 
ELISA sandwich assay was conducted following the manufacturer’s in-
structions (#LS-F2825; LSBio, Seattle, Washington, DC), in which the EVs 
content and crude plasma were previously incubated with solution A (1 N 
HCl) and B (1.2 N NaOH/0.5 M HEPES) for TGFβ3 activation. The CD81 ex-
pression level normalized the relative expression level of TGFβ3 (pg/ml) in 
EVs shed by cell lines.

RNA extraction, cDNA synthesis and RT-qPCR
RNA extraction and reverse transcription quantitative polymerase chain 
reaction (RT-qPCR) were performed as previously described (32). Expression 
levels of the three isoforms of TGFβ were determined by RT-qPCR using 
beta-actin (ACTB) levels to normalize expression. The primer sequences for 
TGFβ isoforms were previously described (33).

Knockout—CRISPR-Cas9 system
pSpCas9(BB)-2A-Puro (pX459) V2.0 plasmid was used as a delivery 
system (34). gRNA sequences targeting TGFβ3 and a scramble gRNA 
(Supplementary Table 1, available at Carcinogenesis Online) were cloned at 
BbsI restriction site of pX459 plasmid. After sequencing validation, trans-
fections were performed by electroporation using a Nucleofector 2b fol-
lowing the manufacturer’s recommendations (Cell Line Nucleofector Kit 
C, program X-005; Lonza, Basel, Switzerland) with 2.0  μg pX459-gRNA 
plasmids and 1 × 106 cells. Cells transfected with scramble CTRL and cells 
−TGFβ3 (TGFβ3 knocked-out) were selected with puromycin (FaDu 2.5 μM and 
SCC25 1.0 μM). The TGFβ3 knockout was confirmed by western blot (WB).

Western blot
WBs were performed as previously described (29). Antibodies used were 
purchased from Cell Signaling [MA; anti-SMAD2 (#5339), anti-pSMAD2 
(#18338), anti-ERK (#4695), anti-pERK (#4370), anti-αβTUBULIN (#2148), 
anti-GAPDH (#8884), goat anti-mouse (#7076), anti-rabbit IgG HRP-
linked (#7074)] or from Santa Cruz Biotechnology [Dallas, TX; anti-TGFβ3 
(#166833), anti-CD9 (#SC-13118) and anti-CD81 (#SC-7637)]. ImageJ bun-
dled with Java 1.8.0_172 (US National Institutes of Health, MD) was used to 
normalize TGFβ3 intensity, according to αβ-TUBULIN expression.

Statistical analyses
Comparison of values obtained in cell viability and cell death assays were 
analyzed with GraphPad Prism 6 (GraphPad Software, San Diego, CA) using 
one-way ANOVA, and multiple paired comparisons were conducted by 
means of the Bonferroni’s post-test method.

Mann–Whitney, χ 2 or Fisher exact tests were used to evaluate the asso-
ciations between TGFβ3 expression, treatment response, disease progres-
sion and clinical variables, as appropriate. The Kaplan–Meier method was 
used to estimate the progression-free survival of patients, and the log-
rank test was used to examine the differences between groups. A multi-
variate logistic regression was performed to identify the independent 
variables associated with treatment response in the organ preservation 
protocol and performed in a step-forward fashion to estimate the odds 
ratio. The multivariate logistic regression model included clinical and mo-
lecular variables with P value <0.20 in the univariate analysis to build a 
final model. The final model was further adjusted for clinically relevant 
variables. These statistical analyses were performed using SPSS statistics 
23.0 (IBM, NY). A P-value <0.05 was necessary to determine all statistically 
significant differences.

Results

Plasma TGFβ3 expression correlates with disease 
progression

We had previously identified TGFβ3 as a potential marker for re-
sponse to CRT in a high-throughput screen designed to compare 
plasma EV fractions between responders and non-responders 
to CRT. To validate these findings, we set out to quantify TGFβ3 
protein levels in three distinct plasma compartments of pa-
tients treated with CRT: crude plasma, CTB-EVs and AV-EVs. 
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The clinical and histological features of the 38 patients with 
locally advanced HNSCC enrolled in this study are presented 
in Supplementary Table 2, available at Carcinogenesis Online. In 
summary, the median follow-up for this cohort was 4 years and 
the patients were predominantly males (n = 34; 89.5%), with age 
ranging from 37 to 76 years (median: 56 years). The use of to-
bacco (current and former) was reported by 36 patients (94.8%), 
whereas only 5.3% of the cases were human papillomavirus-
associated cancers. Primary tumor sites included oral cavity 
(n =  2, 5.3%), oropharynx (n =  22, 57.9%), hypopharynx (n =  5, 
13.2%) and larynx (n = 9, 23.7%). Majority of tumors were locally 
advanced (T3/T4, 92.1%), and during the follow-up period 27 
patients (71.1%) demonstrated CR or PR to IC, and 22 patients 
(57.9%) presented CR to CRT (there were 3 patients who did not 
complete the treatment protocol, and thus were not evaluated 
after the CRT).

TGFβ3 concentration was measured in CTB-EVs, AV-EVs and 
in crude plasma samples from blood obtained from patients 
prior to any treatment, and quantified using ELISA. TGFβ3 levels 
in CTB-EVs and AV-EVs had mean and median concentrations 
of 580.0 and 562.7 pg/ml (range: 73.1–1328 pg/ml), and 666.6 and 
672.3 pg/ml (range: 89.9–1390 pg/ml), respectively. In the total 
plasma samples, TGFβ3 concentration was significantly lower 
with mean and median of 13.9 and 5.6 pg/ml (range: 0–73.7 pg/
ml). Importantly, TGFβ3 concentrations were significantly higher 
in CTB-EV and AV-EV fractions from non-responders compared 
with complete responders for both IC and CRT treatments 
(Figure 1A and B). In contrast, crude plasma concentration of 
TGFβ3 was not associated with treatment response. On the basis 
of the Youden index obtained from receiver operating character-
istic curves for IC response, cutoff values for TGFβ3 concentra-
tion in AV-EVs and CTB-EVs were 769.0 pg/ml (area under the 
receiver operating characteristic curve: 0.912) and 585.0 pg/ml 
(area under the receiver operating characteristic curve: 0.838), 
respectively (Supplementary Figure 1, available at Carcinogenesis 
Online). These cutoff values were used to categorize patients 

and determine associations with clinical-pathological charac-
teristics including age, gender, tobacco consumption, primary 
tumor site, human papillomavirus-status, resectability status, 
stage and final response to CRT. Statistical analysis shows TGFβ3 
concentration in AV-EVs was significantly associated with CRT 
response (Table 1). No other associations were observed be-
tween the other clinical features and concentration of TGFβ3. In 
line with this, Kaplan–Meier analysis for progression-free sur-
vival showed that patients with higher TGFβ3 levels in AV-EVs 
had poorer outcomes (Figure 1C). On the basis of the cutoff de-
fined earlier, 73.3% of patients with high TGFβ3 levels in AV-EVs 
developed disease progression in 4 years, compared with 52.2% 
of patients with low TGFβ3 levels (P = 0.038). Furthermore, lo-
gistic regression analysis adjusted by age, tumor resectability 
and TGFβ3 levels in plasma AV-EVs showed that TGFβ3 concen-
tration (odds ratio = 9.14; 95% confidence interval = 1.50–55.50; 
P = 0.016) and tumor resectability (odds ratio = 8.67; 95% con-
fidence interval = 1.34–54.84; P = 0.021) remained independent 
prognostic factors for final response to CRT (Table 2).

TGFβ3 expression in HNSCC cell lines

IC50 levels for cisplatin were determined in two intrinsically re-
sistant lines and in two pairs of isogenic patient-derived lines, 
where cisplatin resistance was established by stepwise incre-
ments of sublethal cisplatin doses. IC50 levels for CisR lines 
were 36.3 μM for NCC-HN120 CisR, 13.8 μM for FaDu, 10.0 μM 
for NCC-HN137 CisR and 6.8 μM for SCC25, whereas IC50 levels 
for sensitive lines were 2.8 μM for NCC-HN120 and 1.0 μM for 
NCC-HN137 (Figure 2A and Supplementary Figure 2, available at 
Carcinogenesis Online). RT-qPCR assay was then performed to de-
termine if the expression levels of TGFβ correlate with cisplatin 
sensitivity in these cell lines. We were not able to detect any cor-
relation between cisplatin sensitivity and expression levels of 
TGFβ1 or TGFβ2 isoforms (Figure 2B and C). However, the TGFβ3 
expression levels were higher in all four CisR cell lines com-
pared with sensitive lines (Figure 2D).

Table 1. Correlation between TGFβ3 concentration in AV-EVs and CTB-EVs with clinical and pathological features

Variable Categories Number of cases

TGFβ3 in AV-EVs

P (2-tailed)

TGFβ3 in CTB-EVs

P (2-tailed)

Low High Low High

n (%) n (%) n (%) n (%)

Age (years) ≤60 27 16 (59.3) 11 (40.7) 1.00 15 (55.6) 12 (44.4) 1.00
>60 11 7 (63.6) 4 (36.4)  6 (54.5) 5 (45.5)  

Gender Male 34 20 (58.8) 14 (41.2) 1.00 19 (55.9) 15 (44.1) 1.00
Female 4 3 (75.0) 1 (25.0)  2 (50.0) 2 (50.0)  

Tobacco consumption Never 2 1 (50.0) 1 (50.0) 0.948 0 (0.0) 2 (100.0) 0.235
Former 8 5 (62.5) 3 (37.5)  4 (50.0) 4 (50.0)  
Current 28 17 (60.7) 11 (39.3)  17 (60.7) 11 (39.3)  

Primary site Oral cavity 2 0 (0.0) 2 (100.0) 0.080 0 (0.0) 2 (100.0) 0.080
Oropharynx 22 13 (59.1) 9 (40.9)  11 (50.0) 11 (50.0)  
Hypopharynx 5 5 (100.0) 0 (0.0)  5 (100.0) 0 (0.0)  
Larynx 9 5 (55.6) 4 (44.4)  5 (55.6) 4 (44.4)  

Human 
papillomavirus 
status

Positive (p16+) 2 2 (100.0) 0 (0.0) 0.519 2 (100.0) 0 (0.0) 0.496
Negative (p16-) 33 20 (60.6) 13 (39.4)  18 (54.5) 15 (45.5)  

Resectability status Resectable 24 16 (66.7) 8 (33.3) 0.492 15 (62.5) 9 (37.5) 0.318
Unresectable 14 7 (50.0) 7 (50.0)  6 (42.9) 8 (57.1)  

Stage III 12 7 (58.3) 5 (41.7) 1.00 6 (50.0) 6 (50.0) 0.734
IV 26 16 (61.5) 10 (38.5)  15 (57.7) 11 (42.3)  

CRT response CR 22 17 (77.3) 5 (22.7) 0.012 15 (68.2) 7 (31.8) 0.157
NR 13 4 (30.8) 9 (69.2)  5 (38.5) 8 (61.5)  

All P values were based on two-tailed t-tests. NR, non-response patients.
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TGFβ3 knockout sensitizes HNSCC cells to cytotoxic 
therapy

The CRISPR-Cas9 system was used to knockout TGFβ3 expres-
sion in FaDu and SCC25 cell lines to generate SCC25−TGFβ3 and 
FaDu−TGFβ3 cells. Compared with parental cells [FaDu wild type 
(WT) and SCC25 WT] and knockout-scramble control lines 
(SCC25 CTRL and FaDu CTRL), both knockout cell lines showed 
dramatic reduction in TGFβ3 expression (reduced by 89.2% for 
SCC25−TGFβ3 and 95.7% for FaDu−TGFβ3; Figure 3A). These were sub-
ject to drug treatment with either cisplatin or paclitaxel alone, 
or in the presence of exogenous TGFβ3 in the knockout cells or 
TGFβ receptor II-inhibitor (TGFβRi) in the CTRL cells. As pre-
dicted, SCC25−TGFβ3 and FaDu−TGFβ3 showed increased drug sensi-
tivity, which was reversed by treatment with exogenous TGFβ3 
(Figure 3B and C). In contrast, abrogating TGFβRII using the 
TGFβRi increased sensitivity to both cytotoxic drugs in SCC25 
and FaDu CTRL cells. Similar results were observed when drug 
effect was evaluated by measuring apoptosis using AV staining 
assays (Figure 3D and E). These results support the clinical ob-
servation that manipulating TGFβ3 levels is necessary and suf-
ficient to modulate the HNSCC response to cytotoxic therapies.

Secretion and intercellular transfer of TGFβ3-
containing EVs by CisR cells

To determine whether HNSCC cell lines secrete TGFβ3 in EVs, 
culture media conditioned by NCC-HN120 WT and NCC-HN120 
CisR were enriched for EVs by filtration. The enriched VSF was 
analyzed by ZetaView for the presence of nanoparticles. Both 
WT and CisR VSFs were enriched in nanoparticles with a mean 
size of 127.1  ± 1.51 nm for WT and 125.9 ± 1.21 nm for CisR 
(Supplementary Figure 3A, available at Carcinogenesis Online). 

The VSFs were analyzed for the presence of lipid membrane 
entities by determining if some of the nanoparticles could be 
extracted by membrane lipid ligands such as CTB or AV. Briefly, 
the VSF from NCC-HN120 WT were incubated with biotinylated 
CTB or AV and then with streptavidin-conjugated polystyrene 
or magnetic beads to immobilize any CTB-EV or AV-EV. The 
beads were then visualized by scanning electron micros-
copy and were observed to bind vesicles-like nanoparticles of 
100–200 nm consistent with the size range of lipid membrane 
nanoparticles estimated by ZetaView (Supplementary Figure 3B, 
available at Carcinogenesis Online). To further confirm that these 
lipid membrane nanoparticles were EVs, we assayed CTB- and 
AV-EVs for the presence of CD81, a tetraspanin membrane pro-
tein commonly associated with EVs, by ELISA (Supplementary 
Figure 3C, available at Carcinogenesis Online). CD81 was present 
on both CTB- and AV-EVs secreted by WT and CisR cell lines. 
Furthermore, the VSF collected from SCC25−TGFβ3 was analyzed 
by NanoSight, and the size distribution of the nanoparticles de-
tected had a mean size of 96.46 ± 5.70 nm (Supplementary Figure 
4A, available at Carcinogenesis Online). The CD9 and CD81 expres-
sion was also observed SCC25−TGFβ3 by WB (Supplementary Figure 
4B, available at Carcinogenesis Online). Together, these observa-
tions confirmed that the VSFs have bona fide 50–200 nm EVs i.e. 
nano-size particles with membrane lipids, and membrane pro-
teins i.e. EVs.

Next, CTB- and AV-EVs were analyzed for the presence of 
TGFβ3 by the same ELISA assay used in plasma samples earlier. 
TGFβ3 protein levels were significantly higher in both CTB- and 
AV-EV fractions secreted by NCC-HN120 CisR cells compared 
with those by cisplatin-sensitive NCC-HN120 WT cells (Figure 
4A and B). To determine if EVs could mediate the transfer of the 
drug-resistant phenotype, VSF from the NCC-HN120 CisR was 
added to NCC-HN120 WT cultures in the presence of cisplatin or 
paclitaxel. As predicted, NCC-HN120 WT cells treated with VSF 
collected from NCC-HN120 CisR cultures became more resistant 
to cytotoxic drug treatments, indicating that EVs containing 
high levels of TGFβ3 was sufficient to transfer the resistant 
phenotype. To further confirm that this effect was EV-mediated, 
sensitive cells were treated with the same NCC-HN120 CisR-VSF 
depleted of CTB- or AV-EVs. Drug response assays confirmed 
that EV depletion could abrogate the resistance-transfer pheno-
type compared with intact/non-depleted NCC-HN120 CisR VSF. 
Similarly, VSF collected from SCC25−TGFβ3 was unable to induce 
resistance to cisplatin and paclitaxel in NCC-HN120 WT (Figure 
4C). VSF-induced drug resistance was associated with increased 

Table 2. Logistic regression analysis for factors predicting final CRT 
response

Characteristic Adjusted OR (95% CI) P-value 

TGFβ3 expression in AV-EVs
 Low expression 1 (ref.) 0.016
 High expression 9.14 (1.50–55.50)  
Tumor resectability
 Resectable 1 (ref.) 0.021
 Unresectable 8.67 (1.34–54.84)  

CI, confidence interval; OR, odds ratio.

The bold value indicated the statistical significant differences P < 0.05.

Figure 1. TGFβ3 in plasma-circulating EVs is a prognostic marker for HNSCC CRT. TGFβ3 concentration was measured through ELISA-sandwich (LS-Bio) in EVs pre-

sent in the plasma of HNSCC patients grouped according to their IC response (A) or CRT final response (B) (*P < 0.0001). (C) HNSCC patients’ progression-free survival 

in 4 years according to TGFβ3 concentration in AV-EVs (P = 0.038). CRT, chemoradiation therapy; IC, induction chemotherapy; TGFβ, transforming growth factor beta. 
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SMAD2 phosphorylation with no effect on ERK phosphorylation, 
suggesting that the transfer of a resistance phenotype is asso-
ciated with TGFβ downstream signaling (Figure 4D). Taken to-
gether, these results suggest that TGFβ3 present in EVs released 
by drug-resistant cells are able to activate SMAD2 phosphoryl-
ation to induce resistance in sensitive cells.

Discussion
The clinical scenario in this study is not uncommon and re-
mains an unmet need. The ability to predict treatment failures 
to CRT would redirect HNSCC patients to appropriate curative 
therapies without delay. In fact, several groups have made at-
tempts to identify factors that predict treatment response based 
on biological hypotheses and analyses of the primary tumor 
tissue itself. These include using fresh or archived tissue, and 

techniques such as micro RNA expression, single protein bio-
markers, complex multi-gene expression or multi-protein sig-
natures (35–37). Extending these to crude plasma-based assays 
has met with little success to date.

The detection of circulating EVs could circumvent many 
challenges associated with plasma biomarker discovery. 
Circulating EV-based biomarkers is an emerging research area 
with great potential clinical relevance. Shao et al. (38) showed 
that the typing of proteins present in circulating microvesicles 
allows real-time monitoring of glioblastoma therapy response. 
One of the major technical issues in many such analyses is 
the reliability and reproducibility of capture techniques to iso-
late biologically relevant EVs, particularly the need to move be-
yond simple centrifugation-based isolation. We had previously 
shown that is it possible to isolate at least two distinct frac-
tions of EVs in plasma according to CTB or AV ligands, which 

Figure 2. HNSCC cell lines response to cisplatin treatment and expression of TGFβ isoforms. (A) Assessment of IC50 values for cisplatin treatment in NCC-HN120 WT 

and CisR, NCC-HN137 WT, and CisR, FaDu, and SCC25 cell lines. RT-qPCR analysis was used to evaluate the relative expression level of TGFβ1 (B), TGFβ2 (C) and TGFβ3 

(D). All the relative expression levels were calculated using the 2−ΔΔCt method. For all bar graphs, P-values denoted as *P < 0.05, **P < 0.01 and ***P < 0.0001. IC, induction 

chemotherapy; TGFβ, transforming growth factor beta.
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have a high specific binding affinity for ganglioside GM1 or 
phosphatidylserine present in the membrane of the respective 
EV fractions. This technique provides a highly specific method 
for the isolation of phospholipid membrane vesicles with min-
imal contamination of large non-vesicular biologic complexes 
or high abundant plasma proteins. Importantly, this method 
has been used to capture EVs from relatively small volumes of 
frozen biological fluids such as plasma and ascites to identify 
biomarkers in preeclampsia and ovarian cancer (30,39).

The importance of these findings is underscored by its clin-
ical relevance. We were able to show, in the context of a con-
trolled clinical trial, that TGFβ3 in plasma AV-EV fraction served 
as biomarker for CRT response using a readily available ELISA 
kit. Our data suggest that in this specific set of patients with ad-
vanced HNSCC treated with organ-preservation protocol, high 
TGFβ3 levels in plasma AV-EVs were associated with disease 

progression, and with a dose-dependent likelihood of treat-
ment failure on logistic regression models. Although this is a 
relatively small cohort of 38 patients, the uniformity of within 
the confines of a phase 2 study contributes to the accuracy of 
these results and supports the need for a future clinical trial 
where patients with high levels of TGFβ3 in AV-EVs are directed 
to more aggressive therapy or curative surgery rather than rou-
tine cisplatin-based CRT regimens.

TGFβ pathway has been shown to be important for epithe-
lial mesenchymal transition, stem cell states and treatment re-
sistance (40–42). Previous studies have implicated this pathway 
in chemoresistance, specifically through TGFβ1 signaling via 
TGFβRII. In breast cancer, autocrine TGFβ signaling was shown 
to mediate paclitaxel resistance promoting cell survival via in-
hibition of apoptotic signaling (41). Furthermore, Oshimori et al. 
(42) observed that stem cells derived from squamous cell cancer 

Figure 3. The lack of TGFβ3 sensitizes HNSCC cell lines to cytotoxic therapies. (A) The TGFβ3 knockout was performed with CRISPR-Cas9 system and verified by WB. 

Knockout of TGFβ3 in SCC25 (B and D) and FaDu (C and E) induces sensitivity to cisplatin and paclitaxel, whereas exogenous TGFβ3 abrogated this sensitivity. The 

treatment with the inhibitor of TGFβ receptor (TGFβRi) sensitized CTRL HNSCC cells to cisplatin and paclitaxel treatments. HNSCC cell viability was quantified using 

CellTiter-Glo method (B and C) and apoptosis was assayed by Annexin V staining (D and E). Asterisks denote significance as determined by one-way ANOVA multiple 

comparisons followed by Bonferroni test (post-test); *P < 0.0001, **P < 0.01, ***P < 0.05. TGFβ, transforming growth factor beta.
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respond to TGFβ1 treatment with increasing cisplatin resist-
ance. In the latter context, TGFβ signaling results in the induc-
tion of p21, stabilization of NRF2, thereby markedly enhancing 
glutathione metabolism and diminishing the effectiveness of 
anticancer therapy. Several studies have demonstrated that 

TGFβ signaling is either dependent or independent of SMAD 
activation, where the major pathways are context dependent 
or cell-type specific (43). Moreover, Zhu et al. (44) demonstrated 
that chemotherapeutics agents (cisplatin and paclitaxel) could 
activate the TGFβ pathway by stimulating the phosphorylation 

Figure 4. TGFβ3 present in the EVs secreted by CisR HNSCC cells promotes resistance to cisplatin. The relative TGFβ3 expression in CTB-EVs (A) and AV-EVs (B) shed by 

NCC-HN120 cell lines was measured through ELISA-sandwich (LS-Bio) and normalized by CD81 expression in the EVs. The significance was determined by Student’s 

t-test (two-tailed; *P = 0.0055 and *P = 0.0316, respectively). (C) NCC-HN120 WT cells were treated with VSF from NCC-HN120 CisR and SCC25−TGFβ3 on the presence of 

cisplatin or paclitaxel. Asterisks denote significance as determined by one-way ANOVA, multiple comparisons followed by Bonferroni test (post-test; *P < 0.0001 and 

** P = 0.0012). (D) WB assay showing activation of TGFβ pathway after co-treatment of NCC-HN120 WT with VSF from NCC-HN120 CisR cells and cisplatin. GAPDH was 

used as loading control. AV, Annexin V; CTB, Cholerae Toxin chain B; EV, extracellular vesicle; TGFβ, transforming growth factor beta; VSF, vesicular secretome fraction.

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/advance-article-abstract/doi/10.1093/carcin/bgz148/5553074 by A

*S
T

A
R

 c/o N
U

S
 C

entral Library user on 06 January 2020



D.M.Rodrigues-Junior et al. | 9

of SMAD2 and SMAD3 in cervical and ovarian cancer cell lines. 
As such, there is much interest in the role of TGFβ inhibitors 
as potential antimetastatic agents or enhancers of cytotoxic 
treatment.

In this study, using commercially available lines and isogenic 
pairs of CisR/sensitive patient-derived lines, we also observed 
that TGFβ pathway plays a major role in HNSCC drug resistance. 
Specifically, TGFβ3 as being differentially expressed in drug-
resistant HNSCC cell lines. Exogenous TGFβ3 induced resistance 
in drug-sensitive cell lines, whereas LY2109761 (a neutralizing 
TGFβRII antibody) sensitized drug-resistant cell lines. Incidentally, 
LY2109761 has been shown to sensitize a wide range of cancer 
cell lines (e.g. ovarian cancer, osteosarcoma) to cisplatin (45,46). 
We also found that HNSCC cell lines secrete TGFβ3 in EV, and 
the level of this protein in EVs was correlated with drug resist-
ance. EV-enriched VSF from resistant cells conferred resistance 
when applied to sensitive cells. The depletion of CTB-/AV-EVs 
reduced the potency of VSF in conferring resistance. In addition, 
EV-enriched VSF from TGFβ3 knockout cell line could not induce 
resistance on sensitive cells. VSF-mediated induction of drug re-
sistance resulted in TGFβ3 downstream signaling in sensitive re-
cipient cells with SMAD2 phosphorylation. TGFβ3 in the EVs were 
significantly higher than matched controls (plasma or cell culture 
medium), indicating that they are not non-specific contaminants. 
However, determining the location of TGFβ3 as being membrane-
bound or within the lipid-bilayer of the EVs would be important 
in elucidating the molecular mechanism of action.

The role of EVs in transferring drug resistance is well docu-
mented by several mechanisms (11). EV-associated factors 
mediating drug resistance include DNMT1, miR-214 and miR-
21-3p in ovarian cancer; lncRNA-ROR in hepatocellular car-
cinoma; miR-34a in prostate cancer; miR-100–5p in lung cancer; 
and miR-21 in gastric cancer cells and in HNSCC (47–53). Other 
studies have also demonstrated that cancer-cell derived EVs can 
induce TGFβ signaling via TGFβ/SMAD pathway activation and 
enhancing DNA repair activity through SMAD and downstream 
Lig4 expression, resulting the protection of epithelial cells from 
γ-radiation stress (54,55). Protein content profiling of EVs shed 
by 60 cell lines from the National Cancer Institute (NCI-60) 
found TGFβ3 secreted by melanoma, brain, breast, colon, kidney, 
lung and ovarian cancers, but not HNSCC (56).

In summary, our results indicate that TGFβ3 transmitted 
through EVs plays a significant role in HNSCC resistance to cyto-
toxic therapy. High levels of this protein in plasma EVs is an 
independent predictor of disease progression in patients with 
locally advanced HNSCC treated with the chemoradiotherapy. 
We posit that the use of TGFβR inhibitors could be a novel sen-
sitization approach in HNSCC patients with high TGFβ other-
wise predicted to fail concurrent CRT. Importantly, these results 
demonstrate the potential of translating biological hypotheses 
involving EVs into bona fide, clinically relevant biomarkers, using 
non-invasive monitoring.
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