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Abstract

Background
Radiotherapy (RT) with concomitant chemotherapy (CTRT) is the standard treatment for advanced head and neck squamous cell carcinoma
(HNSCC). Despite advancements in treatment, a signi�cant proportion of patients develop local recurrence and/or metastasis indicating
resistance to treatment. Early identi�cation of radio-resistant tumors using predictive and prognostic biomarkers is an important goal. We
used a quantitative serum proteomics platform to evaluate the differential expression of proteins in HNSCC patients treated with CTRT.

Methods
Fifty patients with biopsy-proven, HPV-negative, squamous cell carcinoma of the oropharynx and larynx, undergoing curative CTRT were
included in this prospective, IRB-approved study. Serum samples were collected before the start of RT (PreRT), 48 hours after RT (48hrsRT),
and 1week after RT (1WeekRT). Patients were classi�ed as “good responders” or “poor responders” based on their clinical outcome at follow-
up. Relative quantitation of serum was carried out by iTRAQ to identify differentially expressed proteins. A total of 180–200 proteins were
identi�ed, of which twenty proteins showed more than 1.5 fold differential expression. PreRT protein expression levels were compared across
good and poor responders to identify proteins with prognostic potential. Differential expression of proteins during RT was analyzed to identify
proteins with predictive potential. Finally, twelve proteins were validated using targeted mass spectrometry in ten good and poor responders.

Results
A 1.5–2.5 fold pre-treatment upregulation of clusterin, gelsolin, extracellular matrix proteins, and proteins of the IGF pathway was observed in
poor responders. A 2.0–5.0 fold upregulation of S100 proteins, clusterin, gelsolin, extracellular matrix proteins, IGF1, IGF2, and IGFBP3 was
observed in poor responders within 48 hours to 1 week of starting RT.

Conclusions
The present results are the �rst report for a panel of twelve potential proteins that would help in early risk strati�cation and therapeutic
prognosis of HNSCC treated with radiotherapy. The signi�cant upregulation of clusterin and gelsolin at PreRT and within 48 hours to 1 week
of starting RT, indicates their ability to act as prognostic and predictive markers, respectively. The panel of twelve proteins may facilitate the
early identi�cation of patients who are most likely to develop resistance to radiotherapy.

1. Background:
Tumors of the squamous epithelium lining the oral cavity, oropharynx, hypopharynx, nasopharynx, and larynx are categorized as head and
neck squamous cell carcinoma (HNSCC) [1]. HNSCC ranks seventh in terms of incidence and sixth in mortality, worldwide [2]. Treatment of
HNSCC is based on the subsite of the disease, stage of the tumor, and presence of metastases in the lymph nodes of the neck. Patients with
advanced-stage III and IV tumors require aggressive treatment that involves multi-modality treatment including surgery, radiotherapy (RT),
chemotherapy (CT), and chemo-radiotherapy (CTRT). This has severe side effects, such as functional impairment in swallowing and speech
[3, 4]. Despite many recent advancements in treatment, the �ve-year survival rate for advanced, human papillomavirus (HPV) negative HNSCC
patients has remained below 60% [3, 5]. Metastasis, high rate of recurrence, and development of resistance to treatment serve as major
deterrents for the effective treatment of HNSCC [4, 6].

Biomarkers can be classi�ed into three types—diagnostic, predictive, and prognostic. Diagnostic biomarkers aid in the diagnosis of the
disease, whereas predictive biomarkers are used to predict the response of the patient to a treatment regime. Prognostic biomarkers are those
that correlate with the progression and aggressiveness of disease and identify patients with a higher risk of relapse [7]. HNSCC is a
heterogeneous cancer, which makes the identi�cation of a universal tissue biomarker di�cult [8]. The role of tissue biomarkers in the
diagnosis and prognosis of HNSCC has been studied [9], and elevated levels of proteins like clusterin (CLU) and gelsolin (GSN) have been
reported in malignancies of the breast, bladder, prostrate, esophagus, and larynx [10–14]. CLU is an anti-apoptotic glycoprotein known to
enhance tumorigenesis, with a possible role in the development of treatment-resistant phenotype [15, 16]. GSN is an actin-binding protein with
a possible role in conferring a treatment-resistant phenotype in HNSCC and ovarian cancer [17, 18]. However, there is little data on the use of
tissue and/or circulating proteins to assess early response to RT or CTRT which could potentially help in optimizing treatment. Serum serves
as a promising source for biomarker discovery studies as irrespective of the tumor site, altered metabolite and protein composition would be
re�ected in serum [19, 20].
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Mass spectrometry-based quantitative proteomics has emerged as a successful technique for global protein pro�ling. The sensitivity and
accuracy of stable isotope labelling strategies, such as iTRAQ, coupled with its high throughput nature has made it one of the most sought-
after methods for quantitative proteome pro�ling. Relative quantitation is obtained as a fold change of protein abundance across two or more
samples [21]. Validation is carried out by targeted quanti�cation, where the instrument is run in the Parallel Reaction Monitoring (PRM) mode,
allowing only a selected set of peptides to be scanned and quanti�ed [22].

Considering the importance of serum protein biomarkers in the early identi�cation of patients at risk of recurrence and relapse, a quantitative
serum-based proteomics platform was used to identify differentially expressed proteins in good and poor responders during RT. Differentially
expressed proteins were identi�ed by iTRAQ to determine their prognostic and predictive potential and validated by PRM.

2. Materials And Methods:

2.1 Patient data and categorization of samples:
Blood samples were collected from 50 non-metastatic patients, with biopsy-con�rmed HPV-negative oropharyngeal and laryngeal squamous
cell carcinoma tumors, in an IRB-approved study. The samples were collected at different times during RT from the patients undergoing
curative CTRT for locally advanced HNSCC. The �rst sample was collected before the start of RT and designated as PreRT. The second and
third samples were collected after 48 hours and 1 week during RT and were designated 48hrsRT and 1WeekRT, respectively. The median
follow-up period was 4.2 years. Patient samples were categorized based on the site of the primary tumor and favorable/unfavorable
outcomes. Patients with tumors of the oropharynx formed one group and tumors of the hypopharynx and larynx formed the second group.
Patients who responded well to treatment, without residual disease after RT were classi�ed as “Good Responders”, and those who did not
respond to treatment, showed residual disease/recurrence, or died due to disease were classi�ed as “Poor Responders”.

2.2 Serum isolation from blood:
Blood samples were collected in red-capped 12.5mL vacutainers, allowed to clot at 37°C for 15–30 min, and centrifuged at 4500 rpm for 10
minutes. Serum was separated in the form of a clear yellow supernatant and decanted into a fresh Eppendorf tube. Delipidation of the freshly
collected serum was achieved by centrifugation at 13000 rpm for 30 min and the whitish lipid layer was carefully decanted. To preserve the
protein content of the delipidated serum for an extended period, a protease inhibitor (Sigma P2714) was added to each tube, mixed
thoroughly, and stored at -20°C.

2.3 Serum enrichment using acetonitrile precipitation:
Serum enrichment was carried out as per the protocol standardized by our group [23]. Brie�y, 10mg of serum, from a total protein
concentration of 60–70 mg/ml, was directly precipitated using chilled acetonitrile (ACN) in 1:1 ratio. The samples were incubated on ice for an
hour, with intermittent gentle vortexing, and centrifuged at 13000 rpm for 30–40 minutes. The supernatant was collected in a fresh Eppendorf
tube and further centrifuged at 13000 rpm for 10 min to remove the �nal traces of the precipitate. The clear supernatant was completely dried
in a SpeedVac, and further re-suspended in 100–200µl MilliQ water. This enriched serum was quanti�ed and a protein concentration of 1.0–
2.0 mg/ml was obtained.

2.4 In-solution reduction, alkylation, and trypsin digestion of enriched serum:
20µg of enriched serum was denatured using freshly prepared 6M urea in 50mM TrisCl, pH 8.0. This denatured serum was incubated for 1
hour at room temperature in a buffer containing 200mM DTT (Dithiothreitol, HIMEDIA MB070) in 50mM TrisCl, pH 8.0 for reduction. Alkylation
was carried out by adding 200mM IAA (Iodoacetamide, Sigma I1149) prepared in 50mM TrisCl, pH 8.0 for one hour at room temperature in the
dark. Unreacted IAA was quenched by adding 200mM DTT. Urea concentration was reduced to ~ 0.6M by the addition of 1mM CaCl2. Trypsin
was added in 1:20 (trypsin: protein) ratio and incubated overnight at 37°C. The next day, the peptides were dried in a SpeedVac and stored at
-20°C.

2.5 iTRAQ labeling and strong cation exchange (SCX):
In-solution reduction, alkylation, and trypsin digestion were carried out for enriched serum. The peptides generated were labeled using iTRAQ
4-plex labels (SCIEX 4352135). The labeled peptides were mixed in a single tube for strong cation exchange (SCX) to further fractionate the
sample and to remove unlabelled peptides. The SCX cartridge was obtained from AB-SCIEX (ICAT® Cartridge – Cation Exchange-4326695).
The cartridge (200µl, 4.0mm X 15mm) is packed with POROS® 50 HS, with particle size 50µm. SCX was carried out by reconstituting the
labeled peptides in 2.5mL of loading buffer containing 8mM ammonium formate, pH 3.0. The column was conditioned with 2mL loading
buffer. The re-suspended labeled peptides were loaded onto the SCX column at a �ow rate of 1 drop/second to allow binding of labeled
peptides to the column. The column was washed with 2mL loading buffer. Elution fractions were collected at 50mM, 100mM, 150mM,
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200mM, 250mM, 300mM, 400mM and 500mM ammonium formate concentrations. Each fraction was dried, washed thrice with 0.1% formic
acid, and stored at -20°C.

2.6 Nano liquid chromatography-tandem mass spectrometry (nLC-MS/MS):
In nLC-MS/MS runs, �nal spectra were generated for the fragment ions (MS2) having precursor ions at the detectable range of the MS1 scan.
Sequence database search assigned the spectral peaks to each corresponding peptide sequence [24–26]. nLC-MS/MS IDA was carried out
using an ESI QTOF 5600 mass spectrometer coupled to a nanoLC column pre-packed with ChromXp C18 (3µm, 120Å) beads. 6µl of the
sample was injected into the column at a �ow rate of 0.3µl/min for a 146 min run using a gradient �ow of solution A (0.1% formic acid in
H2O) and solution B (0.1% formic acid in 80% ACN). The gradient �ow was as follows—initiate with 95% solution A and 5% solution B, 90%
solution A and 10% solution B at 12 min, 70% solution A and 30% solution B at 92 min, 50% solution A and 50% solution B at 112 min, 20%
solution A and 80% solution B at 113 min, and �nally 95% solution A and 5% solution B at 127 min and at 146 min. Data was acquired with
2.2 kV ion spray voltage, 25 PSI curtain gas, and 20 PSI nebulizer gas. MS runs were operated with a resolving power (RP) of 30,000FWHM. The
Q1 selection range was set at 350–1250 m/z and IDA scans were acquired in 100 ms, with 20–50 product ion scans collected for precursor
ions exceeding a threshold of 100 counts per second. Data was acquired for product ions with a + 2 to + 5 charge-state.

2.7 Differential expression analysis of proteins at PreRT and during RT:
To determine the protein expression levels in the good and poor responders before treatment is begun, enriched PreRT serum samples were
labeled with iTRAQ labels, followed by nLC-MS/MS analysis. The nLC-MS/MS runs were carried out in two arms, with two sets of labels each,
to eliminate any label bias. In the �rst arm, the good and poor responder peptide samples were labeled with 114 and 115, respectively, whereas
in the second arm, the good and poor responder samples were labeled with 116 and 117, respectively. Protein levels in good responders were
considered as a baseline and the iTRAQ ratios indicated the relative expression of proteins in the poor responders.

To determine the changes in protein expression levels during RT, enriched serum of each time point was subjected to in-solution reduction,
alkylation, and trypsin digestion. PreRT, 48hrsRT, and 1WeekRT peptides were labeled with 114, 115 and 116, respectively. iTRAQ data analysis
was carried out by considering PreRT as a baseline and thus corresponding ratios were obtained at 48hrsRT and 1WeekRT. All iTRAQ runs
were performed in biological and technical duplicates and the data presented are representative of these runs.

2.8 Validation and relative quantitation using targeted mass spectrometry:
Parallel reaction monitoring (PRM) using high-resolution hybrid mass spectrometers is a targeted protein quantitation method [27, 28]. It is a
highly selective and speci�c method as a full MS/MS spectra of the targeted peptides are acquired with high resolution [27, 28]. The method
involves the selection of peptide sequences that are unique to the target protein and serve as a representative for the parent protein. This
parent or “precursor” ion undergoes fragmentation to produce the characteristic “product” b- and y- ions i.e., fragments containing the N- and
C- termini of the peptide ions. The combination of the precursor and resulting product ions comprise “transitions” that are speci�c for the
peptide being monitored. The peak areas for PRM transitions are integrated to measure the peptide abundance and used as the basis for
quantitative comparisons [22, 29–31]. A list of 17 proteins, having at least 1.5 fold differential expression was prepared and at least two
unique peptides were identi�ed for each protein. The selected 4–25 amino acid long peptides were detected with 95% con�dence in all the
iTRAQ runs. The precursor m/z list was prepared using ExPasy peptide cutter (https://web.expasy.org/peptide_cutter/) and SRM Atlas
(http://www.srmatlas.org/) as references. Doubly or triply charged precursors ions lying between 350-900Da were preferred for PRM analysis.
The uniqueness of the selected peptides was also con�rmed using the Skyline software [32]. The PRM data acquisition method was
standardized in three rounds, where each round was carried out in technical duplicates. Fragment ion spectra were analyzed and at least two
fragment ions were selected for each precursor m/z for �nal quantitation. After the third round of standardization, precursors having m/z
greater than 900 were eliminated, as they did not ionize properly to produce clean fragment ion spectra. The retention time reproducibility was
ensured in every PRM experiment and a window of ± 2min was allowed to accommodate the biological variability of the samples. The
proteins whose peptides did not yield clean fragment ion spectra were unable to be con�dently quanti�ed and removed from the validation
list. The �nal validation list comprised of 12 proteins, with at least two peptides each. Five good responder patients and �ve poor responder
patients were chosen at random for validation. PRM data was acquired for individual samples and correlated with the data obtained from the
iTRAQ pools.

2.9 Data analysis :
All raw data generated by mass spectrometry were processed using PeakView software, version 1.2 (AB SCIEX). Protein identi�cation and
quantitation for iTRAQ samples were carried out using ProteinPilot software, version 4.5 (AB SCIEX). The two data sets obtained from the
biological duplicates were combined and analyzed as a single dataset. The Paragon method parameters were set at 10%, which corresponds
to a p-value of 0.05, as the threshold for protein detection. Proteins identi�ed with 95% con�dence and 1% global FDR were considered for
further analysis. To reduce variation arising due to technical parameters an additional cut-off of 1.3 fold was set [33]. Therefore proteins with
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iTRAQ ratios above 1.3 and below 0.77 were identi�ed as up- or downregulated, respectively. These proteins were submitted to the REACTOME
database (https://reactome.org/) to identify the differentially regulated pathways. The possible prognostic potential of proteins was studied
by comparing their expression levels in untreated good and poor responders. Protein levels were studied considering PreRT samples as control
and fold changes were determined at 48hrsRT, and 1WeekRT to determine their predictive potential. Differentially expressed proteins
belonging to the complement cascade and in�ammatory pathways were not considered, as the expression level of these proteins may be due
to altered immune response in cancer patients. Proteins belonging to the DNA damage repair pathway were also ignored as DNA damage is a
characteristic side-effect of CTRT. PRM data analysis was carried out using PeakView software, version 1.2 (AB SCIEX) and MultiQuant
version 2.1 (AB SCIEX).

3. Results:

3.1 Patient demographics:
Demographic details are shown in Table 1. Serum samples from 50 patients, with a median age of 53.1 years, were analysed. A majority
(74.0%) were HPV-negative oropharyngeal cancer patients. 31 patients showed excellent response to treatment and were labelled as good
responders. 19 patients showed locoregional recurrence after treatment and were labelled as poor responders.

 
Table 1

Patient demographics
Category Characteristic Number

Sex Male 50

Female 0

Tumor site Base of tongue and Vallecula 16

Soft palate and Tonsil 21

Hypopharynx and Larynx 13

Tumor stage T1 5

T2 29

T3 14

T4 2

Lymph node involvement N0 29

N1 13

N2 8

Treatment Response Good 31

Poor 19

3.2 Comparison of PreRT protein expression levels in good and poor responders
to identify proteins with prognostic potential:
Fourteen proteins involved in extracellular matrix organization and degradation, regulation and uptake of IGFs & IGFBPs, oncogenic signalling,
apoptosis, and programmed cell death were identi�ed as being differentially expressed in poor responders (Table 2). A signi�cant
upregulation of more than 1.5 fold was observed for clusterin, gelsolin, and SPARC in poor responders indicating their prognostic signi�cance.
The upregulation of additional proteins belonging to the IGF pathway was also observed in the laryngeal tumors, though no appreciable
differences in protein levels were observed in the oropharyngeal tumors.
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Table 2
PreRT protein expression levels in poor responders. The values (indicative of the fold change) are the

iTRAQ ratios obtained by considering protein expression levels in good responders as the baseline. Values
greater than 1.3 indicate upregulation and values less than 0.77 indicate downregulation. Values between

1.3 and 0.77 indicate no change in protein expression levels. NQ- not quanti�able; BOT- base of tongue.
Sr. No ID Protein BOT/ Vallecula Palate/ Tonsil Hypopharynx/ Larynx

1 P10909 Clusterin 2.65 1.34 7.60

2 P51884 Lumican 0.98 1.00 0.17

3 Q16610 ECM1 0.99 0.73 1.00

4 P01034 Cystatin C 0.53 0.97 1.84

5 P06396 Gelsolin 1.35 2.25 NQ

6 P09486 SPARC 1.00 0.96 3.46

7 P05019 IGF1 1.42 1.18 0.27

8 P01344 IGF2 1.05 0.93 1.04

9 P18065 IGFBP2 1.01 1.01 2.61

10 P17936 IGFBP3 1.00 0.57 1.72

11 P22692 IGFBP4 1.36 1.12 0.52

12 P24593 IGFBP5 1.57 NQ 8.59

13 P01019 Angiotensinogen 2.20 0.74 1.70

14 P04275 von Willebrand factor 2.11 0.87 0.99

3.3 Determining the predictive potential of proteins by analysing the differential
expression of proteins during RT:
Protein levels were studied considering PreRT samples as control and fold changes were determined at 48hrsRT and 1WeekRT (Table 3).
Proteins involved in apoptosis, tumorigenesis, and cancer progression were observed to decrease by more than 1.5-fold during RT in the good
responders while exhibiting a signi�cant upregulation of more than 1.5 fold in the poor responders. The expression levels of transthyretin,
galectin-3-binding protein, IGFBP4, vitronectin, and VCAM remain unchanged with RT in good responders. However, an upregulation of at least
1.5-fold is observed in the poor responders. The changes in the expression levels were observed within 48 hours to 1 week of starting RT.
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Table 3
Protein expression levels with progress of RT in good and poor responders. The values (indicative

of the fold change) are the iTRAQ ratios obtained by considering protein expression levels at PreRT
as the baseline. Values greater than 1.3 indicate upregulation and values less than 0.77 indicate

downregulation. Values between 1.3 and 0.77 indicate no change in protein expression levels.
Sr. No ID Name GOOD RESPONDERS POOR RESPONDERS

48hrsRT 1WeekRT 48hrsRT 1WeekRT

1 P01019 Angiotensinogen 1.22 1.31 0.72 0.99

2 P10909 Clusterin 0.70 0.59 1.53 1.57

3 P51884 Lumican 1.02 0.72 1.21 1.67

4 P02766 Transthyretin 0.78 0.84 1.57 1.90

5 Q16610 ECM1 0.70 0.72 1.47 1.61

6 P01034 Cystatin-C 0.84 0.66 1.33 1.35

7 Q08380 Galectin-3 binding protein 1.09 0.91 0.76 1.02

8 P06396 Gelsolin 0.56 0.51 1.40 1.50

9 P09486 SPARC 0.90 0.68 1.80 2.06

10 P05019 IGF1 0.59 0.50 1.78 2.03

11 P01344 IGF2 0.67 0.37 1.72 2.03

12 P17936 IGFBP3 0.74 0.63 1.62 1.81

13 P22692 IGFBP4 0.94 1.00 1.06 0.89

14 P04275 von Willebrand factor 1.12 1.21 1.24 1.39

15 P31151 Protein S100-A7 0.63 0.36 1.43 1.46

16 P04004 Vitronectin 0.80 0.83 1.43 1.60

17 P19320 VCAM 0.80 1.07 1.95 2.06

3.4 Validation and relative quantitation using parallel reaction monitoring:
An upregulation more than 1.5 fold of clusterin, lumican, extra-cellular matrix protein 1 (ECM1), cystatin C, gelsolin, SPARC, proteins of the IGF
pathway, and S100A7 was observed in the poor responders, whereas a downregulation of at least 1.5 fold was observed in good responders
within 48 hours of RT. PRM validation indicated a similar trend of differential regulation in individual good and poor responders (Table 4). An
overall trend of downregulation was observed in the good responders. Though some patients did not show signi�cant changes after 48 hours
of RT, a signi�cant downregulation of at least 1.5 fold was observed within 1 week of RT for all the good responders. In contrast, a signi�cant
upregulation of more than 1.5 fold is observed within 48 hours of RT in all the poor responders and this upregulation is maintained after 1
week of RT.
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Table 4a and 4b: PRM validation in (a) good and (b) poor responders. The values (indicative of the fold change) are the iTRAQ ratios obtained
by considering protein expression levels at PreRT as the baseline. Values greater than 1.3 indicate upregulation and values less than 0.77

indicate downregulation. Values between 1.3 and 0.77 indicate no change in protein expression levels. NQ- not quanti�able.
Table 4a

Sr.
no.

Protein Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

48hrsRT 1WeekRT 48hrsRT 1WeekRT 48hrsRT 1WeekRT 48hrsRT 1WeekRT 48hrsRT 1WeekRT

1 Clusterin 0.5 0.4 0.5 0.5 0.3 0.3 0.5 0.6 0.9 0.6

2 Gelsolin 0.6 0.5 0.5 0.4 0.3 0.1 0.6 0.7 1.0 0.8

3 Lumican 0.7 0.5 0.9 0.5 0.3 0.1 1.0 0.5 1.0 0.6

4 ECM1 0.8 0.6 0.8 0.3 0.4 0.1 0.7 1.1 1.2 1.1

5 Cystatin
C

0.7 0.7 0.8 0.6 0.8 1.0 0.9 1.0 1.0 0.9

6 SPARC 1.2 1.2 0.6 0.5 0.5 0.4 0.8 0.2 0.9 0.6

7 IGF1 0.5 0.4 0.6 0.3 0.2 0.3 0.5 0.7 0.9 0.7

8 IGF2 1.6 1.2 0.7 0.4 0.3 0.5 0.6 1.0 0.9 0.8

9 IGFBP3 0.9 1.0 0.6 0.7 0.6 0.5 0.5 0.8 NQ NQ

10 S100A7 0.6 0.3 0.8 0.4 0.3 0.3 0.9 0.5 0.5 0.3

11 S100A8 0.7 0.6 0.5 0.2 0.2 0.2 0.5 0.9 0.5 0.3

12 S100A9 0.6 0.5 0.8 0.4 0.1 0.1 0.3 0.5 0.9 0.7

 
Table 4b

Sr.
no.

Protein Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

48hrsRT 1WeekRT 48hrsRT 1WeekRT 48hrsRT 1WeekRT 48hrsRT 1WeekRT 48hrsRT 1WeekRT

1 Clusterin 3.9 2.4 3.5 5.6 3.6 4.1 2.6 4.3 1.7 1.9

2 Gelsolin 3.7 3.5 4.0 4.8 2.4 5.7 3.3 5.8 1.2 1.2

3 Lumican 1.4 2.0 1.7 2.1 4.5 4.8 3.3 3.8 3.2 5.9

4 ECM1 2.8 4.0 4.1 5.3 6.2 12.5 5.2 5.2 1.1 1.3

5 Cystatin
C

2.9 2.2 5.6 6.0 1.8 3.2 1.9 1.9 1.4 1.4

6 SPARC 3.9 4.1 7.4 11.4 5.0 4.2 1.8 2.5 1.6 2.4

7 IGF1 2.4 3.8 16.4 27.6 4.8 5.7 1.4 2.0 5.5 1.8

8 IGF2 2.0 2.1 1.9 2.2 3.7 4.6 1.5 2.0 1.5 1.2

9 IGFBP3 1.3 0.9 1.7 2.3 3.2 4.2 1.8 2.6 NQ NQ

10 S100A7 2.8 6.3 2.1 3.3 3.5 5.7 3.0 5.2 1.7 2.9

11 S100A8 2.2 6.5 3.3 3.4 3.0 4.8 2.0 2.4 1.3 3.1

12 S100A9 2.6 3.4 4.0 3.6 2.9 5.3 4.5 5.8 2.3 1.7

4. Discussion:
The high rate of locoregional recurrence and the development of resistance to treatment are major deterrents in the effective treatment of
HNSCC [4, 6]. There is a need to identify and validate protein biomarkers which can aid in the early identi�cation of patients with higher
proclivity to developing recurrence and resistance. We have identi�ed twelve proteins which show more than 1.5 upregulation in HNSCC
patients who respond poorly to CTRT, indicating their potential to act a predictive biomarkers. In addition, some of these proteins also showed
a signi�cant pre-treatment upregulation of more than 1.5 fold in poor responders, thus, indicating their potential as prognostic markers. To
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date, multiple diagnostic protein biomarkers have been reported for HNSCC such as CYFRA 21 − 1, SCCA, CEA, but none has been successfully
implemented in clinical practice [9]. The consistent and signi�cant upregulation of clusterin and gelsolin at PreRT and within 48 hours to 1
week of starting RT indicates their ability to act as early prognostic and predictive markers, respectively. The upregulation of these proteins
with RT is an early indication of local failure of treatment, thus, allowing the possibility of modifying the treatment appropriately. Additionally,
the pre-treatment upregulation of these proteins offers the possibility of identifying patients with the highest chance of developing recurrence
before the treatment is begun.

Clusterin (CLU) is a heterodimeric, secreted glycoprotein that is expressed in a wide variety of tissues [34]. It acts as an anti-apoptotic protein
by enhancing tumorigenesis which leads to the cytosolic retention of Bax (by stabilizing the Ku70-Bax complex) and interfering with Bax’s
proapoptotic activities [15, 35]. CLU expression is upregulated in multiple solid tumors, like bladder, breast, prostate, renal, and non-small-cell
lung cancer (NSCLC) [10–12, 36, 37]. Previous studies in esophageal squamous cell cancer (ESCC) patients indicated that the serum levels of
CLU were signi�cantly elevated and the protein may function as a tumor marker and a prognostic factor for such patients [38]. Abnormal
serum CLU expression was closely associated with TNM classi�cation of malignant tumors and lymph node metastasis, with higher CLU
expression correlating with poor survival of hepatocellular carcinoma patients [39]. The protective role of CLU was observed under CTRT-
induced stress which led to the overexpression of CLU, leading to the emergence of a treatment-resistant phenotype [16]. In the present study,
a 3.0 fold pre-treatment upregulation of CLU in the poor responders indicated that these patients may later develop resistance to treatment or
a more aggressive tumor phenotype, thus indicating a poor prognosis even before treatment is begun. Once treatment is begun, poor
responders exhibit a 1.7–3.9 fold upregulation of CLU within 48 hours, with a further upregulation of 5.6 fold within 1 week of RT, providing an
early indication of possible treatment failure.

In addition to CLU, a consistent upregulation of gelsolin (GSN) was also observed in the poor responders. GSN is a cytoskeleton-associated
and actin-binding protein that plays a role in regulating cell morphology, motility, and apoptosis [40–42]. Signi�cantly enhanced GSN
expression was observed in oral squamous cell carcinoma (OSCC) and was associated with advanced staging [43]. Enzyme-linked
immunosorbent assays (ELISA) of plasma samples indicated the potential of circulating plasma GSN as a diagnostic biomarker for head and
neck cancer [14]. Immunohistochemical staining of laryngeal squamous cell carcinoma (LSCC) tissue samples indicated the association of
GSN expression with poor prognosis and its potential as a novel prognostic biomarker for disease-speci�c and overall survival [13]. In vitro
studies in human oral carcinoma cells further elucidated the role of GSN in promoting apoptosis, cell proliferation, and enhancing tumor
invasion and metastasis [44]. The ability of GSN to confer chemo- and radio-resistance has been reported in NSCLC, ovarian cancer, and
HNSCC, all indicating that higher levels of GSN are associated with a higher risk of developing treatment resistance [17, 18, 45, 46]. We report
here, for the �rst time, that the levels of GSN increase by 2.4 to 4.0 fold in the worst responding patients within 48 hours, which is maintained
till 1 week of RT. This upregulation may be indicative of a local failure of treatment due to acquiring a more aggressive phenotype. A pre-
treatment 2.0 fold upregulation of GSN further indicated its potential as an early prognostic and predictive marker for HNSCC.

Lumican, ECM1, cystatin C, and SPARC are involved in the organization of the extracellular matrix and an increase in their expression level has
been reported to increased cell proliferation, migration, invasion, induction of EMT, and metastasis [47–50]. A 1.5-5.0 fold upregulation of
these proteins was observed in the poor responders while downregulation of at least 2.0 fold was observed in the good responders. The
insulin-like growth factor (IGF) system is involved in cell growth, differentiation, and transformation [51]. Higher levels of IGF1 and IGF2
contributed to increased differentiation and decreased apoptosis, while a high IGF1:IGFBP3 ratio in serum was shown to be indicative of a
malignant HNSCC phenotype [52, 53]. Contrary to these reports, our patient cohort exhibited an overall 2.0 to 4.0 fold upregulation of IGF1,
IGF2, and IGFBP3 with the progression of treatment, indicating their potential as predictive markers. The concomitant upregulation of IGFBP3
may be due to its involvement in IGF-independent pathways to regulate cancer progression. The pre-treatment levels of IGF1, IGF2, and
IGFBP3 do not provide signi�cant evidence to consider their potential as prognostic biomarkers. Proteins S100A7, S100A8, and S100A9
belong to the S100 family of calcium-binding proteins that regulate cellular processes such as differentiation, cell motility, migration, and
maintain the tumor microenvironment [54]. A 2.0–5.0 fold upregulation in protein expression levels was observed in the poor responders
within 48 hours of treatment.

The current prospective study is the �rst report of treatment dependent protein changes in HNSCC patients. As the study was carried out in
HPV-negative patients, the pre-treatment and time dependent downregulation of CLU and GSN in the good responders indicated their potential
to act as HPV-independent prognostic markers. Further validation of these proteins in a larger cohort, with healthy controls, would help to
determine the sensitivity and speci�city of the proteins as potential predictive and prognostic biomarkers.

5. Conclusion:
The consistent upregulation of CLU and GSN before treatment and the continued increase in their levels during treatment progression
indicated their ability to act as early predictive and prognostic markers. The upregulation of all 12 proteins within 48 hours to 1 week of
treatment indicates their usefulness in helping oncologists to identify the failure of treatment very early in the regime. Analysing the pre-
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treatment levels of CLU and GSN would further allow segregation of possible good responders and poor responders and facilitate the design
of a suitable treatment regime for patients at a higher risk of developing treatment resistance.
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