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Proteomic analysis

of hypopharyngeal and laryngeal
squamous cell carcinoma sheds
light on differences in survival

Jiajia Liu'®, Weiming Zhu*®, Zhexuan Li*¢, Gengming Cai*, Juncheng Wang?, Qinglai Tang?,
Christopher A. Maroun® & Gangcai Zhu'>**

The link between differences in molecular expression and survival among advanced laryngeal

(LSCC) and hypopharyngeal squamous carcinoma (HPSCC) remains unclear. Here, we applied the
Surveillance, Epidemiology, and End Results (SEER) program, Isobaric tag for relative and absolute
quantitation (iTRAQ) with Liquid chromatography-mass spectrometry (LC-MS/MS) proteomics data
and The Cancer Genome Atlas (TCGA) related data to discover the possible disparities between HPSCC
and LSCC. Our results showed a significantly worse 5-year overall-survival in HPSCC compared with
LSCC before and after adjusting for clinical parameters. 240 differentially expressed proteins were
enriched in molecular networks of cytoskeleton remodeling and antigen presentation. Moreover,
HPSCC consisted of less T-central-memory cells, T-follicular-helper cells, TGF-f response, and CD4* T
memory resting cells, but more wound healing than LSCC. Furthermore, 9 mRNAs expression were
significantly and independently correlated to overall survival in 126 HPSCC and LSCC patients,
which was further validated in another cohort of head and neck cancers. These findings support that
Immunity signatures as well as pathway networks that include cytoskeleton remodeling and antigen
presentation may contribute to the observed differences in survival between HPSCC and LSCC.

Squamous cell carcinoma of the head and neck (HNSCC) represents 95% of head and neck cancer, the sixth lethal
cancer, and may affect the oral cavity, oropharynx, hypopharynx, or the larynx'. With an annual incidence of
more than 500,000 new cases worldwide, HNSCC patients may experience differences in survival due to tumor
sub-site origin, clinical stage, metastasis, and HPV status. While hypopharyngeal cancers occur in a nearby
anatomic location to laryngeal cancers, they usually portend a far worse prognosis'. Laryngeal cancers are easily
directly inspected by flexible laryngoscopy. However, the examination of the hypopharynx often poses a challenge
for clear visualization because of the cramped space and concealed location®. As a result, hypopharyngeal cancer
is usually diagnosed at a relatively late stage. It is known that cancer patients presenting with late-stage disease
usually survive a shorter time than those presenting with earlier-stage disease. Reported overall 5-year survival
rates for hypopharyngeal cancer showing a more aggressive course than laryngeal cancer may be biased without
taking into consideration of the clinical stage at presentation. Therefore, there is need for a study to compare
survival rates in a large population of hypopharyngeal and laryngeal cancer patients with similar clinical char-
acteristics. The Surveillance, Epidemiology, and End Results (SEER) program is well suited for this purpose and
provides cancer statistics that is used to better understand the cancer burden amongst the U.S. population. The
SEER registry holds clinical information including age, gender, tumor size, neck lymph node, distant metastasis
and clinical stage.

In clinical practice, more comprehensive treatment is often recommended by physicians for hypopharyngeal
squamous cell cancer (HPSCC) as compared to laryngeal squamous cell cancer (LSCC). Because of the abundant
vascular supply and lymphatic drainage, HPSCC is indeed more likely to metastasize than LSCC, even when
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Unmatched cases Matched cases
Hypopharynx | Larynx b4 Hypopharynx | Larynx b4
Total cases 4256 25,527 4256 4256
Age (x % SD (years)) 64.79+11.02 64.99+11.50 0317 64.79+11.02 64.70£10.79 o642
Gender (%)
Male 3425 (80.4%) 20,560 (80.5%) 0.822 3421 (80.4%) 3436 (80.7%) 0.701
Female 835(19.6%) 4967(19.5%) 835(19.6%) 820(19.3%)
T classification (%)
T1-2 2009(47.3%) 16,912(56.3%) 2009(47.3%) 2022(47.5%)
T3-4 2247 (52.7%) | 8615 (33.7%) <0001 2247 (52.7%) | 2234 (52.5%) 0794
N classification (%)
N- 1373(33.2%) 19,011(74.5%) <0001 1373(33.3%) 1374(33.3%) .
N+ 2887 (67.8%) | 6516 (25.5%) 2883 (67.7%) | 2882 (67.7%)
AJCC clinical stage (%)
I 207 (4.9%) 9921 (38.9%) 207 (4.9%) 207 (4.9%)
1I 546 (12.8%) 4488 (17.6%) <0001 546 (12.8%) 546 (12.8%) .
III 894 (21.0%) 4635 (18.2%) 894 (21.0%) 891 (20.9%)
v 2609 (61.3%) 6483 (25.3%) 2609 (61.3%) 2612 (61.4%)

Table 1. Characteristics of hypopharyngeal cancer and laryngeal cancer Patients from the SEER Database.
Note: y +SD means mean + standard deviation; p <0.001 defined as significant; N+ means clinical lymph node
metastasis; NO means without neck lymph node metastasis, the percentage was calculated on number of which
divided by total cases.

comparing the same clinical stage*. Similar only in histomorphology, there are many pieces of evidence applying
immunohistochemistry or RNA sequencing to show several mRNAs (such as SCEL, CRNN, KRT4, SPINK5, and
TGM3) and protein(such as Ki67, P53) differences between LSCC and HPSCC®™®. One possible contributing
factor to the difference in survival between HPSCC and LSCC may be related to these differences in molecular
expression®. It has been suggested that protein heterogeneity may contribute to the observed differences in sur-
vival and likelihood of metastasis between HPSCC and LSCC*®-1¢. However, other reports indicate that observed
differences in survival between HNSCCs from sub-anatomic locations might not reflect differences in molecular
profiles between subsites”!”. Patient variability in age, clinical stage, tumor size, lymph node status and other
factors, as well as limited methodologies (such as comparing a limited number of biomarkers, low-resolution
methods, and others) may result in these conflicting conclusions. Therefore, highly sensitive and global protein
detection for HPSCC and LSCC patients with similar clinicopathological characteristics is required to provide
more thoughtful analyses.

Isobaric tags for relative and absolute quantitation (iTRAQ) can simultaneously mark and quantify global
proteins using label peptides, which can be identified by sensitive mass spectrometers'®. Thus, iTRAQ has sig-
nificant advantages over some conventional proteomics techniques and is extensively performed with proven
value in the discovery of global protein expression'®. In this study, a proteomic strategy using iTRAQ with liquid
chromatography and tandem mass spectrometry (LC-MS/MS) was applied to 10 pairs of cancerous and normal
mucosa samples of advanced HPSCC and LSCC patients with similar clinical characteristics. Further analyses
based on the Cancer Genome Atlas (TCGA)* datasets support our hypothesis that the significant differentially
expressed proteins and their related networks may contribute to the observed difference in survival between
hypopharyngeal and laryngeal cancers.

Results
Survival differences between hypopharyngeal and laryngeal cancer patients in SEER.  After
excluding cases with distant metastasis and missing or unknown TNM information, 29,783 of 35,023 cases from
the SEER database were included in this study. The clinical characteristics of these patients are summarized in
Table 1. Hypopharyngeal and laryngeal cancer groups were significantly different in T and N classification, as
well as AJCC clinical stage. Hypopharyngeal cancer patients had a more substantial proportion of T3 or T4
tumors compared to laryngeal cancer patients (52.7% vs. 33.7%, p <0.001) and a more significant proportion
with node-positive disease (67.8% vs. 25.5%, p <0.001). The majority of hypopharyngeal cancer patients pre-
sented with stage IV disease (61.3%) compared to only 25.3% in the laryngeal cancer group, while only 4.9% of
the hypopharyngeal cancer patients presented with stage I compared to 38.9% in the laryngeal group (p <0.001).
It was thought that any difference in survival of patients with hypopharyngeal or laryngeal cancer might be
confounded by the differences in clinical characteristics, as shown in Table 1. Therefore, propensity score match-
ing was applied to match hypopharyngeal and laryngeal cancer patients to get rid of biases from age, gender, T
classification, N classification, and AJCC clinical stage (Table 1). After adjustment of these clinical parameters,
Kaplan—-Meier survival analysis remained to show that patients with hypopharyngeal cancer have worse survival
than those with laryngeal cancer (Fig. 1, median survival time: 22 months vs. 34 months). Furthermore, when
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Figure 1. Comparison of overall survival (OS) hypopharyngeal and laryngeal cancer patients from the SEER
database (A) Kaplan-Meier analysis in 29,793 patients with hypopharyngeal or laryngeal cancer showed that
hypopharyngeal cancer patients have poorer overall survival than laryngeal cancer patients (median survival
time: 22 months vs. greater than 60 months, p <0.01); (B) Kaplan—Meier analysis showing difference in survival
between hypopharyngeal and pharyngeal cancer independent of AJCC clinical-stage (all p <0.01); (C) After
adjusting for age, gender, T classification, N classification, and AJCC clinical-stage, Kaplan-Meier analysis in
4256 pairs of hypopharyngeal and laryngeal cancer patients continue to show poorer survival in hypopharyngeal
cancer patients (median survival time: 22 months vs. 34 months, p <0.01); (D) Kaplan—Meier analysis in
matched patients with hypopharyngeal or laryngeal cancer showing hypopharyngeal cancer patients with worse
prognosis in early and late clinical-stage (all p <0.01).

stratified by clinical stage, it is shown that hypopharyngeal cancer patients have significantly worse overall
survival regardless of the clinical-stage (Fig. 1, Stage I-IV p <0.001). The same finding was also observed when
stratified by T stage (Supplementary Fig. 1).

Clinical characteristics of the iTRAQ-proteomics cohort.  As the majority of hypopharyngeal cancer
patients included in our SEER analysis were stage III-IV, we included only advanced stage HPSCC and LSCC
patients in our proteomics cohort. There were 10 HPSCC and 10 LSCC tumor-normal pairs included; clini-
cal characteristics are summarized in Table 2. All patients had node-positive disease, and none had metastatic
disease at presentation. The pathological grade was similar between the two cohorts. All included patients were
males with a history of smoking.

The relative expression of global proteins in HPSCC and LSCC patients. A differential protein
profile between hypopharyngeal (HPM) and laryngeal (LM) normal mucosa was first examined to establish a
reference for baseline differences and to account for variation between individual samples. An abundance of
613 proteins was found to be altered in HPM compared to LM, with 515 proteins being overexpressed, and 98
proteins under expressed (Table S1, Supplementary Data). Thirty proteins did not show differential expression
in HPM vs. LM (Table S2, Supplementary Data).

424 proteins were founded to be differentially expressed in HPSCC vs. LSCC samples. To account for the base-
line variations found in the analysis of normal mucosa samples, 184 differentially expressed proteins that were
common to both tumor and normal mucosa analyses were excluded from the 424-protein list. The remaining
240 proteins were considered tumor-related differentially expressed proteins and included Vimentin, p-catenin,
HLA-A/B/C, and MICA, among others (Table S3, Supplementary Data).

GO Enrichment Maps and Networks for significantly altered proteins. To annotate the above
240 differentially expressed proteins, we applied the MetaCore mapping tool to generate an enrichment analysis
of pathway maps and cellular processes (Fig. 2A-B, respectively). MetaCore has the ability of generating both
pathway maps, which are manually created based on known canonical pathway data, as well as networks, which
are automatically created by the tool based on existing protein interactions within a database. The Gene Ontol-
ogy analysis indicated that the most significantly enriched pathway networks were involved in cytoskeleton

Scientific Reports|  (2020) 10:19459 | https://doi.org/10.1038/s41598-020-76626-w nature research



www.nature.com/scientificreports/

Parameter | HPSCC (patients) | LSCC (patients)
Clinical stage

I-1I 0 0
III-1v 10 10
T classification

T1-T2 4 1
T3-T4 6 9
N classification

NoO 0 0
N+ 10 10
M classification

MO 10 10
M+ 0 0
Pathological grade

Low 0 0
Middle 4 4
High 6 6
Sex

Male 10 10
Female 0 0
Age

<55 years 5 3
>55 years 5 7
Smoking

Yes 10 10
No 0 0

Table 2. Clinical parameters of 10 pairs of advanced HPSCC and LSCC patients. Note: N + means clinical
lymph node metastasis, NO means without neck lymph node metastasis, 55 years is the median age of HPSCC
and LSCC in our hospital clinical dataset.
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Figure 2. Gene ontology enrichment maps for significantly altered proteins. (A,B) Top 10 biological networks
and maps of significantly expressed proteins in HPSCC vs. LSCC. X-axis indicates the confidence of pathway
enrichment; Y-axis shows the rank of the enrichment pathway.
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Figure 3. Molecular networks for significantly altered proteins by Metacore analysis. Enriched pathways
consisting of 240 significant proteins are visualized on maps of cytoskeleton organization (A,C), platelet
aggregation (B), and antigen presentation (D). Upward red indicate up-regulated signals, and downward (blue)
ones indicate down-regulated gene expression levels.

remodeling/keratin filaments, cell adhesion/endothelial cell contacts by junctional mechanisms, and immune
response/antigen presentation by MHC class I pathway (Fig. 3A-D).

The landscape of cancer immunity in hypopharyngeal and laryngeal cancer.

The proportion of

cancer infiltrating immune cells was deconvoluted by CIBERSORT method in hypopharyngeal and laryngeal
cancer patients with matched clinical stage, gender and age from the TCGA public dataset’"**(Fig. 4A). The
proportions of CD4* T memory resting cells and mast cells appeared to be drastically different between laryn-
geal and hypopharyngeal cancer. Moreover, we constructed a heatmap for known immune checkpoint biomark-
ers (Fig. 4B), which indicated the differential expression of immune checkpoints such as CTLA-4, LAG-3 and

TIGIT.

Considering that the significantly expressed proteins in the above iTRAQ results were enriched in the
cytoskeleton remodeling and immune response pathways, immune infiltration and wound healing were further
compared in 10 paired hypopharyngeal and laryngeal cancer patients (Table S4, Supplementary Data). As shown
in Fig. 4C-], hypopharyngeal cancer patients had less T central memory (Tcm) cells, T follicular helper (Tth)
cells, TGF-beta response, and CD4* T memory resting cells, but a higher wound healing score than laryngeal

cancer patients (p <0.05).
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Figure 4. The landscape of cancer immunity in hypopharyngeal and laryngeal cancer. (A) P of cancer
infiltrating immune cells in clinically similar hypopharyngeal and laryngeal cancers. (B) Scaled expression of
known immune checkpoint biomarkers on the cell surface of clinically similar hypopharyngeal and laryngeal
cancers. (C-J) Significantly different cell signatures in HPSCC and LSCC patients. Paired student t-test analysis
shows significant differences in Tcm cells, Tth cells, TGF-beta response, CD4* T memory resting cells, and
wound healing capability between 10 matched hypopharyngeal and laryngeal cancer patients (all p <0.05).

mRNA expression and correlation with survival in hypopharyngeal and laryngeal can-

cer.

To investigate whether the differentially expressed proteins may contribute to differences in prognosis in

hypopharyngeal cancer and laryngeal cancer, we analyzed the mRNAs corresponding to these 240 significantly
expressed proteins in hypopharyngeal and laryngeal cancers derived from the TCGA dataset. On univariate
Cox regression analysis, mRNA expression of 53 genes was significantly associated with overall survival in 126
hypopharyngeal cancer and laryngeal cancer patients (Table 3). Moreover, Kaplan-Meier analysis indicated that
high or low expression of genes, including RALY, TSTA3, and HLA-A, was associated with significant differences
in survival in hypopharyngeal cancer and laryngeal cancer patients (p <0.05, Fig. 5). To validate whether these
findings could extend to other head and neck cancers, univariate and multivariate Cox proportional hazards
regression analysis was performed to validate correlations of the 53 genes and overall survival outcomes in 519
HNSCC patients across all subsites, including the oral cavity and oropharynx. 9 of 53 genes were confirmed in
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126 LHPSCC patients Validation dataset (519 HNSCC patients)

Univariate Multivariate* Univariate Multivariate*
mRNA HR (95% CI) Pvalue | HR (95% CI) Pvalue | HR (95% CI) Pvalue | HR (95% CI) P value
MYLPF 2.6 (1.04-6.70) 0.04 3.11(1.08-8.94) 0.04 1.7 (1.10-2.53) | 0.02 1.55(1.01-2.39) 0.05
TSTA3 0.34 (0.14-0.87) 0.02 0.31(0.11-0.83) 0.02 0.6 (0.39-0.92) | 0.02 0.63 (0.41-0.96) 0.03
CALML5 0.43 (0.21-0.90) 0.03 0.37 (0.16-0.86) 0.02 0.7 (0.51-0.98) | 0.04 0.62 (0.44-0.87) 0.01
RALY 0.28 (0.09-0.91) 0.04 0.26 (0.08-0.87) 0.03 0.49 (0.31-0.78) | 0.00 0.47 (0.3-0.75) | <0.01
TYMP 2.9 (1.47-5.78) | <0.01 | 2.48 (1.15-5.33) 0.02 1.7 (1.17-2.50) | 0.01 1.79 (1.21-2.65) | <0.01
PC 2.9(1.40-6.06) | <0.01 3.13 (1.4-7.02) 0.01 1.5 (1.04-2.28) | 0.03 151 (1.01-2.27) | 0.04
HLA_A 6.0(1.45-24.76) 0.01 6.75 (1.58-28.78) 0.01 1.8 (1.17-2.79) | 0.01 1.83 (1.17-2.86) 0.01
HLA_C 2.8 (1.19-6.62) 0.02 572 (2.05-15.91) | <0.01 1.6 (1.13-2.297) | 0.01 1.69 (1.17-2.45) 0.01
STK25 23 (1.11-4.79) | 0.03 2.96 (1.3-6.74) 0.01 1.6 (1.11-2.40) | 0.01 1.63 (1.1-2.41) 0.02

Table 3. Significant correlations between mRNAs and overall survival time of LHPSCC and its validation in
HNSC patients. HR: hazard ratio of death for patients with low expression of mRNA over its high expression;
OS: Overall survival, CI: confidence interval, p value less than 0.05 was considered as significant. LHPSCC:
laryngeal and hypopharyngeal squamous cell carcinoma; HNSCC: Head and neck squamous cell carcinoma;
* HR and p value were adjusted age, gender, race, T/N/M stage and clinical stage in the Cox proportional
hazards regression analysis.

the 519 HNSCC patients. The Hazard ratios and p values across the cancer groups are summarized in Table 3,
and the associated survival curves were visualized and compared by Kaplan-Meier analysis (Fig. 6).

Discussion

HNSCC is represented by a heterogeneous group of cancers in various anatomic locations*. A recent EURO-
CARE population-based study indicated that the 5-year relative survival rate was lowest for hypopharyngeal
cancer (25%) and highest for laryngeal cancer (59%)*, which is consistent with our findings. Most interestingly,
these drastically different survival rates are attributed to cancers that arise in such geographically close anatomic
locations®*?. As is known, some clinical parameters, such as clinical stage, age, and gender, may influence the
survival time of cancer patients®®. One argument as to why patients with hypopharyngeal cancer often do worse
than laryngeal cancer patients is that hypopharyngeal cancer is usually diagnosed at a more advanced stage. Only
4.9% of the hypopharyngeal cancer patients presented with stage I cancer, compared to 38.9% in the laryngeal
group in this study. However, using propensity score matching, we compared the survival of hypopharyngeal
and laryngeal cancer with similar clinical parameters, including clinical stage, T stage, age, gender, and neck
node status. Our findings demonstrate that even amongst clinical stage I and T1-2 tumors, hypopharyngeal
cancer portends a worse prognosis. Our study suggests that HPSCC may demonstrate more aggressive biology
irrespective of age, gender, T classification, N classification, and AJCC clinical stage. To our best knowledge,
this is the first study to compare the survival of HPSCC and LSCC controlling for these clinical factors in a large
population. Another explanation for the worse survival in HPSCC is the abundant vascular supply and lymphatic
drainage in HPSCC. However, the oropharynx is very similar to the hypopharynx in terms of its tissue structure,
and also boasts a robust vascular supply with ample lymphatic tissue. Despite this, oropharyngeal squamous cell
carcinoma patients tend to have better survival than HPSCC patients. Therefore, the anatomic structure alone in
HPSCC does not sufficiently explain the higher likelihood of a worse prognosis. As such, we turned our attention
towards a molecular characterization of HPSCC to investigate its possible contribution to its worse outcomes.

There have been several studies examining the transcriptomic and genomic heterogeneity in HNSCC across
various subsites, including oral cavity, tonsil, and oropharynx*’~%. These works showed controversial conclu-
sions in comparing the genomes and their expression”!”. However, there have been no studies for the specific
comparison between hypopharyngeal and laryngeal cancer. In this work, we employed iTRAQ (2D) LC-MS/
MS proteomic analysis to measure the global protein expression in HPSCC and LSCC. Traditional methods for
detecting protein expression, such as western blotting, usually limits the number of proteins that can be inves-
tigated simultaneously. However, our proteomic method can yield information on hundreds of proteins from
a relatively small amount of tissue. Furthermore, iTRAQ has the ability to cover more peptides and provides
sensitive quantification compared with traditional methods, like DIGE*.

Although this study had a limited number of sample pairs for iTRAQ proteomic analysis, we employed a
strict method of analysis to increase the confidence in our results. To eliminate intra-patient variation, normal
mucosa from the same patients were simultaneously analyzed with tumor tissues. Additionally, our proteomic
samples from HPSCC and LSCC were selected based on having similar clinical parameters like clinical stage, to
decrease confounding bias. Two hundred forty differentially expressed proteins and 208 non-altered proteins were
found in the comparison of HPSCC and LSCC, which indicates that both molecular differences and similarities
exist. The 208 similarities may represent histological and anatomical commonalities between HPSCC and LSCC.
Regarding the differences, it would be both interesting and clinically meaningful if the observed differences in
survival are related or even explained in part by the distinct protein expression patterns seen.

The differentially expressed proteins that we identified were analyzed using Metacore, a precise, compre-
hensive pathway analysis and knowledge mining tool that delivers high-quality biological systems content
in context®. Cytoskeleton remodeling (intermediate filaments, integrin-mediated cell-matrix adhesion, and
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Figure 5. Aberrant expression of mRNAs predicts different overall survival of 126 HPSCC and LSCC patients.
(A-T) Kaplan—Meier analysis shows that high mRNA expression of MYLPF, HLA-A/-C, TYMB, PC, and STK25
and low expression of CALML5, TSTA3, and RALY are associated with better overall survival time in 126
HNSCC patients (all p<0.05). Dotted line represents median survival time. Red =high expression group, light

blue =low expression group.
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Figure 6. Aberrant mRNA expression predicts different overall survival of 513 HNSCC patients. (A-I)

Kaplan-Meier analysis showed that high mRNA expression of MYLPF, HLA-A/-C, TYMP, PC, and STK25 and
low expression of CALML5, TSTA3, and RALY are associated with better overall survival time in 513 HNSCC
patients (all p <0.05). Dotted line represents median survival time. Red =high expression group, light blue =low
expression group.
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cytoskeleton rearrangement) and phagosomes in antigen presentation were the top networks enriched by these
240 proteins. Cytoskeleton remodeling in the cancer cell has been linked with increased cell mobility and facili-
tated metastasis, which may be linked to unfavorable survival time in some patients®. Strikingly, we found that
many of these proteins were enriched in pathways related to antigen presentation by MHC Class I and phago-
somal machinery. In consideration of the crucial effect of antigen presentation on immune-mediated cancer
clearance, this data suggests the need for further investigation into the role of innate or adaptive immunity-related
differences in HPSCC and LSCC.

TCGA is a public landmark cancer genomics program with the aim to catalog and discover major genomic
alterations to create a comprehensive “atlas” of 11,000 primary cancers®. The immunity signatures using
mRNA expression data from the TCGA was obtained from previously published work?"??. Here, we showed
that hypopharyngeal cancer had less T central memory cells, T follicular helper cells, TGF-beta response, and
CD4*T memory resting cells, but a higher wound healing score than laryngeal cancer. These findings suggest
that hypopharyngeal cancers display an altered immune response that may potentially affect the survival seen
compared with laryngeal cancer. In addition, taken together with the differentially expressed immune-checkpoint
related proteins found between HPSCC and LSCC, these findings may have clinical implications with regards to
response to checkpoint inhibition for these cancers in clinical trials*.

We also found that expression of 53 out of 240 genes was significantly associated with overall survival on
univariate logical regression analysis in 126 HPSCC and LSCC patients using the TCGA dataset. Similar correla-
tions of survival with 9 of these 53 genes were observed when including all 519 HNSCC patients in the TCGA
cohort across all subsites, including the oral cavity and oropharynx (Fig. 6). This data provides support that
the observed survival differences among HPSCC and LSCC patients may be related to differential expression
of these 9 proteins, including RALY, TSTA3, and HLA-A. RALY, a member of the heterogeneous nuclear ribo-
nucleoprotein (hnRNP), is thought to be involved in mRNA splicing and metabolism. Its role in tumorigenesis
and development remains unclear. However, it has been reported as an oncogene in hepatocellular carcinoma®,
clear cell renal cell carcinoma®, triple-negative breast cancer®’, and non-small-cell lung cancer®®. TSTA3, also
known as GFUS, participates in the pathway of transporting to the Golgi apparatus as well as metabolism*, and
is considered an oncogene in many cancers including esophageal squamous cell carcinoma®. To the best of our
knowledge, this is the first study to report the correlation of RALY and TSTA3 with overall survival in head and
neck cancer. Finally, high expression of HLA-A or HLA-C is a favorable factor for head and neck cancer patients,
which is as this correlates with increased antigen presentation leading to immune-mediated tumor clearance.

There are several limitations in our study. While a main advantage of our study is our selection of patients
based on similar clinical characteristics in order to minimize the effect of these as confounding factors, we aren’t
able to eliminate any bias that may arise from the development of the individual tumors themselves. Specifically,
without fully characterizing the timeline of these protein aberrations with regard to tumor development, it is not
understood whether these differences in protein expression are a cause or a result of tumor development itself.
Additionally, while we performed our proteomic analysis using a small sample of patients from our own institu-
tion, we performed our experimental validation using mRNA expression data from the TCGA. While mRNA
transcript and protein levels often covary closely within the cell, one is not a perfect surrogate for the other.
Ideally, future experiments using the same proteomic analysis in larger cohort should be performed in order
to validate our findings. Additionally, in vivo experiments, such as gene knockout experiments in mice may be
more informative regarding the clinical implications of the genes discovered in this exploratory analysis. Finally,
an important limitation in our study is the lack of information regarding type of treatment patients received.
It is plausible that some bias is introduced, especially with regards to survival outcomes, related to whether a
patient received surgery, chemotherapy, radiation, or any combination of these. Unfortunately, a majority of
the patients included in our study had treatment information that was either missing or incomplete. In this
setting, the inclusion of treatment as a covariate would create additional bias from the exclusion of such a large
percentage of our sample population, and would significantly reduce the power of our study. By controlling for
cancer stage, however, it was thought that the risk of bias from treatment effect would be somewhat minimized,
as patients with similar stage, especially later stage, are more likely to undergo a similar course of treatment with
multimodality therapy.

Conclusion

We showed hypopharyngeal carcinoma patients survived significantly poorer than laryngeal carcinoma inde-
pendent of age, gender, tumor size, neck lymph node status, and AJCC clinical stage. There are 240 proteins dif-
ferently expressed in hypopharyngeal carcinoma and laryngeal carcinoma, which are enriched in the networks of
cytoskeleton remodel and antigen presentation. Nine of the above 240 molecules correlated to the overall survival
time in HPSCC/LSCC and HNSCC. Hypopharyngeal carcinoma had less Tcm cells, Tth cells, TGF-p response,
and CD4* T memory resting cells, but more wound healing than laryngeal carcinoma.

In addition to diagnosed at relatively late clinical stage abundant, vascular supply and lymphatic drainage,
our data may have implications that differential expressed proteins may be some of reasons for hypopharyngeal
cancer has poorer prognosis as compared to laryngeal cancer. This study provides a comprehensive view about
the disparities between HPSCC and LSCC, which remind us these differences when treating patients or design-
ing clinical trials.

Materials and methods

Data sources. We obey the principles of the 1983 Declaration of Helsinki. All of experiments in this paper
obey this principle. Informed consent was obtained from all subjects or, if subjects are under 18, the informed
consent of a parent and/or legal guardian was obtained. Informed consent was obtained from all patients before
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undergoing surgery, and all experiments were conducted by following the bioethics rules issued by the Research
Ethics Committee of Central South University, Changsha, China. The Surveillance, Epidemiology and End
Results (SEER) program provides statistical information about the cancer burden amongst the U.S. population.
Clinical variables collected in SEER include age, gender, tumor size, lymph node metastasis, distant metastasis,
and clinical stage*!. The SEER database was queried for case-based data from 2004 to 2013, using the SEER
18 Registry Research Data plus Hurricane Katrina Impacted Louisiana Cases, Nov 2018 (1975-2016 varying)
submission. Five years was considered to be the endpoint of follow-up. Site recode ICD-0-3/WHO 2008" was
filtered by “Hypopharynx” or “Larynx”. Cases with distant metastasis or with missing or unknown information
regarding TNM, gender, age, or clinical stage were excluded from the analysis. HNSCC normalized mRNA
expression and corresponding clinical data for the TCGA cohort were acquired from the Broad Institute GDAC
Firehose browser interface (https://gdac.broadinstitute.org/) and TCGA-CDR-Paper*.. Protein data were uti-
lized from our previously published iTRAQ (2D) LC-MS/MS work*>#.

iTRAQ proteomic analysis. The iTRAQ (2D) LC-MS/MS experiments were performed previously*>*,
Briefly, normal mucosa and primary tumor samples of 10 HPSCC and 10 LSCC patients were collected under the
approval of the Medical Research Ethics Committee of Xiangya Hospital (Changsha, China). The hypopharyn-
geal normal mucosa and primary tumor specimens were labeled IT118 and IT121, while the laryngeal nor-
mal and tumor specimens were labeled IT115 and IT113, respectively. The relative global protein expression in
HPSCC and LSCC samples was analyzed using Protein Pilot v3.0 software (Applied Biosystems) according to the
human International Protein Index (IPI) database v3.45.

To minimize the false positive rate, a strict cutoff for protein identification was used based on the following
criteria: unused ProtScore > 1.3 and more than one peptide with 95% confidence per repetition. It was shown
that 43,673 spectra, 19,882 peptides, and 853 proteins were identified and quantified by the calibration with a
5% global false discovery rate. Protein relative expression ratios were based on the peak area ratios of the pep-
tides from the same protein. The resulting dataset was auto bias-corrected to eliminate any variability due to
the unequal mixing of the variously labeled digests. A fold change in protein expression greater than 1.2 or less
than 0.8 was considered significant, with values in between considered as similar expression. MetaCore (Gene-
Go; St. Joseph, M1, USA) from Clarivate Analytics, an integrated program with manual databases and practical
algorithms for functional analysis, was applied to annotate the functions of the differentially expressed proteins *.

Software and statistics. All statistical analyses were performed using Rstudio (version 3.5.3, https://
cran.r-project.org/). Briefly, Kaplan-Meier survival analysis was performed using R packages (‘survival, ‘sur-
vminer’). The “surv_cutpoint” command was used to identify the best cutoff for ‘High expression’ or ‘Low
expression’ in Kaplan-Meier survival analysis.

The log-rank test was used to analyze differences in survival, with a p-value of less than 0.05 considered
statistically significant. Overall survival was censored at a maximum time of 60 months. Univariable Cox pro-
portional hazards regression models were used to correlate survival with mRNA expression. The violation of the
proportional hazards assumption was tested using the ‘cox.zph’ function in the "survminer" package. Propensity
score matching (PSM) was performed for matching clinical parameters for patients in SEER and TCGA datasets
by R package “MatchlIt™.

Received: 2 June 2020; Accepted: 27 October 2020
Published online: 10 November 2020

References

1. Torre, L. A. et al. Global cancer statistics, 2012. CA Cancer J. Clin. 65, 87-108. https://doi.org/10.3322/caac.21262 (2015).

2. Gillison, M. L. et al. Distinct risk factor profiles for human papillomavirus type 16-positive and human papillomavirus type
16-negative head and neck cancers. J. Natl. Cancer Inst. 100, 407-420. https://doi.org/10.1093/jnci/djn025 (2008).

3. Zhu, G. et al. Three strategies for displaying the postcricoid space and pyriform sinus: A matched case-controlled study of 50
patients. Clin. Otolaryngol. 44, 187-190. https://doi.org/10.1111/coa.13256 (2019).

4. Lukits, J. et al. Progression difference between cancers of the larynx and hypopharynx is not due to tumor size and vascularization.
Otolaryngol. Head Neck Surg. 125, 18-22. https://doi.org/10.1067/mhn.2001.116187 (2001).

5. Nair, J. et al. Gene and miRNA expression changes in squamous cell carcinoma of larynx and hypopharynx. Genes Cancer 6,
328-340. https://doi.org/10.18632/genesandcancer.69 (2015).

6. Patmore, H. S. et al. Genetic analysis of head and neck squamous cell carcinoma using comparative genomic hybridisation identifies
specific aberrations associated with laryngeal origin. Cancer Lett. 258, 55-62. https://doi.org/10.1016/j.canlet.2007.08.014 (2007).

7. Tamas, L. et al. Differential biomarker expression in head and neck cancer correlates with anatomical localization. Pathol. Oncol.
Res.: POR 17, 721-727. https://doi.org/10.1007/s12253-011-9376-9 (2011).

8. Huang, Q. et al. Genetic differences detected by comparative genomic hybridization in head and neck squamous cell carcinomas
from different tumor sites: construction of oncogenetic trees for tumor progression. Genes Chromosom. Cancer 34, 224-233. https
://doi.org/10.1002/gcc.10062 (2002).

9. Repassy, G. et al. Expression of invasion markers CD44v6/v3, NM23 and MMP2 in laryngeal and hypopharyngeal carcinoma.
Pathol. Oncol. Res.: POR 4, 14-21 (1998).

10. Takes, R. P. et al. Differences in expression of oncogenes and tumor suppressor genes in different sites of head and neck squamous
cell. Anticancer Res. 18, 4793-4800 (1998).

11. Freier, K. et al. Tissue microarray analysis reveals site-specific prevalence of oncogene amplifications in head and neck squamous
cell carcinoma. Can. Res. 63, 1179-1182 (2003).

12. Freier, K. et al. Distinct site-specific oncoprotein overexpression in head and neck squamous cell carcinoma: a tissue microarray
analysis. Anticancer Res. 23, 3971-3977 (2003).

Scientific Reports |

(2020) 10:19459 | https://doi.org/10.1038/s41598-020-76626-w nature research


https://gdac.broadinstitute.org/
https://cran.r-project.org/
https://cran.r-project.org/
https://doi.org/10.3322/caac.21262
https://doi.org/10.1093/jnci/djn025
https://doi.org/10.1111/coa.13256
https://doi.org/10.1067/mhn.2001.116187
https://doi.org/10.18632/genesandcancer.69
https://doi.org/10.1016/j.canlet.2007.08.014
https://doi.org/10.1007/s12253-011-9376-9
https://doi.org/10.1002/gcc.10062
https://doi.org/10.1002/gcc.10062

www.nature.com/scientificreports/

13.

14.
15.
16.

17.

18.
19.
20.
21.
. Senbabaoglu, Y. et al. Tumor immune microenvironment characterization in clear cell renal cell carcinoma identifies prognostic
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.

35.
36.
37.
38.
39.
40.
41.
42.
43.
44,

45.

46.

Volavsek, M., Bracko, M. & Gale, N. Distribution and prognostic significance of cell cycle proteins in squamous carcinoma of the
larynx, hypopharynx and adjacent epithelial hyperplastic lesions. J. Laryngol. Otol. 117, 286-293. https://doi.org/10.1258/00222
150360600896 (2003).

Szentkuti, G. et al. Correlations between prognosis and regional biomarker profiles in head and neck squamous cell carcinomas.
Pathol. Oncol. Res.: POR 21, 643-650. https://doi.org/10.1007/s12253-014-9869-4 (2015).

Marioni, G. et al. Nuclear expression of onco-suppressors nm23-H1 and maspin are associated with lower recurrence rate in
laryngeal carcinoma. Am. J. Otolaryngol. 40, 224-229. https://doi.org/10.1016/j.amjot0.2018.11.007 (2019).

Marioni, G., D’Alessandro, E., Bertolin, A. & Staffieri, A. Survivin multifaceted activity in head and neck carcinoma: current
evidence and future therapeutic challenges. Acta Otolaryngol. 130, 4-9. https://doi.org/10.3109/00016480902856588 (2010).
Weinberger, P. M. et al. Use of combination proteomic analysis to demonstrate molecular similarity of head and neck squamous
cell carcinoma arising from different subsites. Arch Otolaryngol. Head Neck Surg. 135, 694-703. https://doi.org/10.1001/archo
t0.2009.78 (2009).

Wiese, S., Reidegeld, K. A., Meyer, H. E. & Warscheid, B. Protein labeling by iTRAQ: a new tool for quantitative mass spectrometry
in proteome research. Proteomics 7, 340-350. https://doi.org/10.1002/pmic.200600422 (2007).

Vidova, V. & Spacil, Z. A review on mass spectrometry-based quantitative proteomics: Targeted and data independent acquisition.
Anal. Chim. Acta 964, 7-23. https://doi.org/10.1016/j.aca.2017.01.059 (2017).

Cancer Genome Atlas Research Network ef al. The cancer genome atlas pan-cancer analysis project. Nat. Genet. 45, 1113-1120.
https://doi.org/10.1038/ng.2764 (2013).

Thorsson, V. et al. The immune landscape of cancer. Immunity 48, 812-830. https://doi.org/10.1016/j.immuni.2018.03.023 (2018).

and immunotherapeutically relevant messenger RNA signatures. Genome Biol. 17, 231. https://doi.org/10.1186/s13059-016-1092-z
(2016).

Bray, E. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin 68, 394-424. https://doi.org/10.3322/caac.21492 (2018).

Gatta, G. et al. Prognoses and improvement for head and neck cancers diagnosed in Europe in early 2000s: the EUROCARE-5
population-based study. Eur. J. Cancer 51, 2130-2143. https://doi.org/10.1016/j.ejca.2015.07.043 (2015).

Braakhuis, B. J., Leemans, C. R. & Visser, O. Incidence and survival trends of head and neck squamous cell carcinoma in the
Netherlands between 1989 and 2011. Oral Oncol. 50, 670-675. https://doi.org/10.1016/j.oraloncology.2014.03.008 (2014).

Yang, C. C,, Su, Y. C,, Lin, Y. W,, Huang, C. I. & Lee, C. C. Differential impact of age on survival in head and neck cancer according
to classic Cox regression and decision tree analysis. Clin. Otolaryngol. 44, 244-253. https://doi.org/10.1111/coa.13274 (2019).
Leemans, C. R,, Snijders, P. J. E. & Brakenhoff, R. H. The molecular landscape of head and neck cancer. Nat. Rev. Cancer 18, 269-282.
https://doi.org/10.1038/nrc.2018.11 (2018).

Dikshit, R. P. et al. Hypermethylation, risk factors, clinical characteristics, and survival in 235 patients with laryngeal and
hypopharyngeal cancers. Cancer 110, 1745-1751. https://doi.org/10.1002/cncr.22975 (2007).

Canning, M. et al. Heterogeneity of the head and neck squamous cell carcinoma immune landscape and its impact on immuno-
therapy. Front Cell. Dev. Biol. 7, 52. https://doi.org/10.3389/fcell.2019.00052 (2019).

Wu, W. W,, Wang, G., Baek, S. J. & Shen, R. F. Comparative study of three proteomic quantitative methods, DIGE, cICAT, and
iTRAQ, using 2D gel- or LC-MALDI TOF/TOE J. Proteome Res. 5, 651-658. https://doi.org/10.1021/pr0504050 (2006).
Bessarabova, M., Ishkin, A., JeBailey, L., Nikolskaya, T. & Nikolsky, Y. Knowledge-based analysis of proteomics data. BMC Bioin-
form. 13(Suppl 16), S13. https://doi.org/10.1186/1471-2105-13-S16-S13 (2012).

Fife, C. M., McCarroll, J. A. & Kavallaris, M. Movers and shakers: cell cytoskeleton in cancer metastasis. Br. J. Pharmacol. 171,
5507-5523. https://doi.org/10.1111/bph.12704 (2014).

Hoadley, K. A. et al. Cell-of-origin patterns dominate the molecular classification of 10,000 tumors from 33 types of cancer. Cell
173, 291-304. https://doi.org/10.1016/j.cell.2018.03.022 (2018).

Zandberg, D. P. et al. Durvalumab for recurrent or metastatic head and neck squamous cell carcinoma: results from a single-arm,
phase II study in patients with >/=25% tumour cell PD-L1 expression who have progressed on platinum-based chemotherapy.
Eur. J. Cancer 107, 142-152. https://doi.org/10.1016/j.ejca.2018.11.015 (2019).

Zhu, Z. et al. Overexpression of RALY promotes migration and predicts poor prognosis in hepatocellular carcinoma. Cancer
Manag. Res. 10, 5559-5572. https://doi.org/10.2147/CMAR.5182996 (2018).

Cui, Z. W. et al. RALY RNA binding protein-like reduced expression is associated with poor prognosis in clear cell renal cell
carcinoma. Asian Pac. J. Cancer Prev. 13, 3403-3408. https://doi.org/10.7314/apjcp.2012.13.7.3403 (2012).

Purrington, K. S. et al. Genome-wide association study identifies 25 known breast cancer susceptibility loci as risk factors for
triple-negative breast cancer. Carcinogenesis 35, 1012-1019. https://doi.org/10.1093/carcin/bgt404 (2014).

Song, G. et al. RALY may cause an aggressive biological behavior and a dismal prognosis in non-small-cell lung cancer. Exp. Cell
Res. 389, 111884. https://doi.org/10.1016/j.yexcr.2020.111884 (2020).

Kizuka, Y. et al. An alkynyl-fucose halts hepatoma cell migration and invasion by inhibiting GDP-fucose-synthesizing enzyme
FX, TSTA3. Cell Chem. Biol. 24, 1467-1478. https://doi.org/10.1016/j.chembiol.2017.08.023 (2017).

Yang, J. et al. High TSTA3 expression as a candidate biomarker for poor prognosis of patients With ESCC. Technol. Cancer Res.
Treat. https://doi.org/10.1177/1533033818781405 (2018).

Schneider, A. L. & Lavin, J. M. Publicly available databases in otolaryngology quality improvement. Otolaryngol. Clin. N. Am. 52,
185-194. https://doi.org/10.1016/j.0tc.2018.08.004 (2019).

Liu, J. et al. An integrated TCGA pan-cancer clinical data resource to drive high-quality survival outcome analytics. Cell 173,
400-416. https://doi.org/10.1016/j.cell.2018.02.052 (2018).

Cai, G. M. et al. Analysis of transcriptional factors and regulation networks in laryngeal squamous cell carcinoma patients with
lymph node metastasis. J. Proteome Res. 11, 1100-1107. https://doi.org/10.1021/pr200831g (2012).

Zhu, G. et al. Quantitative iITRAQ LC-MS/MS proteomics reveals transcription factor crosstalk and regulatory networks in
hypopharyngeal squamous cell carcinoma. J. Cancer 5, 525-536. https://doi.org/10.7150/jca.9207 (2014).

Dubovenko, A., Nikolsky, Y., Rakhmatulin, E. & Nikolskaya, T. Functional analysis of OMICs data and small molecule compounds
in an integrated “knowledge-based” platform. Methods Mol. Biol. 1613, 101-124. https://doi.org/10.1007/978-1-4939-7027-8_6
(2017).

Ho, D., Imai, K., King, G. & Stuart, E. A. Matchlt: nonparametric preprocessing for parametric causal inference. J. Stat. Soft. 42,
28. https://doi.org/10.18637/jss.v042.i08 (2011).

Acknowledgments
This research was supported by the Project of Hunan Health Commission (B2019165), National Natural Sci-
ence Foundation of China (No. 81602389), Natural Science Foundation of Hunan Province (No. 2020J]4827).

Scientific Reports |

(2020) 10:19459 | https://doi.org/10.1038/541598-020-76626-w nature research


https://doi.org/10.1258/00222150360600896
https://doi.org/10.1258/00222150360600896
https://doi.org/10.1007/s12253-014-9869-4
https://doi.org/10.1016/j.amjoto.2018.11.007
https://doi.org/10.3109/00016480902856588
https://doi.org/10.1001/archoto.2009.78
https://doi.org/10.1001/archoto.2009.78
https://doi.org/10.1002/pmic.200600422
https://doi.org/10.1016/j.aca.2017.01.059
https://doi.org/10.1038/ng.2764
https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.1186/s13059-016-1092-z
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.ejca.2015.07.043
https://doi.org/10.1016/j.oraloncology.2014.03.008
https://doi.org/10.1111/coa.13274
https://doi.org/10.1038/nrc.2018.11
https://doi.org/10.1002/cncr.22975
https://doi.org/10.3389/fcell.2019.00052
https://doi.org/10.1021/pr050405o
https://doi.org/10.1186/1471-2105-13-S16-S13
https://doi.org/10.1111/bph.12704
https://doi.org/10.1016/j.cell.2018.03.022
https://doi.org/10.1016/j.ejca.2018.11.015
https://doi.org/10.2147/CMAR.S182996
https://doi.org/10.7314/apjcp.2012.13.7.3403
https://doi.org/10.1093/carcin/bgt404
https://doi.org/10.1016/j.yexcr.2020.111884
https://doi.org/10.1016/j.chembiol.2017.08.023
https://doi.org/10.1177/1533033818781405
https://doi.org/10.1016/j.otc.2018.08.004
https://doi.org/10.1016/j.cell.2018.02.052
https://doi.org/10.1021/pr200831g
https://doi.org/10.7150/jca.9207
https://doi.org/10.1007/978-1-4939-7027-8_6
https://doi.org/10.18637/jss.v042.i08

www.nature.com/scientificreports/

Author contributions

G.Z. conceived and designed the experiments. J.L., W.Z. and Z.L. performed most of data analysis. JW. and Q.T.
did TCGA analysis. C.A.M. and G.Z. wrote the paper. G.C. reviewed the draft. All the authors reviewed the draft
and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-76626-w.

Correspondence and requests for materials should be addressed to G.Z.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

ov License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports|  (2020) 10:19459 | https://doi.org/10.1038/s41598-020-76626-w nature research


https://doi.org/10.1038/s41598-020-76626-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Proteomic analysis of hypopharyngeal and laryngeal squamous cell carcinoma sheds light on differences in survival
	Results
	Survival differences between hypopharyngeal and laryngeal cancer patients in SEER. 
	Clinical characteristics of the iTRAQ-proteomics cohort. 
	The relative expression of global proteins in HPSCC and LSCC patients. 
	GO Enrichment Maps and Networks for significantly altered proteins. 
	The landscape of cancer immunity in hypopharyngeal and laryngeal cancer. 
	mRNA expression and correlation with survival in hypopharyngeal and laryngeal cancer. 

	Discussion
	Conclusion
	Materials and methods
	Data sources. 
	iTRAQ proteomic analysis. 
	Software and statistics. 

	References
	Acknowledgments


