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Abstract. Radiotherapy is a major treatment option for head 
and neck squamous cell carcinoma (HNScc). However, the 
success of radiotherapy is limited by tumor cell resistance to 
ionizing radiation (IR). clinical studies have demonstrated an 
overall improved prognosis and higher susceptibility to radio-
therapy of high-risk human papillomavirus (HPV)-associated 
HNScc compared with classic HNScc, as well as worse 
overall survival for male HNScc patients. Overexpression 
of heterogeneous nuclear ribonucleoprotein (hnRNP) K has 
been associated with resistance to radiotherapy in melanoma 
and colorectal carcinoma. The aim of the present study was 
to analyze the impact of hnRNP K expression on the aggres-
siveness and radioresistance of HNScc with respect to 
patient sex and HPV status. Immunohistochemical staining 
of HNScc tissue specimens revealed elevated hnRNP K 
levels compared with those in the non-neoplastic epithelium. 
cytoplasmic hnRNP K accumulation was associated with 
advanced tumor stage and male sex. Exposure of HNScc 
cells to IR was followed by rapid upregulation of hnRNP K 
at the protein level, along with re-localization from the tumor 
cell nucleus to the cytoplasm. siRNA-based knockdown of 
hnRNP K induced apoptosis and abolished tumor formation 

after xenotransplantation of HNScc cells onto the chick egg 
chorioallantoic membrane (cAM). The observed effects were 
independent of the respective HPV status of the cell lines. 
These results indicated a tumorigenic and anti-apoptotic role 
of hnRNP K in HNScc, which appeared to be enhanced in 
male patients and contributed to the radioresistance of these 
tumors. However, the radioprotective effects of hnRNP K 
were found to be independent of the tumor's HPV status.

Introduction

Head and neck squamous cell carcinoma (HNScc), including 
tumors arising in the nasopharynx, oropharynx and the oral 
cavity, are frequent malignancies with a worldwide inci-
dence of >650,000 cases and 330,000 deaths per year (1,2). 
HNScc belongs to a family of tumors for which a strong 
association with combined alcohol and tobacco use has been 
established (1,3,4). In contrast to the overall declining incidence 
rates, numerous epidemiological studies recently highlighted a 
marked increase of human papillomavirus (HPV)-associated 
HNScc in various western countries, emerging as a growing 
public health concern (5-7). Interestingly, HPV-associated 
(HPV+) HNScc appears to be more sensitive to radiotherapy, 
which contributes in part to the observed better prognosis (4,8). 
currently, the viral oncoproteins E6 and E7 are considered 
to be responsible for impaired dNA damage response upon 
exposure to ionizing radiation (IR) in HPV+ HNScc due to 
degradation of p53 and the inactivation of retinoblastoma 
family members, but the precise mechanism underlying the 
enhanced radiosensitivity of HPV-associated tumors remains 
elusive (9,10).

Numerous studies have highlighted the impact of hetero-
geneous nuclear ribonucleoprotein (hnRNP) K as a key player 
in tumorigenesis (11,12). This multifunctional protein acts as 
a highly integrated docking platform for various signaling 
pathways and regulates the expression of target genes, as 
well as the translation of mRNA transcripts associated with 
cancer initiation and progression (12,13). High hnRNP K 
expression was repeatedly reported in various cancer tissues, 
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including HNScc, and linked to advanced tumor stage as well 
as enhanced invasiveness, increased propensity for metas-
tasis and poor clinical outcome (14-19). Accordingly, it was 
reported that hnRNP K knockdown reduces the tumorigenic 
characteristics of multiple cancer cells (18).

Furthermore, hnRNP K represents a crucial co-factor for 
the p53-mediated dNA damage repair (ddR) upon exposure 
to IR. DNA damage finally results in the upregulation of tran-
scripts for p53 target genes in a p53/hnRNP K-codependent 
manner (20). As a typical consequence, IR-induced arrest of 
cell cycle progression at the G1 or G2 phase is mediated by the 
p53/hnRNP K target proteins p21 or 14-3-3σ, respectively (21).

Finally, hnRNP K has been shown to be indispensable for 
an effective cellular IR-induced ddR in various cell models, 
including HNScc (22,23).

Interestingly, a recent proteomic study in HNScc cells 
revealed increased cellular hnRNP K levels in response to 
IR, whereas hnRNP K knockdown impaired HNScc cell 
migration, which is a prerequisite for metastasis (24).

The aim of the present study was to analyze whether 
hnRNP K expression contributes to the differences in radiore-
sistance between HPV+ and HPV- HNScc. It was hypothesized 
that the known responsiveness of HPV-dependent HNScc 
to radiotherapy may be associated with higher expression 
of hnRNP K compared with HPV-independent HNScc. 
Therefore, the functional consequences of hnRNP K in the 
tumorigenic characteristics of HNScc cells were investigated 
applying immunohistochemistry (IHc), knockdown analyses 
and a chick egg chorioallantoic membrane (cAM) assay as a 
preclinical in vivo tumor model. Furthermore, as the prognosis 
of patients with HNScc is associated with sex, potential differ-
ences in hnRNP K expression between HNScc samples from 
female and male patients were investigated. The results of the 
present study may facilitate further stratification of HNSCC 
patients beyond HPV status with regard to dosage of radio-
therapy and/or elucidate the role of hnRNP K and associated 
pathways as possible therapeutic targets in HNScc.

Materials and methods

Tissue samples. Two slides each from two head and neck 
cancer tissue microarrays (TMA) were obtained from a 
commercial provider (US Biomax, Inc.; cat. nos. HN802 and 
HN803c). Each TMA contained 80 individual cases including 
head and neck tumor tissue derived from oral, oropharyngeal 
and laryngeal Scc, as well as normal tissues. The tissue speci-
mens were formalin‑fixed and paraffin‑embedded (FFPE). 
All TMA slides consisted of one single FFPE core per case 
(HNScc and normal tissue).

A total of 11 non-Scc cases and 8 cases representing 
HNScc metastases were excluded from the analysis. 
Additionally, 4 overlapping cases from both TMAs had to be 
considered. A total of 5 cases were excluded due to missing 
tissue cores. For 7 HNScc cases, no grading information 
was available. The detailed clinicopathological sample 
characteristics are listed in Table I.

IHC. IHc was performed as previously described (25). For 
IHc staining of TMAs, a rabbit monoclonal antibody against 
hnRNP K [dilution 1:250, 60 min at room temperature (RT), 

Biozol diagnostica Vertrieb GmbH, cat. no. LS-c138027], a 
rabbit polyclonal antibody against p16INK4A (dilution 1:250, 
60 min at RT, cell Signaling Technology, Inc., cat. no. 4824) 
and the Zytochem Plus AP Polymer Kit (Zytomed Systems 
GmbH, cat. no. POLAP-100) were used according to the 
manufacturer's instructions. An experienced pathologist 
determined IHc scores separately for tumor cell nuclei and 
cytoplasm by assessing the staining intensity for hnRNP K 
and p16, respectively, using the following scoring method: 
Lack of immunoreactivity (0), weak immunoreactivity (1) and 
strong immunoreactivity (2).

Cell culture and transient transfection. cal-27 cells were 
obtained from ATcc (cRL-2095™, lot no. 62278082) and 
UPcI-Scc-154 were obtained from dSMZ (UPcI-Scc-154 
Acc 669 lot no. 2) and were authenticated by STR analysis. 
The HPV status was determined using a PcR-based assay 
by the respective companies. Both cell lines were routinely 
tested to ensure the absence of mycoplasma contamination. 
cal-27 originated from a 56-year old man suffering from 
Scc of the tongue and were cultivated in dMEM GlutaMAX 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FCS (Roche Diagnostics GmbH) at 37˚C and 5% CO2. 
UPcI-Scc-154 cells were originally derived from an oral 
Scc of a 54-year-old man and were incubated in MEM (with 
Earle's salts) supplemented with 10% FcS, 2 mM L-glutamine 
plus non-essential amino acids (Roche diagnostics GmbH). 
According to the provider, PCR analyses confirmed Cal‑27 
cells as derived from an HPV-negative and UPcI-Scc-154 
cells as derived from an HPV-positive tumor. For the trans-
fection experiments, we used Lipofectamine™ 2000 as the 
transfection reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.), Silencer® Select negative control siRNA #1 and Silencer® 
Select hnRNP K (sequence: 3'-AUA AUc AUA GGU UUc AUc 
Gta; 5'-cGA UGA AAc cUA UGA UUA Utt; both from Thermo 
Fisher Scientific, Inc.). At 48 h after transfection, cells were 
harvested and treated according to the respective experimental 
procedures.

Radiation exposure. For radiation experiments, HNScc cells 
were exposed to 240 kV X-rays using the MaxiShot system 
(YXLON International GmbH) including a 3-mm beryllium 
filter at a plateau dose rate of 1 Gy/min at 13 mA. Applied 
doses were monitored with a PTW Unidose dosimeter (PTW 
Freiburg GmbH). during irradiation experiments, control 
cells were stored under equivalent external environmental 
conditions to ensure comparability.

Immunoblotting. For western blot analyses, the Xcell 
Sure Lock™ Mini-cell Electrophoresis System was used. 
Equalization of protein concentrations was performed using 
the BcA Protein Assay Kit (both from Thermo Fisher 
Scientific, Inc.). A rabbit monoclonal antibody was used for 
hnRNP K detection (dilution 1:1,000; Biozol diagnostica 
Vertrieb GmbH, cat. no. LS-c138027) and HRP-conjugated 
anti-GAPdH served as the loading control (dilution 1:10,000; 
cell Signaling Technology, Inc., cat. no. 3683S). Acquisition 
of digital images was carried out with the myEcL™ Imager 
system (Thermo Fisher Scientific, Inc.). For densitometry 
greyscale intensity, the values of hnRNP K and GAPdH were 
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determined using ImageJ software, v. 1.51 (National Institutes 
of Health) before referencing to the non-irradiated control 
values and calculating the hnRNP K/GAPdH ratios.

Immunofluorescence (IF) microscopy. IF microscopy was 
performed as previously described (26). For IF staining of 
HNScc cells, TexasRed-conjugated Phalloidin (dilution 1:40, 
Invitrogen; Thermo Fisher Scientific, Inc.), mouse monoclonal 
anti-hnRNP K (dilution 1:1,000, cell Signaling Technology, 
Inc.) and a rabbit polyclonal anti-p16INK4A (dilution 1:1,000, 
cell Signaling Technology, Inc.) were used following 60 min 
of incubation at RT. The nuclei were stained using Fluoroshield 
Mounting Medium with dAPI (Abcam). Fluorescence 
labeling was carried out with Alexa Fluor® 488-conjugated 
goat polyclonal anti-mouse and Alexa Fluor® 488-conjugated 
goat polyclonal anti-rabbit antibodies (both from Thermo 
Fisher Scientific, Inc.; dilution 1:500). Image acquisition was 
performed with a Zeiss AxioImager 2i fluorescence micro-
scope (carl Zeiss AG) and the ISIS fluorescence imaging 
system (MetaSystems).

Apoptosis assay. Induction of apoptosis was examined 6 h 
post-IR using the Bio-Plex® Multiplex Immunoassay System 
and the Bio-Plex Pro™ RBM Apoptosis Panel 3 (both from 
Bio-Rad Laboratories, Inc.) according to the manufacturers' 
instructions.

Clonogenic survival assay. UPcI-Scc-154 and cal-27 cells 
were seeded in 6-well plates (seeding densities for 0 Gy: 
200 cells/well; 2 Gy: 600 cells/well) and cultured at 37˚C for 
24 h. Subsequently, the cells were transfected or irradiated 
(n=4). After 9 days, tumor cell colonies were fixed with 70% 
ethanol at RT for 10 min before staining with gentian violet at 
RT for 10 min. colonies containing >50 cells were manually 
counted using a Zeiss STEMI SV8 stereomicroscope (carl 
Zeiss AG). Experiments were performed in quadruplicate.

CAM assay. The cAM tumor xenograft assay was performed 
as previously described (27,28). Briefly, fertilized chicken eggs 
were incubated (37˚C; 60% relative air moisture), fenestrated 
and a silicone ring (diameter: 5 mm) was placed on top of the 
vascularized cAM on day 7 of fertilization. HNScc cells 
(1.5x106 cells/egg) were dissolved in a 1:1 solution of medium 
and Matrigel (Bd diagnostics) and grafted on the cAM surface 
within the ring. HNScc xenografts were incubated for another 
4 days, harvested, imaged and fixed in phosphate‑buffered 4% 
formaldehyde solution at RT for 24 h (Roti‑Histofix®, carl 
Roth GmbH). After embedding in paraffin, the tumor blocks 
were serially cut at 5 µm and the sections were mounted on 
slides coated with poly-L-lysine. For subsequent IHc staining, 
the following primary antibodies were used: Monoclonal 
rabbit anti-hnRNP K (dilution 1:250; Biozol diagnostica 
Vertrieb GmbH, cat. no. LS-c138027), monoclonal mouse 

Table I. Association of nuclear and cytoplasmic hnRNP K expression levels (IHc score) in HNScc tissues with the clinicopatho-
logical characteristics of 117 patients with HNScc.

 IHc score hnRNP K
 --------------------------------------------------------------------------------------------------------------------------------------------------------
characteristics No. Nucleara P-valueb cytoplasmica P-valueb

Normal oral tissue 15 0.60±0.23 0.028 0.27±0.12 0.3
HNScc 117 1.16±0.08  0.49±0.06 

Sex   <0.001  0.009
  Male 59 1.46±0.10  0.68±0.10 
  Female 58 0.86±0.10  0.29±0.07 

HPV status   0.298  0.685
  p16-negative 95 1.13±0.08  0.47±0.07 
  p16-positive 22 1.32±0.18  0.55±0.16 

Age, years   0.791  0.32
  <57 58 1.14±0.11  0.43±0.09 
  ≥57 59 1.19±0.10  0.54±0.09 
UIcc stage    0.052  0.003
  I-III 83 1.07±0.09  0.34±0.06 
  IV 34 1.38±0.14  0.85±0.14 

Gradec   0.426  0.545
  G1 37 1.27±0.13  0.40±0.10 
  G2 49 1.04±0.12  0.59±0.11 
  G3 24 1.21±0.17  0.49±0.15 

aMean ± SEM; bKruskal-Wallis test, dunn's post hoc test; cNo grading information was available for 7 HNScc cases. hnRNP K, heterogenous 
nuclear ribonucleoprotein K; HNScc, head and neck squamous cell carcinoma; IHc, immunohistochemistry; UIcc, Union for International 
cancer control.



KÄHLER et al:  OVEREXPRESSION OF hnRNP K IN HNScc1736

anti-Ki-67 and monoclonal mouse anti-desmin (dilution 1:100; 
both from dako; Agilent Technologies, Inc., cat. nos. M7240 
and M0760).

Tumor volume (TV; mm3) was calculated according to the 
formula: TV=length (mm) x width2 (mm) x π/6 (29).

Statistical analysis. For calculation of differences between IHc 
expression levels, clonogenic survival and cleaved caspase-3 
expression, Kruskal-Wallis test was performed followed by 
the appropriate post hoc test as indicated in the figure legends 
using GraphPad Prism v.5.00 (GraphPad Software, Inc.) 
or SigmaPlot 14.0 (Systat Software, Inc.). The plating effi-
ciency (PE) and surviving fraction (SF) of colony formation 
assays were calculated as follows: PE=(colonies counted)/(cells 
seeded per well) x100; SF=(colonies counted)/[(cells seeded 
per well) x (PE/100)]. According to the linear-quadratic model 
of cell survival (S=e–α*d–β*d^2) we calculated the parameters 
α and β by non-linear regression analysis using SigmaPlot 14.0 
(Systat Software, Inc.) and considered P<0.05 as statistically 
significant.

Results

Strong hnRNP K expression in HNSCC is associated with 

advanced tumor stage and male sex. Two sequential sections 
of tissue samples from 117 HNScc patients and 15 samples 
of non-neoplastic oropharyngeal epithelium were immu-
nostained for hnRNP K and p16 (Fig. 1). Nuclear, but not 
cytoplasmic, immunoreactivity with the antibody against 
hnRNP K was significantly elevated in HNScc tumor 
samples vs. normal epithelium (Table I). Accordingly, the 
odds ratio for nuclear hnRNP K IHc scores >0 was found 
to be significantly increased in HNScc tissue compared 
with normal oral tissue by 5.5 [95% confidence interval (CI): 
1.8-17.5; P=0.004; Table II].

Furthermore, elevated cytoplasmic hnRNP K levels 
were observed in tissue samples from tumors with a high 
clinical stage [Union for International cancer control (UIcc) 
IV, Table I]. Advanced tumor progression was shown to 
significantly increase the odds ratio by 7.1 (95% CI: 2.0‑25.1; 

Figure 1. (A) Representative images of HNScc tissue samples for hnRNP K 
IHc staining focusing on nuclear (nuc) and cytoplasmic (cyt) hnRNP K expres-
sion (scale bar, 200 µm): hnRNP K-negative (upper panel), nuclear hnRNP K 
expression (middle panel) and hnRNP K nuclear and cytoplasmic expression 
(lower panel). (B) Representative images of p16 INK4A-negative (upper panel) 
and -positive (lower panel) HNScc samples. Staining for p16INK4A served as 
a surrogate marker for HPV-positive HNScc. HNScc, head and neck squa-
mous cell carcinoma; hnRNP K, heterogenous nuclear ribonucleoprotein K; 
IHc, immunohistochemistry; HPV, human papillomavirus.

Table II. Association of hnRNP K IHc score with the analyzed categories (tissue, sex and stage) among 117 HNScc cases and 
15 normal oral tissue samples.

Model OR 95% cI P-value

Nuclear hnRNP K IHc score >0a    0.004
  Normal tissue 1  
  HNScc 5.5 1.8 17.5

Nuclear hnRNP K IHc score 2a    <0.001
  Female 1  
  Male 4.9 2.2 10.9

cytoplasmic hnRNP K IHc score >0a    0.005
  Female 1  
  Male 3.2 1.5   7.2

cytoplasmic hnRNP K IHc score 2a    0.002
  I-III stageb 1  
  IV stageb 7.1 2.0 25.1

aLack of immunoreactivity (0), weak immunoreactivity (1), strong immunoreactivity (2); bUICC. OR, odds ratio; CI, confidence interval; 
hnRNP K, heterogenous nuclear ribonucleoprotein K; HNScc, head and neck squamous cell carcinoma; IHc, immunohistochemistry; 
UIcc, Union for International cancer control.
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P=0.002) for the presence of strong cytoplasmic hnRNP K 
immunoreactivity (IHc score 2) in the analyzed HNScc 
samples (Table II).

Both strong nuclear and cytoplasmic hnRNP K immunore-
activity in HNSCC was shown to be statistically significantly 
associated with male sex (Table I). In line with these findings, 
the odds ratio for the presence of a higher hnRNP K expres-
sion was found to be significantly increased in male compared 
with female patients for both subcellular localizations, as 
shown in Table II.

By contrast, there was no significant difference between 
the mean values of hnRNP K IHc scores according to the p16 
status as a surrogate marker of HPV-induced tumorigenesis or 
any other patient characteristics (Table I).

Accumulation of hnRNP K in HNSCC cells as response to 

IR independent of HPV status. First, cal-27 cells were veri-
fied as non-HPV- and UPcI-Scc-154 cells as HPV-associated 
HNScc cell lines by p16INK4A immunostaining followed 
by fluorescence microscopy (Fig. 2A). Contrary to Cal‑27, 

Figure 2. (A) Representative images of HNScc cell clusters stained for p16INK4a using immunofluorescence illustrate the HPV status of cal-27 
(HPV-negative) and UPcI-Scc 154 (HPV-positive) cells (scale bar, 40 µm). (B) clonogenic survival assay of the HNScc cell lines cal-27 and UPcI-Scc 
154 after 9 days. data are presented as mean ± Sd of 4 independent experiments. (c) Representative immunoblots demonstrate a rapid increase in cellular 
hnRNP K levels induced by IR (2 Gy), reaching maximum levels after 30-60 min before normalization of cellular hnRNP K levels within 24 h. Ratios represent 
hnRNP K/GAPDH referenced to non‑irradiated control. (D) Dose‑dependent accumulation of cellular hnRNP K 1 h after IR. (E) Immunofluorescence micros-
copy indicated cytoplasmic hnRNP K accumulation 1 h after irradiating cells with 2 Gy (scale bar, 20 µm). HNScc, head and neck squamous cell carcinoma; 
hnRNP K, heterogenous nuclear ribonucleoprotein K; HPV, human papillomavirus; IR, ionizing radiation.
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a dose of 6 Gy completely abrogated the clonogenicity of 
UPcI-Scc-154 cells (Fig. 2B). Based on the linear-quadratic 
model of cell survival, the linear (α) and quadratic (β) constants 
of the fitted dose effect curves were determined (Fig. 2B; R2 
of the fit 0.997 for Cal‑27 and 0.989 for UPCI‑SCC‑154) and 
calculated the α/β-ratio in Gy. For UPcI-Scc-154 cells, a 
lower α/β-ratio (6.39 Gy; 0.5164/0.0808) was found compared 
to cal-27 cells (23.63 Gy; 0.4395/0.0186). These results 
revealed a higher radiosensitivity and a lower fractionation 
sensitivity for HPV-associated UPcI-Scc-154 cells compared 
to cal-27 cells.

Acute radiation exposure using a clinically relevant 
individual dose of 2 Gy increased cellular hnRNP K concen-
trations in both cell lines, displaying a maximum plateau phase 
between 0.5 and 1 h post-exposure before reaching initial 
values after 24 h, as shown by immunoblotting (Fig. 2c). This 
effect appeared to be dose-dependent when analyzing cells 1 h 
after radiation exposure (Fig. 2d).

To analyze radiation-induced changes in hnRNP K 
expression and subcellular localization, IF microscopy we 
additionally performed. Upon applying IR at 2 Gy, both cell 
lines responded with cytoplasmic hnRNP K accumulation 
within 1 h (Fig. 2E).

Interestingly, all observed radiation-induced changes in 
the expression levels and cellular localization of hnRNP K 
were independent of the HPV status of the cell lines 
investigated.

Transient hnRNP K knockdown induces apoptosis in HNSCC 

cells. Knockdown experiments based on hnRNP K siRNA 
transfection were performed to specify the functional effects 
of cellular hnRNP K on the radiation response of HNScc 
cells. The efficiency of the transient hnRNP K knockdown 
was verified by immunoblotting (Fig. 3A) and its persis-
tence after 4 days was demonstrated by cAM experiments 
(Fig. 4A and B).

clonogenic survival assays significantly impaired the 
clonogenic ability in both HNScc cell lines deficient of 
endogenous hnRNP K (Fig. 3B and c). cal-27 cells, in 
particular, completely lost their ability to form colonies under 
this condition. In UPcI-Scc-154 cells, complete abrogation 
of colony formation was achieved by combined treatment with 
hnRNP K knockdown and 2 Gy IR.

To highlight the potential role of apoptosis in this obser-
vation, the cellular levels of the pro-apoptotic protein active 
caspase-3 were analyzed (Fig. 3d). Radiation alone (2 Gy) 
significantly increased active caspase‑3 by ~1.3‑fold under 
control conditions (mock) in both investigated HNScc cell 
lines. After additional hnRNP K knockdown, cellular active 
caspase-3 levels were found to be elevated even up to 3-fold. 
However, this finding reached statistical significance level for 
cal-27 cells only.

In summary, these findings indicate enhanced apoptosis of 
HNScc cells as the main cause for the deprivation of clono-
genicity following loss of cellular hnRNP K, and confirmed 

Figure 3. (A) Effective hnRNP K knockdown by transient transfection was verified by immunoblotting. Mock transfection served as control. (B) Representative 
images of colonies after 9 days of incubation. (c) Statistical analysis of clonogenic survival assays during hnRNP K knockdown. All experiments were carried 
out in quadruplicate. data are presented as mean ± Sd. *P<0.05 (Kruskal Wallis test, Tukey's post hoc test). (D) ELISA showed significantly increased levels of 
cellular active caspase-3 in cal-27 and UPcI-Scc-154 cells parallel to hnRNP K knockdown. data are presented as mean ± Sd. *P<0.05; n.s., not significant; 
n=6 (Kruskal Wallis test, Holm-Sidak post hoc test). hnRNP K, heterogenous nuclear ribonucleoprotein K.
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the involvement of hnRNP K in the radioresistance of HNScc 
cells.

hnRNP K knockdown inhibits HNSCC xenograft forma-

tion on the CAM in vivo. The cAM model was used to 
investigate the impact of cellular hnRNP K levels on the 
tumor-forming capacity of HNScc cells in vivo. HNScc 
cells with hnRNP K knockdown and/or irradiation were 
seeded on the cAM of fertilized chicken eggs. The resulting 
tumors were imaged and harvested 4 days later. IHc of 
the FFPE tumor sections confirmed effective knockdown 
of hnRNP K (Fig. 4A and B). The tumor forming capacity 
of cal-27 cells was markedly decreased by both hnRNP K 

knockdown and irradiation. In both conditions, macroscopic 
analysis of the tumor volumes was not possible due to poor 
tumor establishment in 30% (mock 2 Gy) and 22% (siRNA 
mock, siRNA 2 Gy) of the grafted eggs compared to 70% in 
the control group (mock) (Fig. 4C). This was confirmed by an 
almost complete lack of staining for the proliferation marker 
Ki-67 (Fig. 4d).

By contrast, UPcI-Scc-154 cells demonstrated a strong 
tumor forming capacity. Knockdown of hnRNP K resulted in 
significantly reduced tumor volume, impairment of prolifera-
tion, as indicated by Ki-67 immunostaining, and loss of tumor 
vascularization, as shown by desmin immunostaining, whereas 
irradiation alone showed minor efficacy (Fig. 4B, E and F).

Figure 4. Knockdown of hnRNP K inhibits growth of HNSSc xenografts on the chick egg cAM in vivo. cells (mock or siRNA, ± irradiation) were seeded 
on the cAM of fertilized chick eggs 7 days after the start of incubation (1.5x106 cells/egg in medium/Matrigel 1:1). After an incubation period of 4 days 
at 37˚C, the tumors were collected, imaged, fixed and embedded in paraffin for immunohistochemical analysis. Sections (5 µm) were stained for hnRNP K, 
proliferation marker Ki-67 and the angiogenesis marker desmin. Each group contained 9-10 tumor-bearing eggs. (A and B) Representative images of tumor 
xenografts immediately after extraction (1st row), overview of tumor and underlying cAM tissue (H&E staining, 2nd and 3rd rows), immunohistochemical 
staining of hnRNP K-expressing cells (4th row), Ki-67+ proliferative cells (5th row) and desmin+ pericytes indicating angiogenesis (6th row). (c) Percentage of 
solid tumor formation of cal-27 cells 4 days after xenotransplantation (9-10 tumors/group). (d) Percentage of proliferating Ki-67+ cells in cal-27 xenografts. A 
total of 261-358 cells from each tumor were evaluated. data are presented as the mean ± SEM of 4 tumors/group. (E) Mean tumor volume of UPcI-Scc-154 
cancer xenografts 4 days after xenotransplantation as assessed immediately after extraction. Tumor volume was calculated according to the formula: 
π/6 x length x width2. Mean of 9-10 tumors/group. (F) Percentage of proliferating Ki-67+ cells. A total of 298-632 cells from each tumor were evaluated. data 
are presented as the mean ± SEM of 5 tumors/group. *P<0.05 vs. control (mock 0 Gy) (Kruskal Wallis test, dunnett's post hoc test). hnRNP K, heterogenous 
nuclear ribonucleoprotein K; HNScc, head and neck squamous cell carcinoma; cAM, chorioallantoic membrane; H&E, hematoxylin and eosin.
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Discussion

The aim of the present study was to analyze the expression 
levels of hnRNP K in HNScc, with an additional focus 
on its role in HNScc radioresistance with respect to indi-
vidual HPV status and sex. These investigations were based 
on the established role of hnRNP K in radioresistance of 
various malignant tumors (20), the higher radiosensitivity of 
HPV-associated HNScc (4,8) and sex-dependent prognosis 
of HNScc patients (30,31).

Significant higher nuclear, but not cytoplasmic, expres-
sion levels of hnRNP K were detected in HNScc compared 
with normal oral mucosa samples, which was in line with 
previous findings (16,19,32). This observation further supports 
the increasing evidence of high hnRNP K expression in 
cancerous/malignant tissues.

Furthermore, hnRNP K expression was previously suggested 
as a prognostic biomarker associated with worse outcome (11). 
consistently, the capability of hnRNP K to promote migration, 
angiogenesis and the expression of matrix metalloproteinases 
as prerequisites for invasion have previously been discussed 
as key contributing factors to a more malignant phenotype 
of hnRNP K-overexpressing tumors (33,34). Furthermore, 
cytoplasmic hnRNP K levels were herein demonstrated to be 
significantly associated with advanced HNSCC tumor stages, 
which are characterized either by extensive infiltration by the 
primary tumor or by the presence of distant metastasis (UIcc 
stage IV). In line with these observations, particularly aberrant 
cytoplasmic hnRNP K localization has been linked to unfa-
vorable tumor characteristics and patient outcome, including 
patients with HNScc (16,19).

IHc demonstrated a significantly stronger hnRNP K 
expression (both nuclear and cytoplasmic) in male compared 
to female patients. To the best of our knowledge, this is the first 
study to describe a sex‑specific difference in hnRNP K expres-
sion in HNScc tumor samples. A previous study also reported 
higher hnRNP K levels in HNScc from male patients; however, 
the difference did not reach statistical significance (16). The 
finding of higher hnRNP K expression in male patients is of 
particular interest, since the number of studies analyzing the 
impact of sex on HNScc biology and prognosis is limited and, 
in most studies, male patients are significantly over‑represented 
in the investigated cohort (16,30,35). Interestingly, two recent 
studies highlighted a significantly increased hazard ratio for 
male patients for HNScc-related mortality (30,31).

The mechanisms underlying this phenomenon remain 
to be fully elucidated; however, given the results presented 
herein, differences in hnRNP K expression may, at least in 
part, contribute to a worse prognosis in male HNScc patients.

despite our hypothesis, hnRNP K response to irradiation 
was not found to be dependent on HPV status. The higher 
baseline radiosensitivity of HPV-associated HNScc cells was 
confirmed, while upregulation and cytoplasmic redistribution 
of hnRNP K upon exposure to IR were similar in both cell 
lines. siRNA-based knockdown of hnRNP K significantly 
increased the levels of active caspase-3 in HNScc cells, 
indicating induction of apoptosis. comparable initiation of 
programmed cell death due to hnRNP K knockdown has been 
previously demonstrated in various cancer cells (17,18,36,37). 
However, loss of hnRNP K exerted no synergistic effect on 

the radiosensitivity of HNScc cell lines, irrespective of their 
HPV status.

Further analyses using the cAM assay as an in vivo tumor 
xenograft model confirmed that knockdown of hnRNP K 
diminished the tumor-forming ability of HNScc cells. 
Interestingly, a concomitant decrease in neovascularization and 
proliferation index within the tumor xenografts was observed 
upon hnRNP K knockdown. In cal-27 cells, hnRNP K knock-
down prevented tumor establishment. These observations may 
mainly be due to apoptosis induction, as demonstrated in vitro, 
combined with the abrogation of clonogenic survival upon 
hnRNP K knockdown in HNScc cells. Furthermore, an essen-
tial role of hnRNP K in tumor-related angiogenesis has been 
described (33). At the molecular level, hnRNP K-dependent 
translation of vascular endothelial growth factor mRNA was 
demonstrated in renal tubular epithelial cells (38,39). Thus, an 
impairment of tumor vascularization induced upon hnRNP K 
knockdown and a resulting lack of nutrients may explain the 
reduced proliferation index observed in HNScc xenografts.

Taken together, the findings of the present study demon-
strated that hnRNP K is overexpressed in HNScc compared 
with normal squamous epithelium, and that high levels of 
hnRNP K are statistically associated with male sex and 
advanced tumor stage. There were no differences in hnRNP K 
expression levels between HPV- and non-HPV-associated 
HNScc. IR led to quick upregulation and cytoplasmic 
redistribution of the hnRNP K protein, while hnRNP K 
knockdown enhanced IR-induced apoptosis and slowed down 
tumor growth in vitro and in vivo. This effect was independent 
of the HPV status of the cellular tumor model. Therefore, 
while hnRNP K appears to play a key role in tumorigenesis 
and evasion of apoptosis upon exposure to IR, the clinically 
observed radiosensitivity of HPV-associated HNScc appears 
to be independent of hnRNP K expression levels in these 
tumors.
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