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Radiation-Induced Dedifferentiation of Head and Neck Cancer 
Cells into Cancer Stem Cells Depends on HPV status
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Brower1, Clayton B. Hess3, and Frank Pajonk1,2

1Department of Radiation Oncology, David Geffen School of Medicine at UCLA, 10833 Le Conte 
Ave, Los Angeles, CA 90095, USA

2Jonsson Comprehensive Cancer Center at UCLA, 10833 Le Conte Ave, Los Angeles, CA 90095, 
USA

3Department of Radiation Oncology, University of California Davis, NCI-Designated 
Comprehensive Cancer Center, 4501X Street, Sacramento, CA 95817, USA

Abstract

Purpose—Human papilloma virus (HPV), HPV-16, is one of the most important prognostic 

factors for patients with head and neck squamous cell carcinomas (HNSCCs). HPV-positive 

HNSCCs have a favorable response to radiation therapy (RT) and superior overall survival (OS) 

compared to HPV-negative HNSCCs. However, an explanation for the mechanisms responsible for 

the inherent radiosensitivity of HPV-positive HNSCC remains elusive.

Methods and Materials—Records of a cohort of 162 HNSCC patients were reviewed and their 

outcomes were correlated with their HPV status. Using a panel of HPV-positive and HPV-negative 

HNSCC cell lines expressing a reporter for cancer stem cells (CSCs) we characterized HPV-

positive and HPV-negative lines via flow cytometry, sphereforming capacity assays in vitro, and 

limiting dilution assays in vivo. Non-CSCs were treated with different doses of radiation and the 

dedifferentiation of non-CSCs into CSCs was investigated via flow cytometry and qRT-PCR for 

re-expression of reprogramming factors.

Results—Patients with HPV-positive tumors have superior OS and local-regional control. HPV-

positive HNSCC cell lines have lower numbers of CSCs, which inversely correlates with 

radiosensitivity. HPV-negative HNSCC cell lines lack hierarchy due to enhanced spontaneous 

dedifferentiation. Non-CSCs from HPV-negative lines show enhanced radiation-induced 
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dedifferentiation compared to HPV-positive lines, and RT induced re-expression of Yamanaka 

reprogramming factors.

Conclusions—Supporting the favorable prognosis of HPV-positive HNSCCs, we show that 

HPV-positive HNSCCs have (1) a lower frequency of CSCs, (2) RT can dedifferentiate HNSCC 

cells into CSCs, and (3) radiation-induced dedifferentiation depends on the HPV status of the 

tumor.
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Introduction

Approximately 500,000 new cases of head and neck cancer, mostly HNSCC (1), are 

diagnosed annually and are treated with RT. Despite advances in the treatment of locally 

advanced HNSCC, survival rates remain largely unchanged over the past 30 years, with a 5-

year survival rate of less than 50% (2). Infection with HPV is the cause of some HNSCC, 

mostly in the oropharynx. HPV-positive HNSCCs have a far better prognosis and an 

improved response to RT, making HPV infection one of the most important, independent 

prognostic factors for HNSCC (3, 4)

Previous studies have identified E6/E7-dependent inactivation of p53 and Rb tumor 

suppressor proteins to be the underlying cause for oncogenic transformation (5, 6). However, 

studies replicating the clinical radiosensitivity of HPV-positive HNSCC experimentally are 

sparse and conflicting. Recent reports demonstrated, that HPV-positive HNSCC cell lines 

are more radiosensitive than HPV-negative cell lines (7, 8) but a clear mechanistic link 

between overexpression of HPV genes and increased radiosensitivity is still missing, thus 

indicating a complex role of HPV in HNSCC RT.

The CSC hypothesis postulates that most cancers are organized in a hierarchically, with 

CSCs at the apex of the hierarchy. First reported in leukemia (9), CSCs are now being 

identified and characterized in an increasing number of solid cancers (10), including 

HNSCC (11).

HNSCC cells with low proteasome activity also have CSC traits, and most importantly high 

numbers of cells with low proteasome subunit expression were inversely correlated with OS 

(12). Lack of proteasome activity has been shown to identify CSCs in a variety of solid 

tumors (13–18) and this feature of CSCs can be exploited in an imaging system for CSCs 

(19). Cells with low proteasome activity can be identified in cell lines expressing the C-

terminal degron of murine ODC (cODC) fused to a green fluorescent protein (ZsGreen-

cODC-positive). Cells with normal proteasome activity will express, but immediately 

degrade the fusion protein (ZsGreen-cODC-negative) (14). In HNSCC cells with low 

proteasome activity comprise a sub-population of ALDH1-positive cells (12).

It has been recently reported that in breast cancer, RT can convert non-CSCs into CSCs (20). 

Similar results have been reported for lymphoma (21) and hepatocellular carcinoma (22). 
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The underlying mechanisms included radiation-induced re-expression of the transcription 

factors Oct4, Sox2, Klf4 and Nanog, which are known for reprogramming somatic cells into 

induced pluripotent stem (iPS) cells (23).

Here, we test the hypothesis that the radiation response of CSCs in HPV-positive and HPV-

negative HNSCC differs and is not reflected in the radiation response of the bulk tumor 

populations, that RT can dedifferentiate non-stem HNSCC cells into CSC, and that 

radiation-induced dedifferentiation depends on the HPV status.

Materials and methods

Patients

Records of 164 of patients with locally-advanced oropharyngeal SCC treated between 2006–

2012 by primary chemoradiation (n=95) or primary surgery followed by adjuvant radiation 

(n=69) were reviewed. All patients had Karnofsky Performance Status (KPS) greater than 

70. 162 patients with available p16 status were stratified based on p16 expression.

Cell culture

Human HPV-negative UM-SCC4, UM-SCC-17B, FaDu and Cal33, and HPV-positive 

SCC-47 HNSCC cell lines were a gift from the Department of Hematology/Oncology at 

UCLA and have been previously described (24). SCC-90 was a kind gift from Sanford Ear, 

Nose, and Throat Clinic, San Diego. ZsGreen-cODC expressing cells were obtained and 

grown as described previously (25). For culture medium, please see Supplementary 

Materials and Methods.

Irradiation

Cells grown as monolayer or sphere cultures were irradiated at room temperature using an 

experimental X-ray irradiator (Gulmay Medical Inc. Atlanta, GA) (5.519 Gy/min; 250kV; 

4mm Be, a 3mm Al, and a 1.5mm Cu filter).

Flow Cytometry

ZsGreen-cODC expression was assessed by flow cytometry (MACSquant Analyzer, 

Miltenyi Biotech, CA; FloJo software package (vers. X.0.7, Tree Star Inc., OR). Cells were 

defined as "ZsGreen-cODC-positive" if the fluorescence in FL-1H exceeded the 

fluorescence level of 99.9% of the empty vector-transfected control cells.

Clonogenic Survival Assays

Clonogenic assays were performed immediately after irradiation and survival curves were 

fitted using a linear-quadratic model. For more experimental details please see 

Supplementary Materials and Methods.

Animals

Immune-compromised, six-week old NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG) mice, 

originally obtained from The Jackson Laboratories (Bar Harbor, ME) were re-derived, bred 

and maintained in a pathogen-free environment in the American Association of Laboratory 
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Animal Care-accredited Animal Facilities in accordance to all local and national guidelines 

for the care of animals.

Tumor xenotransplantation

ZsGreen-cODC-negative and ZsGreen-cODC-positive cells were sorted via high-speed 

FACS from monolayer cultures of Cal33 and Fadu. For in vivo limiting dilution assays, cells 

were injected subcutaneously into the thighs and shoulders of 6-week old female NSG mice 

(106, 105, 104, 103, or 102 cells per inoculum within Matrigel (BD Biosciences)). Tumor 

growth was assessed weekly.

Statistics

Differences in the prevalence of diabetes mellitus, chronic obstructive pulmonary disease 

(COPD), anxiety disorder, major depressive disorder, alcohol, tobacco, and marijuana use 

between the 2 cohorts at cancer diagnosis were compared using either univariate or 

multivariate analyses. Average pack year smoking history, was analyzed using unpaired, 

two-tailed t-tests. Kaplan-Meier plots with two-tailed, Log-rank (Mantel- Cox) analysis were 

used for survival analysis, time to recurrence and distant metastases.

All experimental results are expressed as mean values ± SE of at least 3 biologically 

independent experiments (see Supplementary Materials and Methods). For the in vivo 
tumorigenicity experiments, p-values comparing the CSC frequency in the ZsGreen-cODC-

positive versus ZsGreen-cDOC-negative populations were calculated using the Extreme 

Limiting Dilution Analysis (ELDA) software (26). All other statistical analyses were 

performed in GraphPad Prism 5.0. P-values of ≤ 0.05 were considered to indicate 

statistically significant differences.

Results

Patients with HPV-positive HNSCC have superior OS and local control

Several independent studies have reported improved OS of HPV-positive HNSCC patients 

(3, 4). In agreement with these studies, the two-year OS in our patient cohort was 

significantly higher in patients with HPV-positive tumors compared to HPV–negative (86 vs. 

71% p=0.04) (Figure 1A). In search for other factors that could explain the favorable 

outcome of HPV-positive HNSCC patients we also analyzed the rate of loco-regional 

recurrence (LRR) and metastasis in these patients. In a multivariate analysis, only the p16 

status reached statistical significance (Supplementary Table 1–3). However, in agreement 

with previous studies (3), we observed a significant higher rate of LRR in the HPV-negative 

cohort (30 vs. 4%, p<0.0001) (Figure 1B). Patients with HPV-negative tumors showed trends 

towards increased distant metastases (17.6 vs. 10.8%, p=0.8617) (Supplementary Figure 1), 

second malignancies, and need for salvage RT (Supplementary Table 3), suggesting that 

inferior outcome of patients with HPV-negative HNSCCs results from inferior local control 

after RT.
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HPV-positive tumors have a lower frequency of CSCs

Since HPV-positive patients have a significantly lower rate of local-regional recurrence (30 

vs. 4%, p<0.0001, Figure 1B), we hypothesized that HPV-positive tumors have fewer 

intrinsic radioresistant CSCs, as well as a lower radiation-induced dedifferentiation rate (20).

It was previously reported that HPV/p16-negative (HPV-negative) HNSCC cell lines contain 

a subpopulation of cells with low proteasome activity and that the presence of this 

population of cells is inversely correlated with OS of HNSCC patients (12). Therefore, we 

sought to determine whether differences in the frequency of CSCs might explain the 

different clinical outcome (Figure 1A–B). We characterized the frequency of cells with low 

proteasome activity in four HPV-negative (Cal33, Fadu, SCC4 and SCC17B) and two HPV-

positive cell lines (SCC47 and SCC90). In agreement with the literature, HPV-negative 

HNSCC cell lines contained varying percentages of ZsGreen-cODC-pos cells (Figure 2A–

B). We further confirmed that the ZsGreen-cODC-pos subpopulation of cells has higher 

sphere-forming capacity compared to the ZsGreen-cODC-neg cells (Figure 2C–D, 

Supplementary Figure 3). ZsGreen-cODC-pos cells from SCC4, SCC17B and Cal33 showed 

enhanced sphere-forming capacity in primary spheres (Figure 2C), and at least for SCC4, 

this was maintained in secondary spheres (Figure 2D). However, when the percentage of 

ZsGreen-cODC-pos cells in two HPV-positive HNSCC lines was compared to the HPV-

negative lines, the HPV-positive lines contained a significantly lower (p<0.0001) percentage 

of ZsGreen-cODC-pos CSCs (Figure 3A). In addition, and in agreement with previous 

reports (8, 27), HPV-positive cells were significantly more radiosensitive compared to HPV-

negative cells (Figure 3B), and had significantly lower plating efficiencies (Figure 3C), 

which likely reflects the lower numbers of intrinsic CSCs in HPV-positive lines. 

Consistently, the percentage of ZsGreen-cODC-pos CSCs correlated with the plating 

efficiency (Figure 3D, top panel) and the surviving fraction at 2Gy (Figure 3D, bottom 

panel).

Spontaneous dedifferentiation accounts for lack of hierarchy in HPV-negative HNSCC lines

Previous reports demonstrated the use of the ZsGreen-cODC protein-reporter in identifying 

cells with increased in vivo tumorigenicity in breast and glioma cells (14, 28). We 

investigated whether the ZsGreen-cODC-neg and ZsGreen-cODC-pos cells sorted from two 

different HPV-negative HNSCC lines (Cal33 and Fadu) differed in their tumorigenicity in an 

in vivo limiting dilution assay. In the Cal33 cell line the frequency of CSCs was only 

enriched 3-fold in the ZsGreen-cODC-pos population (1 CSC/8,880; 95% CI: 2,816–28,005) 

compared to the ZsGreen-cODC-neg population (1 CSC/29,382; 95% CI: 9,254–93,299) 

(Figure 4A). We did not observe differences in the percentage of tumor formation between 

ZsGreen-cODC-neg and ZsGreen-cODC-pos Fadu cells (Figure 4B), although tumors 

derived from ZsGreen-cODC-pos cells were significantly larger (p<0.0001) at 5-weeks post 

implantation (Figure 4B, green vs. blue symbols). Most strikingly, we obtained 100% 

tumorigenicity with only 100 Fadu cells, regardless of their source (Figure 4B), thus 

indicating a very high frequency of CSC in HPV-negative HNSCC, comparable to advanced 

stage melanoma (29). However, neither our functional in vitro data, nor published literature 

(11, 30, 31) supports such high CSC frequencies. Therefore, we next tested if loss of 
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hierarchy in HPV-negative HNSCC tumors in vivo resulted from a high rate of 

dedifferentiation of non-CSCs into CSCs.

We first investigated whether HPV-negative HNSCC cell lines have a high rate of 

spontaneous dedifferentiation. ZsGreen-cODC-neg cells from all six HNSCC lines were 

subjected to high-speed FACS and ZsGreen-cODC-pos CSCs were purged. Spontaneous 

dedifferentiation of non-CSCs (ZsGreen-cODC-neg) into ZsGreen-cODC-pos CSCs was 

observed in HPV-negative and HPV-positive lines (Figure 4C). However, HPV-negative lines 

spontaneously dedifferentiated more efficiently than HPV-positive lines (p<0.001, Figure 

4C). The percentage of spontaneously dedifferentiated ZsGreen-cODC-pos CSCs correlated 

with the percentage of intrinsically occurring ZsGreen-cODC-pos CSCs for the HNSCC 

lines analyzed (Figure 4D). These results suggested that after removal of the ZsGreen-

cODC-pos CSCs from HNSCC cultures the CSC pool is restored through spontaneous 

dedifferentiation and contributing to the lack of hierarchy found in in vivo limiting dilution 

assays in the HPV-negative lines (Figure 4A–B).

HPV-negative HNSCC cells show enhanced radiation-induced dedifferentiation

In order to investigate if irradiation can dedifferentiate ZsGreen-cODC-neg HNSCC cells 

into ZsGreen-cODC-pos CSCs, we sorted ZsGreen-cODC-negative cells from all six 

HNSCC lines by FACS. After irradiating ZsGreen-cODC-neg cells, we analyzed the 

percentage of ZsGreen-cODC-pos CSCs after 5 days in culture (Supplementary Figure 2A). 

Irradiation dose-dependently dedifferentiated ZsGreen-cODC-neg cells from all HPV-

negative HNSCC lines into ZsGreen-cODC-pos CSCs cells (Figure 5A and Supplementary 

Figure 2B). When HPV-negative lines were compared with the HPV-positive lines for their 

ability to dedifferentiate after RT, HPV-negative lines showed higher radiation-induced 

dedifferentiation (Figure 5A). Irradiation of ZsGreen-cODC-neg cells with 5 daily doses of 

2Gy was less effective in inducing dedifferentiation than a single dose of 8Gy (Figure 5A, 

stripped bars). In order to confirm that irradiation induced a functional CSC phenotype, we 

performed sphere-forming capacity assays. A single treatment of 8Gy significantly increased 

the percentage of cells capable of forming spheres in Cal33 and SCC17B cells (Figure 5B).

Radiation-induced HPV-negative HNSCC stem cells re-express reprogramming factors

It was previously reported that in breast cancer, radiation-induced dedifferentiation is 

accompanied by the re-expression of Yamanaka reprogramming factors (20), Oct4, Sox2, 

their downstream target, Nanog, as well as c-Myc and Klf4.

To elucidate the mechanism of irradiation-induced reprogramming of HNSCC non-stem 

cells into CSCs, we first tested whether irradiation of the bulk population of cells from 

SCC47, SCC17B and Fadu affects the expression levels of these reprogramming factors. We 

did not observe any significant differences in expression levels of these factors after 

radiation with 4Gy (Supplementary Figure 4A–B). We next investigated whether the specific 

radiation-induced sub-population of CSCs is re-expressing these reprogramming factors 

after radiation treatment. ZsGreen-cODC-neg cells were first sorted, plated, irradiated with 

either 0Gy or 8Gy, and 5 days later the ZsGreen-cODC-neg and the induced ZsGreen-

cODC-pos populations (from both the 0Gy and 8Gy samples) were re-sorted and analyzed 
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for expression levels of the reprogramming factors. The two HPV-neg lines that reprogram 

most efficiently, Fadu and Cal33, were chosen in order to obtain a sufficient number of 

induced ZsGreen-cODC-pos cells to isolate high quality mRNA. 8Gy-induced ZsGreen-

cODC-pos cells induced by 8Gy upregulated gene expression of all five reprogramming 

factors (Figure 5C and D, striped bars), and for some of the genes this radiation-induced re-

expression is enhanced in the Cal33 line, in agreement with the more efficient radiation-

induced reprogramming observed in this line (Figure 5A). In spontaneously dedifferentiated 

Cal33 cells these reprogramming factors were also upregulated and irradiation significantly 

enhanced this re-expression (Figure 5D). These data suggest that radiation-induced 

dedifferentiation of non-stem HNSCC cells into CSCs correlates with re-expression of 

reprogramming factors, which have been shown to play an important role in reprogramming 

of induced pluripotent stem cells (iPS) (23).

Discussion

Previous studies have established clinical and tumorbiological differences between HPV-

negative and HPV-positive HNSCCs (32). Adding to this list of inherent differences we 

show here differences in the frequency and plasticity of CSC.

The search for reliable HNSCC CSC markers is ongoing and CSC enrichment has been 

reported for CD44-positive (31), ALDH1-positive (33) and CD24+/CD44+ subpopulations. 

Additionally, HNSCC cells with low proteasome activity also have CSC properties and are a 

subpopulation of ALDH1-expressing HNSCC cells (12). An imaging system for real-time 

identification and tracking of cells with low proteasome activity has been validated by a 

number of groups, different solid cancers (13–18, 34) and it was used to demonstrate that RT 

can reprogram non-CSCs into CSCs (20).

We have used this system to investigate whether differences exist in the CSC pool, and 

whether these differences could explain the favorable prognosis of HPV-positive patients. 

We hypothesized that HPV-positive HNSCC cells that survive RT dedifferentiate into CSCs 

at low rates, thus explaning the low rate of local recurrences (Figure 1B). We report HPV-

dependent, inherent differences in the frequency of intrinsic HNSCC CSCs (Figure 3A), and 

in the efficiency of RT to induce CSCs (Figure 5A). The significantly lower frequency of 

CSCs in the HPV-positive lines may explain in part the differences in OS (Figure 1A).

Our findings are in disagreement with a recent report by Zhang et al. showing that HPV-

positive HNSCC cells have a greater intrinsic ALDH1+ CSC pool compared to HPV-

negative HNSCC (35). While these studies appear contradictory, it is worth noting that 

ZsGreen-cODC-pos HNSCC CSCs are a sub-population of ALDH1-expressing HNSCC 

cells (12). The same study showed that ALDH-1 did not predict for OS of either HPV-

positive or HPV-negative HNSCC patients (35), while low proteasome subunit expression as 

a marker for CSCs readily predicted for OS in HNSCC (12).

One of the most surprising findings was the lack of hierarchy in the HPV-negative line, 

Fadu, and a modest enrichment for CSCs in the ZsGreen-cODC-positive population isolated 

from the Cal33 line (Figure 4A). Strikingly, we obtained 100% tumor formation from 100 
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sorted ZsGreen-cODC-pos and ZsGreen-cODC-neg Fadu cells (Figure 4B), suggesting that 

the observed lack of hierarchy in Cal33 and Fadu was related to high rates of spontaneous 

dedifferentiation. This was supported by a significant degree of spontaneous 

dedifferentiation of ZsGreen-cODC-neg cells in HPV-negative lines (Figure 4C), 

reminiscent of their percentage of intrinsic ZsGreen-cODC-pos cells (Figure 4D). This 

scenario was re-enforced in experiments investigating radiation-induced dedifferentiation in 

the HPV-negative and HPV-positive lines. ZsGreen-cODC-neg cells derived from HPV-

negative HNSCC lines efficiently dedifferentiate into ZsGreen-cODC-pos cells in a dose 

dependent manner 5 days after RT. In contrast, the dedifferentiation efficiency of HPV-

positive HNSCC cells was significantly lower (Figure 5A). Importantly, we observed that 

radiation-induced dedifferentiation of HNSCC lines correlated with re-expression of 

reprogramming factors, Oct4, Sox2, and their downstream target, Nanog. Other 

reprogramming factors, c-Myc and Klf4 were also upregulated after a single dose of 8Gy.

Conclusions

Our study provides a potential link between the inherent frequency of CSCs in the two main 

subtypes of HNSCC (HPV-16-negative and HPV-16-positive) and their response to RT. The 

reasons behind the observed differences in the CSC pool of HPV-negative tumors versus 

HPV-positive tumors remain elusive and warrant further investigation. Importantly, these 

studies suggest that HPV-16 status of HNSCC confers a different degree of CSC plasticity, 

especially in the context of RT. The finding that HPV-negative tumors have a high degree of 

plasticity and that RT may contribute to tumor recurrence in HPV-negative HNSCC could 

have major implications for the way these tumors are treated clinically.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Our studies provide another layer of scientific evidence that offers an alternative 

explanation for the improved long-term outcome of HPV-positive HNSCC patients: lower 

frequency of intrinsic CSCs, and an impaired ability to dedifferentiate into HNSCC stem 

cells after radiation therapy. Thus, preventing spontaneous and radiation-induced 

dedifferentiation events from occurring could potentially result in significantly improved 

loco-regional control for these patients.
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Figure 1. Patients with HPV-positive HNSCC tumors have superior OS and local control
Kaplan-Meier estimates for OS (A) and locoregional control (B) for patients with HPV-

positive (blue) or HPV-negative (red) HNSCC. 162 patients with locally advanced 

oropharyngeal HNSCC treated with primary chemoradiation or primary surgery followed by 

adjuvant radiation were followed to assess OS and time to local-regional recurrence. The 

patients were grouped based on p-16 positivity or -negativity.
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Figure 2. Cells with low 26S proteasome activity in HNSCC lines have increased self-renewal
(A–B) Different cell lines of HNSCC contain a variable percentage of cells with low 

proteasome activity. Cells with low (ZsGreen-cODC-pos) and high (ZsGreen-cODC-neg) 

proteasome activity from three different HNSCC lines were sorted and the sphere forming 

capacity for these two populations was compared via primary (C) and secondary (D) sphere-

forming assays. ZsGreen-cODC-pos cells had a significantly higher self-renewal capacity.
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Figure 3. HPV-positive HNSCC lines have lower numbers of CSCs
(A) The frequency of ZsGreen-cODC-positive CSCs in the HPV-positive HNSCC lines is 

significantly lower compared to the HPV-negative lines (p<0.0001, unpaired t-test with 

Welch’s correction). (B) HPV-positive lines are significantly more radiosensitive compared 

to the HPV-negative lines at 2, 4, and 6Gy (statistical test for side panels: two-way ANOVA). 

(C) HPV-negative lines have an enhanced plating efficiency compared to the HPV-positive 

lines (p=0.0004, upaired t-test with Welch’s correction). (D) The frequency of intrinsic 
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CSCs in HPV-positive and HPV-negative lines correlated well with their plating efficiency 

(top panel, r2=0.85), and surviving fraction at 2Gy (bottom panel, r2=0.68)
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Figure 4. HPV-negative HNSCC cell lines lack cellular hierarchy due to enhanced spontaneous 
dedifferentiation
ZsGreen-cODC-positive and ZsGreen-cODC-negative cell populations from two different 

HPV-negative cell lines, Cal33 (A) and Fadu (B) were sorted and an in vivo limiting dilution 

assay was performed. ZsGreen-cODC-positive cells from Cal33 (A) were enriched ~3-fold 

in tumorigenic cells, while no enrichment was observed in the Fadu (B) line. The size of the 

tumors arising from the ZsGreen-cODC population Fadu cells were significantly larger at 5 

weeks after innoculation (B, tumor sizes compared via two-way ANOVA). (C) ZsGreen-

cODC-negative cells derived from HPV-negative lines spontaneously dedifferentiate into 

ZsGreen-cODC-positive cells at a significantly higher efficiency (p<0.0001, upaired t-test, 

with Welch’s correction) and the dedifferentiating rate correlates with the frequency of 

intrinsic stem cell numbers (D).
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Figure 5. Non-CSCs from HPV-negative lines show enhanced radiation-induced dedifferentiation
ZsGreen-cODC-negative cells were sorted from four different HPV-negative HNSCC lines 

(A, left panel), and two HPV-positive lines (A, right panel), plated and irradiated. Radiation 

induced a significant (unpaired two-sided Student’s t-test) dose-dependent dedifferentiation 

of ZsGreen-cODC-negative cells into ZsGreen-cODC-positive cells in the HPV-negative 

lines (A, left panel). In contrast, the HPV-positive lines (A, right panel) dedifferentiated 

much less efficiently. (B) The self-renewal capacity of radiation-induced dedifferentiated 

cells after a single dose of 8Gy was compared to the non-irradiated cells in two different 

HPV-negative lines. (C and D) ZsGreen-cODC-neg cells were sorted, plated and irradiated 

with 0Gy or 8Gy. 5 days later the ZsGreen-cODC-neg and the induced ZsGreen-cODC-pos 

cells were re-sorted and qRT-PCR was performed for the Yamanaka reprogramming factors 

in both populations, in two HPV-neg lines, Fadu (C) and Cal33 (D).
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