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Abstract
Purpose PSMD14 is an essential protein for proteasomal degradation. Inhibition of this protein disrupts homeostasis and 
inhibits cancer cell viability. Overexpression of PSMD14 was associated with advanced cancer characteristics and a worse 
prognosis in various carcinomas. This study aimed to analyze PSMD14 copy number variation, mRNA and protein expres-
sion in HNSCC, and its role as an independent prognostic biomarker.
Methods PSMD14 mRNA expression and copy number variations were analyzed in “The Cancer Genome Atlas (TCGA)” 
in 510 patients. Protein expression was evaluated using immunohistochemistry in a second cohort including 115 patients. 
PSMD14 levels were analyzed for correlation with clinicopathological data, overall and disease-free survival.
Results PSMD14 mRNA expression and copy number variation were high in 44 and 50% of patients, respectively. Protein 
expression of PSMD14 was high in 56%. In both cohorts, high PSMD14 levels were associated with advanced staging. High 
PSMD14 mRNA expression was additionally associated with a worse prognosis in univariable analysis. However, after cor-
rection for possible confounders, PSMD14 mRNA was not an independent prognostic marker.
Conclusion PSMD14 is commonly expressed in HNSCC patients and associated with advanced stages. High expression of 
PSMD14 mRNA was associated with a worse outcome. However, this may be a result of the association of PSMD14 with 
poor prognosticators. Based on our study, further evaluation of PSMD14 as a prognostic marker and potential therapeutic 
target is warranted.
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Abbreviations
CI  confidence interval
CNV  copy number variations
DFS  Disease-free survival
HR  hazard ratio

OS  overall survival
PSMD14  26S proteasome non-ATPase regulatory subu-

nit 14
TCGA   The Cancer Genome Atlas
TMA  tissue microarray

Introduction

As the sixth most common cancer worldwide, head and neck 
squamous cell carcinoma (HNSCC) affects approximately 
900,000 patients annually. The incidence of this disease 
is rising, while therapeutic options have only marginally 
improved (Johnson et al. 2020; Pulte and Brenner 2010). 
Currently, the only applied biomarker for risk stratification 
and to guide therapeutic decisions for oropharyngeal squa-
mous cell carcinoma is the detection of HPV (Mirghani and 
Blanchard 2018; Tawk et al. 2022). Thus, there is an urgent 
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need for novel biomarkers and new therapeutic options in 
HNSCC.

The 26S proteasome non-ATPase regulatory subunit 14 
(PSMD14), also known as Rpn11 or POH1, is an essential 
component of the 26S proteasome. The proteasome is essen-
tial for protein degradation and is involved in protein homeo-
stasis, cell division, and transcriptional regulation. Proteins 
are marked for proteasomal degradation by polyubiquitina-
tion. While ubiquitin is recognized by the 19S regulatory 
subunit, the 20s core subunit mediates proteolysis (Li et al. 
2017). PSMD14 is located in the 19S regulatory subunit and 
cleaves ubiquitin directly prior to the proteins’ degradation 
(Shin et al. 2020). Without removal of ubiquitin, the protein 
is too bulky to enter the proteasome. Thus, inhibition of 
PSMD14 disrupts protein homeostasis and leads to apoptosis 
in cancer cells (Li et al. 2017; Jing et al. 2021a, b).

High PSMD14 mRNA and protein expression was asso-
ciated with a worse prognosis in several cancers, including 
HNSCC (Jing et al. 2021a; Lv et al. 2019; Wang et al. 2019; 
Zhu et al. 2018; Luo et al. 2017; Song et al. 2017; Zhang 
et al. 2020; Lei et al. 2021). However, multivariable analy-
sis was rarely performed, and thus the role as an independ-
ent prognostic marker is unclear. Since high expression of 
PSMD14 is commonly linked to advanced cancer features 
and studies only occasionally corrected the prognostic value 
for potential confounders (Jing et al. 2021a; Luo et al. 2017; 
Zhang et al. 2020; Lei et al. 2021; Sun et al. 2021). Stud-
ies investigating the effect of inhibition of PSMD14 show 
promising results in vitro and in vivo (Li et al. 2017; Jing 
et al. 2021a, b; Song et al. 2017; Yu et al. 2019).

Since a previous study has shown an association of 
PSMD14 mRNA and protein expression with advanced 
stages and prognosis (without correction for confounders), 
this study aimed to further elucidate whether PSMD14 is 
an independent prognostic marker in HNSCC. Therefore, 
PSMD14 copy number variation (CNV) and mRNA expres-
sion were evaluated in a primary cohort and protein expres-
sion in a second cohort. PSMD14 levels were investigated 
for their independent association with survival and correla-
tion with clinicopathological data.

Patients and methods

The Cancer Genome Atlas dataset

Patient data were extracted from cBioportal.org from “The 
Cancer Genome Atlas (TCGA), Firehose Legacy” and sup-
plemented with “TCGA PanCancer Atlas” (Liu et al. 2018) 
and “TCGA, Nature 2015” (Gatta et al. 2000s) as described 
before (Schnoell et al. 2021). Eleven patients were excluded 
due to missing or incomplete data and patients with an over-
all survival (OS) of less than two months due to possible 

postoperative complications. mRNA expression (RNA Seq 
V2 RSEM) was extracted from cBioportal.org on 16 April 
2021 and stratified into low and high expression at a cutoff 
at a z-score > 0 for high expression. Copy number varia-
tions (CNV) of PSMD14 were extracted from UCSC Xena 
on 15 November 2021 (Goldman et al. 2020). Expression 
was divided into high and low expression at a cutoff at the 
median CNV.

Tissue microarray dataset

A tissue microarray (TMA) containing 115 patients diag-
nosed with HNSCC was analyzed for the secondary cohort. 
Patients were included if they were diagnosed with HNSCC 
between 2002 and 2012 and received surgery and postopera-
tive radio(chemo)therapy. Exclusion criteria were a second 
primary carcinoma, distant metastasis, prior cancer treat-
ment, immunosuppression, or external treatment. The study 
was approved by the ethics committee of the Medical Uni-
versity of Vienna (EK1262/2019).

The TMA was established using a Galileo TMA CK 
Series—HTS Tissue computer assisted TMA Microar-
ray Platform (Integrated Systems Engineering Srl, Milan, 
Italy). In short, three cylindrical cores (2 mm in diameter) 
per patient were taken from representative tumor areas from 
formalin-fixed, paraffin-embedded tissue. Histology was 
confirmed by hematoxylin–eosin staining.

Immunohistochemistry

Immunohistochemistry of PSMD14 (HPA002114-25UL, 
Sigma Aldrich, St. Louis, MO, USA) was visualized using 
the Lab Vision Ultra kit (Thermo Scientific, Waltham, MA, 
USA) as described before. The antibody concentration and 
antibody retrieval buffer were assessed prior to TMA stain-
ing. Tissue slides were dewaxed and hydrated and the endog-
enous hydrogenase was blocked with  H2O2. Subsequently, 
antibody retrieval was performed using EDTA buffer in a 
microwave. Next, Ultra V Block was applied followed by 
the incubation with PSMD14 1:500 for 1 h at room tem-
perature. Afterward, the tissue slides were incubated with 
the primary antibody enhancer and horseradish peroxidase 
enhancer. Visualization of staining was performed using 
the UltraVision Plus Detection System DAB Plus Substrate 
System (Thermo Scientific, Fremont, CA, USA). Tissue 
was then counterstained with hematoxylin Gill III (Merck, 
Darmstadt, Germany) and scanned using an Olympus BH-2 
microscope (Olympus, Tokyo, Japan). Staining intensity was 
analyzed using QuPath (Version 0.2.3) as described before 
(Schnoell et al. 2021). A score was formed to include the 
staining intensity and percentage of stained cells (3× % of 
cells with high positive staining + 2× % of cells with mod-
erately positive staining + 1× % of cells with low positive 
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staining). Protein expression was stratified using a score ≥ 30 
as cutoff for high PSMD14 expression.

Statistical analysis

Stata (Stata Corp., College Station, TX, USA) and Prism 
GraphPad software (GraphPad Software, Inc., La Jolla, 
CA, USA) were used to perform statistical analysis. Cor-
relation between PSMD14 and clinicopathological data 
were assessed using Fisher’s exact test or Chi-squared 
test. Overall survival (OS) and disease-free survival (DFS) 
were calculated from the date of diagnosis to the date of 
death or recurrence, respectively. Survival was visualized 
with Kaplan Meier curves. Association with survival was 
analyzed using log-rank test and a cox-proportional hazard 
regression model.

Results

Primary dataset (TCGA)

Patient characteristics of the primary dataset are displayed 
in Table 1, left column. Five hundred and ten patients were 
included in the TCGA. Three hundred and seventy-eight 
patients (74%) were male and 307 (60%) had an oropharyn-
geal tumor. Seventy-six patients (15%) were HPV positive. 
The median age at diagnosis was 60.5 (53–68) years. The 
median observation period was 2.9 (1.8–4.6) years. The 
median OS was 4.7 (1.4–12.8) years and the median DFS 
was 4.7 (1.1–17.6) years. Most patients were treated with 
surgery and postoperative radiotherapy (n = 189, 37%).

Table 1  Baseline characteristics of the primary (TCGA) and second-
ary (TMA) HNSCC cohort

Primary dataset (TCGA) Secondary dataset (TMA)

Total 
(n = 510)

Percent (%) Total 
(n = 115)

Percent (%)

Gender
Female 132 26 27 23
Male 378 74 88 77
Age
 < 60 231 45 62 54
 ≥ 60 279 55 53 46

Primary
 Oral cavity 307 60 31 27
 Orophar-

ynx
79 15 52 45

 Hypophar-
ynx

10 2 21 18

 Larynx 114 22 11 10
HPV
 Negative 413 81 88 77
 Positive 76 15 25 22
 x 21 4 2 2

T stage
 1 34 7 21 18
 2 148 29 62 54
 3 133 26 20 17
 4 180 35 12 10
 x 15 3 0 0

N stage
 0 237 46 24 21
 1 81 16 29 25
 2 162 32 62 54
 3 9 2 0 0
 x 21 4 0 0

M stage
 0 480 94 80 70
 1 6 1 0 0
 x 24 5 35 30

Staging
 I 20 4 2 2
 II 94 18 16 14
 III 103 20 29 25
 IV 280 55 68 59
 x 13 3 0 0

Smoker
 Never/ex 323 63 51 44

Active 173 34 64 56
 x 14 3 0 0

Radiotherapy
 No 86 17 0 0
 Adjuvant 189 37 115 100
 Primary 18 4 0 0

Table 1  (continued)

Primary dataset (TCGA) Secondary dataset (TMA)

Total 
(n = 510)

Percent (%) Total 
(n = 115)

Percent (%)

 Neoadju-
vant

6 1 0 0

 x 211 41 0 0
Pharmaceutical therapy
 No 129 25 96 83
 Adjuvant 113 22 19 17
 Primary 4 1 0 0
 Neoadju-

vant
8 2 0 0

 x 256 50 0 0
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Association of PSMD14 mRNA expression and CNV 
with clinicopathological data

To assess the association of PSMD14 mRNA expression 
and CNV with clinicopathological features, mRNA expres-
sion was stratified into high and low expression and cor-
relation analysis was performed using Fisher’s exact test or 
Chi-squared test.

mRNA expression of PSMD14 was high in 222 patients 
(44%). High expression of PSMD14 mRNA was associated 
with locally advanced stages (T3-4, p = 0.001), advanced 
overall staging (III-IV, p = 0.040) and an HPV negative sta-
tus (p = 0.011). CNV was high in 252 patients (50%). High 
CNV was associated with locally advanced stages (T3-4, 
p = 0.044) and tobacco use (p = 0.014). PSMD14 mRNA 
expression moderately correlated with CNV  (chi2 p < 0.001, 
r = 0.529).

Analysis of PSM14 mRNA expression and CNV 
with prognosis

Next, PSMD14 mRNA expression and CNV were investi-
gated for their association with OS and DFS using log-rank 
test and an uni- and multivariable cox-proportional hazard 
regression model.

Patients with high PSMD14 mRNA showed a shorter 
median OS (5.5 vs. 3.1 years, p = 0.013) and DFS (5.1 vs. 
4.0 years, p = 0.032; Fig. 2). Patients with a high PSMD14 

mRNA expression showed an increased risk for death (HR 
1.41, 95% CI 1.07–1.85, p = 0.014) and recurrence (HR 
1.36, 95% CI 1.02–1.80, p = 0.033) in univariable analysis 
(Table 2). Additional analysis of the continuous mRNA z 
scores revealed an increased risk for death (HR 1.19, 95% 
CI 1.07–1.32, p = 0.001) and recurrence (HR 1.16, 95% CI 
1.04–1.29, p = 0.007). However, these results did not prevail 
in multivariable analysis after correction for stage, smoker 
and HPV status. CNV was not associated with OS or DFS 
(Fig. 2; Table 2).

Secondary dataset (TMA)—analysis of PSMD14 
protein expression

To validate the findings of the TCGA cohort, protein expres-
sion of PSMD14 was assessed using immunohistochemistry 
in a secondary cohort and associated with clinicopathologi-
cal data and patient outcome.

One hundred fifteen patients were included in this dataset. 
Patient characteristics of the secondary dataset are described 
in Table 1, right column. The median age at diagnosis was 
59 (53–63) years. The median observation period was 8.9 
(6.3–11.8) years. The median OS was 9.9 (2.61-not reached) 
years and the median DFS was 13.1 (2.7-not reached) years. 
Protein expression was assessed using immunohistochem-
istry (Fig. 1). The median protein score was 33 (15–60). 
Patients were stratified at a protein expression score of 30. 
Sixty-four patients (56%) showed high expression and 51 

Table 2  Univariable and 
multivariable analysis of overall 
survival (OS) and disease-free 
survival (DFS) and PSMD14 
mRNA expression, copy 
number variation (CNV) or 
protein expression

A p value below 0.05 was considered significant (bold)
HR hazard ratio, CI confidence interval

Univariable Multivariable

HR 95% CI p value HR 95% CI p value

Overall survival
TCGA 
 PSMD14 mRNA high vs. low 1.41 1.07–1.85 0.014 1.24 0.93–1.65 0.135
 PSMD14 mRNA z-score 1.19 1.07–1.32 0.001 1.12 1.00–1.25 0.055
 PSMD14 CNV high vs. low 1.09 0.83–1.43 0.539 0.94 0.71–1.26 0.685
 PSMD14 CNV z-score 1.66 0.64–4.34 0.297 0.98 0.37–2.64 0.974

TMA
 PSMD14 protein high vs. low 1.66 0.96–2.86 0.070 1.39 0.96–2.86 0.259
 PSMD14 protein score 1.00 1.00–1.01 0.467 1.00 1.00–1.01 0.957

Disease-free survival
TCGA 
 PSMD14 mRNA high vs. low 1.36 1.02–1.8 0.033 1.28 0.95–1.72 0.105
 PSMD14 mRNA z-score 1.16 1.04–1.29 0.007 1.12 0.99–1.25 0.069
 PSMD14 CNV high vs. low 1.04 0.79–1.38 0.771 1.00 0.74–1.35 0.999
 PSMD14 CNV z-score 0.94 0.34–2.62 0.905 0.69 0.24–1.98 0.496

TMA
 PSMD14 protein high vs. low 1.25 0.66–2.37 0.500 1.07 0.55–2.06 0.845
 PSMD14 protein score 1.01 1.00–1.02 0.263 1.00 0.99–1.01 0.542
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patients (44%) showed low expression of PSMD14. Within 
the high and low expression groups, the median expression 
scores were 53 (38–78) and 12 (6–19), respectively. Eight 
patients (7%) were PSMD14 negative (expression score < 5).

High PSMD14 protein expression was associated with 
lymph node metastasis (N1-3, p = 0.002) and advanced 
stages (III–IV, p = 0.002; Table 3). Protein expression was 
not associated with OS or DFS (Table 2, Fig. 2).

Fig. 1  A High and B low 
protein expression of PSMD14 
in HNSCC

Table 3  Correlation analysis for associations between mRNA expression, copy number variation (CNV) and protein expression of PSMD14 and 
clinicopathological features

Analysis was performed using Fisher’s exact test or Chi-squared test. A p value below 0.05 was considered significant (bold)
HPVhr HPV high risk

Primary dataset (TCGA) Primary dataset (TCGA) Secondary dataset (TMA)

PSMD14 mRNA PSMD14 CNV PSMD14 protein

Low High p value Low High p value Low High p value

Sex
 Female 70 (24%) 62 (28%) 74 (29%) 56 (22%) 12 (24%) 15 (23%)
 Male 218 (76%) 160 (72%) 0.354 178 (71%) 196 (78%) 0.067 39 (76%) 49 (77%) 0.991

Age
 < 60 141 (49%) 90 (41%) 117 (46%) 112 (44%) 32 (63%) 30 (47%)
 ≥ 60 147 (51%) 132 (59%) 0.058 135 (54%) 140 (56%) 0.655 19 (37%) 34 (53%) 0.090

T stage
 T1–2 120 (43%) 62 (29%) 100 (41%) 80 (32%) 38 (75%) 45 (70%)
 T3–4 159 (57%) 154 (71%) 0.001 143 (59%) 167 (68%) 0.044 13 (25%) 19 (30%) 0.618

N stage
 N0 131 (48%) 106 (50%) 123 (51%) 111 (46%) 18 (35%) 7 (11%)
 N1–3 144 (52%) 108 (50%) 0.677 118 (49%) 132 (54%) 0.238 33 (65%) 57 (89%) 0.002

Staging
 I–II 74 (26%) 40 (19%) 62 (25%) 50 (20%) 14 (27%) 4 (6%)
 III–IV 207 (74%) 176 (81%) 0.040 183 (75%) 197 (80%) 0.181 37 (73%) 60 (94%) 0.002

HPVhr
 Negative 223 (81%) 190 (89%) 205 (83%) 207 (86%) 40 (80%) 48 (76%)
 Positive 53 (19%) 23 (11%) 0.011 41 (17%) 35 (14%) 0.502 10 (20%) 15 (24%) 0.628

Smoker
 Never/ex 187 (67%) 136 (63%) 173 (71%) 147 (60%) 27 (53%) 24 (38%)
 Active 94 (33%) 79 (37%) 0.446 72 (29%) 98 (40%) 0.014 24 (47%) 40 (63%) 0.098
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Discussion

HNSCC is the sixth most frequently diagnosed cancer 
worldwide. Treatment de-escalation is currently under inves-
tigation in HPV positive tumors because of the favorable 

prognosis (Mirghani and Blanchard 2018; Tawk et al. 2022). 
To date, there are no other biomarkers in clinical use to iden-
tify patients with a more aggressive phenotype. PSMD14 
is an essential part of the proteasome and has been linked 
to prognosis in various cancers (Jing et al. 2021a; Lv et al. 

Fig. 2  Kaplan–Meier survival curves of overall survival (OS) and disease-free survival (DFS) for PSMD14. A mRNA expression, B copy num-
ber variation (CNV), or C protein expression. p: log-rank p value
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2019; Wang et al. 2019; Zhu et al. 2018; Luo et al. 2017; 
Song et al. 2017; Zhang et al. 2020; Lei et al. 2021). In 
HNSCC, a first study has shown an association of PSMD14 
mRNA and protein expression with advanced stages and 
prognosis, however, no correction for confounders was 
reported. Furthermore, inhibition of PSMD14 has shown 
promising results in vitro and in vivo (Jing et al. 2021a, b; 
Lv et al. 2019; Zhang et al. 2020). Therefore, the expression 
of PSMD14 mRNA, protein and CNV was investigated in 
two HNSCC cohorts and evaluated as an independent prog-
nostic marker.

PSMD14 mRNA expression and CNV was high in 44 
and 50% of patients, respectively, and protein expression of 
PSMD14 was high in 56%. High PSMD14 mRNA expres-
sion was associated with advanced T and N stage and a 
negative HPV status. In accordance, high CNV values were 
associated with a high T stage and active smokers. In the sec-
ondary dataset, high protein expression was associated with 
a positive N stage and advanced overall stage. These results 
are in line with literature. PSMD14 expression was high in 
42% of HNSCC (Jing et al. 2021a), 66% of non-small cell 
lung cancer (Lei et al. 2021) and 64% of ovarian cancer (Sun 
et al. 2021). Furthermore, high PSMD14 levels were asso-
ciated with advanced cancer stages in various cancer types 
(Jing et al. 2021a; Luo et al. 2017; Zhang et al. 2020; Lei 
et al. 2021; Sun et al. 2021). Since expression of PSMD14 
is associated with tumor promotion through interaction with 
the transcription factor E2F1 (Jing et al. 2021a; Wang et al. 
2015), our results further support that PSMD14 plays a role 
in cancer progression of HNSCC. A first preclinical study 
shows promising anticancer results of the PSMD14 inhibi-
tor thiolutin in HNSCC (Jing et al. 2021a). Furthermore, 
inhibition of PSMD14 with o-phenanthroline, thiolutin and 
capzimin showed anticancer effects in other cancer types 
(Li et al. 2017; Jing et al. 2021b; Lv et al. 2019; Song et al. 
2017). Based on our data, the evaluation of PSMD14 as a 
therapeutic target is recommended in HNSCC, especially 
in advanced stages, due to the more common upregulation.

Next, we analyzed the association of PSMD14 with prog-
nosis. High PSMD14 mRNA expression was associated with 
a shorter median OS and DFS. Furthermore, high categori-
cal and continuous mRNA expression was associated with 
a worse OS and DFS in univariable analysis. However, 
since high PSMD14 expression was associated with poor 
prognostic factors (advance stages, HPV negative status), 
we further performed multivariable analysis. After correc-
tion for possible confounders (including staging, HPV and 
smoker status), PSMD14 mRNA expression did not show an 
association with disease outcome. In contrast, when CNV 
and protein expression were analyzed, there was no asso-
ciation with OS or DFS. While Jing et al. concluded that 
high PSMD14 protein expression is a prognostic factor in 
HNSCC and is also associated with advanced stages in their 

study, no multivariable analysis was reported to correct for 
confounders (Jing et al. 2021a). Similarly, high expression 
of PSMD14 is associated with a worse prognosis in multiple 
myeloma, esophageal, ovarian, breast cancer and osteosar-
coma. Although expression is associated with prognosis and 
occasionally with advanced cancer features in these stud-
ies, correction of the prognostic relevance of PSMD14 for 
potential confounders was not described (Lv et al. 2019; 
Luo et al. 2017; Song et al. 2017; Sun et al. 2021; Gong 
and Wei 2021). In accordance with our results, Zhang et al. 
revealed that PSMD14 is associated with OS and DFS in 
lung adenocarcinoma. However, after multivariable analysis, 
PSMD14 failed to show an independent association (Zhang 
et al. 2020). In contrast, PSMD14 is an independent prog-
nostic factor in hepatocellular carcinoma and non-small cell 
lung cancer (Wang et al. 2019; Lei et al. 2021). Altogether, 
these results indicate that PSMD14 plays a role in advanced 
cancers. The question remains whether PSMD14 may serve 
as an independent prognostic biomarker in HNSCC or its 
association with prognosis is a result of upregulation during 
cancer progression.

There are limitations of this study that need to be dis-
cussed. First, mRNA and CNV expression were compared 
to protein expression in a second cohort. Although corre-
lation of mRNA and protein at the bulk level is assumed, 
protein expression may be modified by post-transcriptional 
processes (Liu et al. 2016). Second, interpretation of the 
results is limited due to the retrospective design. Selection 
bias may apply; however, the risk was reduced by includ-
ing a homogenously treated secondary cohort. Third, the 
stratification for high and low expression was determined 
using the median as an empiric cutoff. Thus, interpretation 
of the results in comparison to other studies is difficult as 
the cutoff may vary. Last, protein expression was analyzed 
in three TMA cores taken from representative tumor areas 
using QuPath. However, the distribution of protein expres-
sion within the tumor may vary.

In conclusion, the results of this retrospective study indi-
cate that high PSMD14 is associated with advanced stages 
in HNSCC. Therefore, further evaluation of PSMD14 as 
a therapeutic target is warranted, especially in these sub-
groups. While PSMD14 mRNA expression was associated 
with prognosis in univariable Cox regression, this may result 
from the association with poor prognosticators.
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