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Simple Summary: Both IAP and WEE1 inhibitors have demonstrated therapeutic efficacy in in vitro 

pre-clinical models of head and neck squamous cell carcinoma (HNSCC). Here, we demonstrate 

that dual treatment with IAP and WEE1 inhibitors sensitizes both HPV-negative and HPV-positive 

HNSCC cells to both TNFα-dependent and radiation-associated cell death, demonstrating a poten-

tial therapeutic combination to treat these cancers. 

Abstract: Head and neck squamous cell carcinoma (HNSCC) remains a prevalent diagnosis with 

current treatment options that include radiotherapy and immune-mediated therapies, in which tu-

mor necrosis factor-α (TNFα) is a key mediator of cytotoxicity. However, HNSCC and other cancers 

often display TNFα resistance due to activation of the canonical IKK–NFκB/RELA pathway, which 

is activated by, and induces expression of, cellular inhibitors of apoptosis proteins (cIAPs). Our 

previous studies have demonstrated that the IAP inhibitor birinapant sensitized HNSCC to TNFα-

dependent cell death in vitro and radiotherapy in vivo. Furthermore, we recently demonstrated that 

the inhibition of the G2/M checkpoint kinase WEE1 also sensitized HNSCC cells to TNFα-depend-

ent cell death, due to the inhibition of the pro-survival IKK-NFκB/RELA complex. Given these ob-

servations, we hypothesized that dual-antagonist therapy targeting both IAP and WEE1 proteins 

may have the potential to synergistically sensitize HNSCC to TNFα-dependent cell death. Using 

the IAP inhibitor birinapant and the WEE1 inhibitor AZD1775, we show that combination treatment 

reduced cell viability, proliferation and survival when compared with individual treatment. Fur-

thermore, combination treatment enhanced the sensitivity of HNSCC cells to TNFα-induced cyto-

toxicity via the induction of apoptosis and DNA damage. Additionally, birinapant and AZD1775 

combination treatment decreased cell proliferation and survival in combination with radiotherapy, 

a critical source of TNFα. These results support further investigation of IAP and WEE1 inhibitor 

combinations in preclinical and clinical studies in HNSCC. 
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1. Introduction 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer, 

with over 600,000 new cases worldwide [1]. Prognosis varies significantly with cancer site, 
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stage, and human papillomavirus (HPV) status [2], with the unadjusted five-year survival 

rate ranging between 28.8% and 58.7% for HPV-negative and 52.2% and 77.6% for HPV-

positive HNSCC, depending on the tumor subsite [3]. Currently, limited treatment op-

tions for recurrent, metastatic HNSCC exist. New treatment options that sensitize HPV-

negative HNSCC to radio- or chemoradiotherapy are especially needed to improve 

chances of survival. In comparison, HPV-positive HNSCC tends to affect a younger pop-

ulation and responds more favorably to radiotherapy, with novel treatment regimens 

aimed at de-escalating treatment-associated toxicities [4]. 

TNFα is a cytokine that is secreted by leukocytes, stromal, and cancer cells into the 

tumor microenvironment and may be induced by both immune and radiation therapies 

[5,6]. In turn, TNFα can promote apoptotic or necroptotic cell death through a variety of 

mechanisms. These include the extrinsic TNFα-receptor and Fas-associated death domain 

(TNFR-FADD) apoptosis or necroptosis pathways, an intrinsic pathway involving mito-

chondrial-initiated caspase activation, or via the induction of Janus Kinase (JNK) and re-

active oxygen species (ROS), which can induce DNA damage [7]. These anti-cancer effects 

of TNFα may be inhibited by cellular inhibitor of apoptosis proteins (cIAPs), that can in-

hibit cell death pathway components, as well as promote the activation of transcription 

factor Nuclear Factor-kappaB (NFκB), that can further induce the expression of IAPs and 

other pro-survival proteins. Specifically, following TNFR activation, cIAP-mediated ubiq-

uitination of RIP1 can promote the recruitment of the canonical inhibitor of nuclear factor-

κB (IκB) kinase (IKK) complex and downstream NFκB/RELA (also known as p65)-de-

pendent transcription of Baculoviral IAP repeat-containing protein (BIRC) 2/3 encoding 

IAP1/2 and BCL2 genes that inhibit caspase and mitochondrial mediated cell death path-

ways [8–10]. HNSCC frequently harbors genomic alterations in components of the TNFα-

FADD cell death pathways and BIRC genes encoding cIAPs, enabling the evasion of 

TNFα-induced cytotoxicity [11,12]. cIAP inhibition has also been reported to inhibit RIP1 

polyubiquitination and canonical IKK-NFκB/RELA prosurvival signaling, while promot-

ing the stabilization of NFκB-inducing kinase (NIK) and non-canonical NFκB2/RELB tran-

scription of TNFα [13,14], but these effects have not been demonstrated in HNSCC. 

Birinapant, a second mitochondria-derived activator of caspase (SMAC) mimetic, is 

a validated small molecule inhibitor of cIAP1, an important inhibitor of caspase-mediated 

apoptotic and necroptotic cell death [15]. Our lab has shown that birinapant is effective in 

sensitizing HPV-negative HNSCC to TNFα in vitro, and radiation-induced cytotoxicity in 

vivo, especially those that harbor FADD/BIRC2 amplifications [16]. cIAP antagonist 

ASTX660 (also known as tolinapant) showed similar effects in HPV-negative as well as 

HPV-positive HNSCC, with increased levels of cell death occurring through apoptotic 

and necroptotic pathways [17–19]. Recently, another IAP inhibitor, Debio 1143 (xevina-

pant), demonstrated significant improvements in overall survival, progression-free sur-

vival, and the locoregional control rate at 18 months when combined with chemoradio-

therapy in a phase II clinical trial for local regionally advanced HPV-negative HNSCC 

[20]. Following these promising results, Debio 1143 was granted breakthrough therapy 

designation from the FDA and an international phase III clinical trial, TrilynX, investigat-

ing Debio 1143 in combination with chemoradiotherapy remains underway [21–24]. 

WEE1 cell cycle inhibitors are another class of novel small molecule therapeutic in-

hibitors, that are important regulators of the DNA damage response [25]. WEE1 kinase is 

a G2/M cell cycle checkpoint protein that enables DNA damage repair prior to mitotic 

entry. Rapidly proliferating cancer cells exhibit genetic instability and amass cumulative 

DNA damage that requires WEE1 and an intact checkpoint for adequate repair. WEE1 

inhibitors can promote cell death of genomically unstable cancers as individual agents, 

and also have the potential to synergize with radiotherapy and other DNA-damaging 

chemotherapies by limiting S/G2/M phase checkpoint repair, enhancing chromosomal 

damage and mitotic catastrophe [26]. AZD1775 (also known as adavosertib) represents a 

potent WEE1 inhibitor under investigation in a variety of cancer types in combination 

with chemoradiotherapy [27–29]. 
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We recently described a novel interaction between WEE1 and the TNFα-IKK-NFκB 

prosurvival pathway that provides a possible rationale for combination therapy of WEE1 

with cIAP inhibitors to enhance TNFα-induced cell death [30]. In particular, TNFα activa-

tion of the IKKa/b complex enhances activation of WEE1 and CDC2, to promote G2/M 

pause while enhancing TNFα-NFκB prosurvival signaling. Conversely, inhibiting WEE1 en-

hances DNA damage and decreases downstream pro-survival NFκB signaling and expression 

of BCL2, favoring cell death. Individual agents, both AZD1775 and birinapant have shown 

favorable results when combined with TNFα and radiotherapy in preclinical murine studies 

[16,30]. Here, we explore the anticancer effects of combination treatment with WEE1 and cIAP 

inhibitors with TNFα and radiotherapy, and characterize associated changes in cell death and 

DNA damage to gain mechanistic insights into the observed effects. 

2. Materials and Methods 

2.1. Therapeutic Reagents 

AZD1775 (adavosertib), birinapant (TL32711), and ASTX660 (tolinapant) were pur-

chased from MedChemExpress at a stock concentration of 10 mM dissolved in dimethyl 

sulfoxide (DMSO). Tumor necrosis factor α with carrier (TNFα) was purchased from Bio-

techne R&D Systems and dissolved in 1% Bovine Serum Albumin in PBS at a stock con-

centration of 40 μg/mL. 

2.2. HNSCC Cell Lines 

A panel of genotype validated and sequenced HPV positive and negative HNSCC 

cell lines were obtained from Dr. T.E. Carey from the University of Michigan [31]. One 

additional HPV-positive cell line (UPCI:SCC090) was obtained from Dr. Susanne M. Gol-

lin from the University of Pittsburgh. HPV-negative cell lines were cultured in minimal 

essential medium (MEM) supplemented with 10% fetal calf serum, penicillin and strepto-

mycin (100 μg/mL), and L-glutamine. HPV-positive cell lines were cultured in Dulbecco’s 

minimal essential medium (DMEM) with the same additives. All cancer cell lines were cul-

tured for no more than 20 passages. Human primary oral keratinocytes (HOK) from oral gin-

gival mucosa were purchased from Science Cell Research laboratories and used as a control 

cell line and cultured in serum-free oral keratinocyte medium with supplements (Science Cell) 

for fewer than 6 passages. Cells were incubated at 37 °C with 5% CO2 under humidified con-

ditions and preserved in freezing media containing DMSO for long-term storage. 

One additional TP53 knockout (KO) UMSCC74A cell line was generated using 

CRISPR-Cas9. CRISPER-CAS9 based UMSCC74_P53KO cell pool was generated by 

Synthego using the guide RNA 5′ CCAUUGCUUGGGACGGCAAG 3′. The knockout ef-

ficiency (96% INDEL efficiency) of the Crisper edited pool was determined by the se-

quencing of genomic DNA using the primers forward 5′CAGGCATT-

GAAGTCTCATGGAAG3′ and reverse 5′ ACCTATGGAAACTGTGAGTGGATC3′. 

2.3. siRNA Depletion 

UMSCC-1 or UMSCC-47 cells were plated 2 × 105/well on 6-well plate and transfected 

overnight with siRNA targeting WEE1 (si21 and si23; Thermo Fisher Scientific, 

Cat#4392420) or negative control siRNA (Dharmacon, Cat#D-001810-0X) at a final concen-

tration of 10 nM using Lipofectamine RNAiMax (Life Technologies, Cat#13778150) in 

MEM media containing no antibiotics. The medium was changed to the normal culture 

media the following morning and experimental therapeutics added 8 h later. 
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2.4. Western Blot 

Following drug treatments or siRNA transfection, cells were washed with 1X PBS, and 

disadhered with 0.25% trypsin prior to lysis in SDS-lysis buffer (50 mM Tris pH 8.0, 100 mM 

NaCl, 1% SDS, and 10 mM EDTA) and protease and phosphatase inhibitor cocktail (HALT 

protease and phosphatase inhibitor cocktail, Thermo Scientific, Waltham, MA, USA). The 

Pierce BCA Protein Assay Kit (Thermo Scientific) was used to quantify the protein concentra-

tion of each sample. Lysates were run on NuPAGE 4–12% gradient Bis-Tris gels (Invitrogen) 

and transferred to nitrocellulose membranes using the Invitrogen iBlot 2 system, according to 

the manufacturer’s standard protocol. After blocking for 1 h in Odyssey blocking buffer (Li-

COR Biosciences, Lincoln, NE, USA), membranes were incubated with the primary antibodies 

overnight at 4 °C. After washing in TBS buffer with added Tween, membranes were incubated 

with species-specific IR dye-conjugated secondary antibodies for 1 h at room temperature. The 

signal was visualized using LI-COR ODYSSEY CLx Infrared Imaging System (Li-COR Biosci-

ences). The following antibodies were used at 1:1000 dilution in Odyssey antibody diluent (Li-

COR Biosciences, Lincoln, NE, USA) unless otherwise stated: WEE1 (1:500; sc-5285, Santa 

Cruz Biotechnology (SCBT)), pCDC2 (Y15; 8242, Cell Signaling Technology (CST)), CDC2 

(9116, CST), pIKKα/β (S176/S177—1:500; 2078, CST), IKKα (11930, CST), IKKβ (8943, CST), 

pRELA (S536; 3033, CST), RELA (3039, CST), BCL2 (15071, CST), PARP (9532, CST), Cleaved 

Caspase 3 (N175—1:500; 9664, CST), Caspase 3 (14220, CST), γ-H2AX (9718, CST), phospho-

Histone H3 (S10; 53348, CST), Histone H3 (4499, CST), β-actin (1:2000, ab8226, Abcam). 

2.5. Real-Time Impedance Assay 

Cells were plated at 5000 cells per well on a 96-well E-plate (ACEA Biosciences, San 

Diego, CA, USA). After overnight adherence, cells were cultured with the indicated ex-

perimental therapeutic with or without TNFα. Changes in cell density by impedance were 

acquired using the xCELLigence Real-Time Cell Analysis (RTCA) platform according to 

the manufacturer’s protocol (ACEA Biosciences). Measured electrical impedance is trans-

lated as a dimensionless parameter, the Cell Index (CI), which was normalized to the 0.01% 

DMSO control. A blank reading prior to the addition of cells is taken to zero the system. 

Higher CI values are associated with increased cell density that increases resistance to electri-

cal currents. All impedance assay conditions were performed with six replicates. 

2.6. Colony Formation Assays 

Cells were treated with the drugs indicated at the concentrations indicated. 0.01% 

DMSO-treated cells were used as a control. At 24 h post-treatment, cells were trypsinised 

and reseeded in 6-well plates at 500 cells per well and left to form colonies for 10–14 days. 

Colonies were then stained (1% crystal violet, 25% methanol) and were counted manually. 

Each condition was performed in triplicate. Images of the wells were obtained using EVOS 

brightfield scanning. 

2.7. Cell Cycle Analysis 

Cells were plated in 6-well dishes at 150,000 cells/well and treated with the indicated 

drugs the following day. As a control, 0.01% DMSO-treated cells were used. At the indi-

cated time point, the supernatant and trypsinized cells were collected by centrifugation 

and processed by following the protocol provided by Cycletest Plus DNA Reagent Kit 

(BD Biosciences, San Jose, CA, USA) prior to analyzing on a FACS Fortessa flow cytometer 

(BD Biosciences). Each condition was performed in triplicate and data from 10,000 cells 

per sample were analyzed using Flow-Jo analysis software (Tree Star). 

2.8. Flow Cytometry Analysis 

Cells were plated in 6-well dishes at 150,000 cells/well and treated with the indicated 

drugs the following day. As a control, 0.01% DMSO-treated cells were used. At the indi-

cated time point, the supernatant and trypsinized cells were collected by centrifugation 
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and fixed in 4% paraformaldehyde at RT for 15 min. Cells were then washed in PBS and 

permeabilized in 90% methanol. Before the addition of antibodies, cells were blocked in 

5% BSA in PBS with 0.1% Triton X-100. Cells we then incubated with a PE conjugated γ-

H2AX antibody (1:100; 5763, CST) prior to analyzing on a FACS Fortessa flow cytometer 

(BD Biosciences). Each condition was performed in triplicate and data from 10,000 cells 

per sample were analyzed using Flow-Jo analysis software (Tree Star). 

2.9. Annexin V Assay 

Cells were plated in 6-well dishes at 150,000 cells/well and treated with the indicated 

drugs the following day. As a control, 0.01% DMSO-treated cells were used. At the indi-

cated time point, the supernatant and trypsinized cells were collected by centrifugation. 

For HPV-negative samples, Annexin V apoptosis assay (TACS Annexin V kit; 4830-250-

K) was performed as indicated on the product datasheet. For HPV-positive cell lines, cells 

were washed in PBS and were then incubated with an Alexa Fluor® 488 conjugated phos-

phatidylserine (PS) antibody (1:100; 16–256, Sigma-Aldrich). Cells were then stained with 

propidium iodide (PI) for 30 min and then fixed in 4% paraformaldehyde for 15 min. Cells 

were then analyzed on a FACS Fortessa flow cytometer (BD Biosciences). Each condition 

was performed in triplicate, and data from 10,000 cells per sample were analyzed using 

Flow-Jo analysis software (Tree Star). Early apoptotic cells were defined as Annexin pos-

itive/PI negative and late apoptotic cells was defined as Annexin-positive/PI-positive. 

2.10. XTT Viability and Cell Death Assay 

Cells were plated in the inner 60 wells of 96-well plates at 5000 cells per well. The 

next day, cells were treated with the indicated experimental therapeutic at the concentra-

tion indicated. After 72 h, XTT reagent was added per the manufacturer’s instructions and 

plates were read at 450 nm on a plate reader. Experimental background readings taken at 

660 nm were subtracted from experimental readings and then normalized to DMSO con-

trol readings. For cell death analysis, 1X EmbryoMax nucleosides (Millipore Sigma, Bur-

lington, MA, USA), 20 μM ZVAD (BD Biosciences), and/or 20 μM necrostatin (BD Biosci-

ences) were added at the same time as the experimental drugs. 

2.11. In Vitro Radiation 

Cells were exposed to experimental drugs for 1 h prior to single-dose 4 Gy radiation 

for UMSCC-47 cells and 6 Gy radiation for UMSCC-1 cells. For the DNA damage time 

course study, cells were pretreated with experimental drugs for 24 h. 

Cells were irradiated with separate XRAD320 X-ray irradiators (Precision X-ray, Inc., 

North Branford, CT, USA) housed in the Radiation Biology Branch of the National Cancer 

Institute. For all experiments, ionizing radiation was delivered at a dose rate of ~2.42 

Gy/min with 300 kV X-rays at a distance of ~50 cm from the radiation source. 

2.12. NFκB Reporter Analysis 

The stable reporter line, UMSCC-1κB, established by transfecting UMSCC-1 cells with 

a pLenti-based vector containing 6 repeated κB-binding sites upstream of a b-lactamase re-

porter gene (pLenti-bsd-NFκB-bla; created using pLenti6/V5-DEST Gateway vector 

(V49610; Life Technologies, Carlsbad, CA, USA), a NFκB response element sequence, and a 

blasticidin resistance gene for selection [30]. The β-lactamase reporter enzyme can cleave a 

fluorescent FRET substrate (LiveBLAzer FRET-B/G Loading Kit with CCF4-AM; Life Tech-

nologies, cat. #K1095), which disrupts FRET and results in blue fluorescence. The blue:green 

fluorescence ratio thus indicates the activity of the NFκB reporter: cell viability. 

2.13. qRT-PCR Analysis 

Cells were treated as indicated in the figure legends. Total RNA was isolated using 

Trizol and RNeasy Mini Kit (Qiagen, Hilden, Germany) combined method per 
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manufacturer’s protocol. cDNAs were synthesized using the High-Capacity cDNA Re-

verse Transcription Kit (Life Technologies) and qRT-PCR was performed on a QuantStu-

dio 6 Flex Real-Time PCR system (Applied biosystems/Thermo Fisher Scientific). Prede-

signed Taqman primer/probe set were purchased from Life Technologies. Relative gene 

expression was normalized to GAPDH (Thermo Fisher Scientific, Cat#:4331182: 

GAPDH—hs99999905_m1) as an internal control, and fold changes were adjusted to the 

control samples. The cells in each experiment were transfected in duplicates, and each sample 

was assayed by qRT-PCR in triplicates. 2−ΔΔCt was calculated and used as an indication of the 

relative expression levels. Data were presented as mean ± standard deviation (SD) from trip-

licates, and statistical analyses were performed using two-tailed, unpaired Student’s t-test. 

2.14. ELISA 

Cells were treated as indicated in the figure legends. The human TNFα DuoSet® 

ELISA was purchased from R&D Systems (DY210-05) and was used according to the man-

ufacturer’s instructions. 

2.15. Statistical Analysis 

Cell viability was analyzed for synergy using CompuSyn (ComboSyn Inc., Paramus, 

NJ, USA) and Bliss scores were calculated using SynergyFinder (Netphar, University of 

Helsinki, Helsinki, Finland). All graphs were prepared using the GraphPad Prism 

(GraphPad, San Diego, CA, USA). Error bars represent mean ± the standard deviation. 

Statistical significance was determined as follows: NS = not significant, * p < 0.05, ** p < 

0.01, *** p < 0.001. 

3. Results 

3.1. Combined Inhibition of IAPs and WEE1 Enhances the Inhibitory effects of TNFα on 

Proliferation and Survival of HNSCC In Vitro 

In order to investigate potential synergy between IAP and WEE1 inhibition, the small 

molecule inhibitors birinapant and AZD1775 were applied alone and in combination 

across a panel of HNSCC cell lines and cell proliferation and viability were assessed. In 

the absence of TNFα, most cell lines were resistant to birinapant alone, and combination 

treatment demonstrated modest enhancement beyond single drug treatments in the ma-

jority of HNSCC cell lines investigated (Supplementary Figure S1A–C). To determine if 

these inhibitors sensitized cells to TNFα-induced toxicity, single- or combination-treated 

cells were supplemented with 20 ng/mL TNFα; the addition of TNFα to combination-

treated cells further enhanced the reduction in proliferation and cell viability beyond the 

single drug controls across the majority of a panel of cell lines (Figure 1A,B). To confirm 

these data were not specific to birinapant and AZD1775 treatment, we used the other IAP 

inhibitor ASTX600, an IAP inhibitor that more broadly targets cIAP1, cIAP2, and XIAP 

and has demonstrated safety in a phase I clinical trial [32]. Similar reductions in cell via-

bility were observed, which were TNFα dependent, particularly in UMSCC-47 (Supple-

mentary Figure S2A,B). Of note, both cell lines responded better to birinapant, so we used 

this IAP inhibitor for subsequent experiments (Supplementary Figure S2B). Next, we in-

vestigated the effects of combination treatment, in the presence or absence of TNFα, in 

more detail in UMSCC-1, an HPV-negative HNSCC cell line, and UMSCC-47, an HPV-

positive cell line. First, we confirmed that both birinapant and AZD1775 were active at the 

doses used for subsequent experiments. As expected, both compounds inhibited their re-

spective targets (cIAP1 expression for birinapant and phosphorylated CDC2 for 

AZD1775) in both cell lines at 500 nM (Supplementary Figure S3A,B). Next, we looked at 

the long-term effects of combination treatment using colony formation assays. In both cell 

lines, combination treatment significantly reduced colony formation when compared with 

the individual drugs alone, and this was enhanced in the presence of TNFα (Figure 1C). 

In order to assess if the effects of combination treatment were synergistic in HNSCC cells, 
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we performed viability assays after treatment with a range of drug combinations, with or 

without TNFα., and performed Bliss analysis [33]. UMSCC-1 and UMSCC-47 showed 

moderate drug synergism (Bliss score > 1) across a dose range of 0–1 μM with Bliss syn-

ergy scores of 4.46 and 12.98 in the presence of TNFα, respectively (Figure 1D). Addition-

ally, combination treatment resulted in a dose-dependent reduction in cell viability in all 

HNSCC cell lines tested, which was enhanced in the presence of TNFα (Figures 1E and 

Supplementary Figure S1D). Importantly, combination treatment only modestly inhibited 

the viability of primary human oral keratinocytes, indicating that the combination is not 

as toxic to nonmalignant cells. Taken together, these results demonstrate the potential for 

combined IAP and WEE1 inhibition to exert anti-cancer activity and sensitize HNSCC 

cells to TNFα-induced cytotoxicity. 

 

Figure 1. AZD1775 and birinapant combination treatment has therapeutic efficacy in HPV+ and 

HPV- HNSCC cells in the presence of TNF. (A) Impedance assay and (B) XTT viability analysis at 

72 hrs after drug treatment, normalized to TNF control. AZD1775 and birinapant 100 nM with the 

exception of UMSCC-46, which has 2 nM birinapant and 500 nM AZD1775; TNF = 20 ng/mL, n = 6. 

Single outlier excluded from UMSCC-11A 500 nM AZD1775 group in XTT analysis. (C) Colony for-

mation assay in UMSCC-1 and UMSCC-47. AZD1775 = 500 nM, birinapant = 500 nM, TNF = 20 

ng/mL. n = 3. (D) Bliss Synergy scores according calculated using Synergyfinder software for 

AZD1775 and birinapant dose responses (0, 5, 10, 100, 500, 1000 nM) and TNF = 20 ng/mL. (E) XTT 

viability analysis with HOK cells compared to a panel of HNSCC cell lines; TNF = 20 ng/mL, n = 6. 

ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. 
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3.2. Combination Treatment Induces Cell Death through Multiple Cell Death Pathways 

To investigate the effects of combination treatment further, we investigated the ef-

fects on the cell cycle as our previous results demonstrated that both birinapant and 

AZD1775 altered the cell cycle in HNSCC cells [16,30]. In the absence of TNFα, low-dose 

AZD1775 alone minimally increased sub-G1 DNA fragmentation of cells in UMSCC-1 

compared with UMSCC47 cells. Conversely, only birinapant alone increased sub-G1 frac-

tion in UMSCC-1 without TNFα (Supplementary Figure S4A). Combination treatment 

without TNFα did not significantly increase sub-G1 in either cell line compared with sin-

gle drug treatments. With the addition of TNFα, combination treatment increased sub-G1 

to a greater extent than the single drugs in both UMSCC-1 and UMSCC-47 cells at 48 h 

(Figure 2A). Sub-G1 representing fragmented DNA is a marker for cell death [34]. To con-

firm that the combination treatment was inducing cell death, we performed Annexin V 

assays to investigate apoptosis (Figures 2B and Supplementary Figure S4B). In UMSCC-1 

and UMSCC-47 cells, external supplementation with TNFα resulted in significantly in-

creased apoptosis in the combination-treated cells at 48 h. Furthermore, Western blot anal-

ysis demonstrated increased PARP and caspase 3 cleavage, indicating apoptotic cell 

death, and this was enhanced upon combination treatment in the presence of TNFα, par-

ticularly in UMSCC-47 cells (Figure 2C). To further investigate the mechanism of cell 

death occuring upon combination treatment, we performed both XTT and Annexin V as-

says and pre-treated cells with nucleosides (to enhance DNA repair and protect against 

mitotic catastrophe [35]), Z-VAD-FMK (ZVAD, a pan-caspase inhibitor), and/or 

Necrostatin-1 (a RIPK1 inhibitor, a critical component of the necroptotic cell death path-

way). In UMSCC-1, pre-treatemt with ZVAD, nucleosides, and necrostatin alone had mi-

nor effects; however, supplementation with all three compunds completely restored cell 

viability. In contrast, all compounds indivdually partially restored cell viability in UM-

SCC-47 cells, with the greatest effects from ZVAD or all 3 compounds combined (Figures 

2D,E and Supplementary Figure S4C,D). These data suggest that combined inhibition of 

IAP- and WEE1-associated cytotoxicity occurs via multiple mechanisms of cell death. 
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Figure 2. Combination treatment induces cell death in HNSCC through activation of multiple death 

pathways. (A) Cell cycle and (B) Annexin apoptosis assay analysis at 48 h after treatment. 

AZD1775/Birinapant = 100 nM, TNF = 20 ng/mL; n = 3. (C) Representative Western blot analysis of 

PARP and uncleaved/cleaved Caspase 3 expression following 48 h drug treatment. AZD1775 = 500 

nM, birinapant = 500 nM, TNF = 20 ng/mL. -actin was used as a loading control. (D) XTT viability 

assay at 72 h following simultaneous treatment with 500 nM AZD1775/Birinapant in the presence 

of 20 ng/mL TNF +/− 20 uM necrostatin, 20 uM Z-VAD-FMK, 1x nucleosides supplementation. n = 

3. (E) Annexin apoptosis assay at 24 h following simultaneous treatment with 500 nM 

AZD1775/birinapant in the presence of 20 ng/mL TNF +/− 20 uM necrostatin, 20 uM Z-VAD-FMK, 

1x nucleosides supplementation. n = 3. ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. 

3.3. Depletion of WEE1 in Combination with IAP Inhibiton also Enhances the Inhibitory Effects 

of TNFα on Proliferation and Survival of HNSCC In Vitro 

Although AZD1775 is a well characterised WEE1 inhibitor, it has also been shown to 

inhibit WEE1 homologs and other G2/M kinases [36]. We therefore depleted WEE1 ex-

pression using two distinct siRNAs to determine if the combination effects observed were 

due to IAP and WEE1 activities. We confirmed WEE1 depeletion and a subsequent de-

crease in phosphorylated CDC2 in both UMSCC-1 and UMSCCC-47 after siRNA treat-

ment (Supplementary Figure S3C). Next, cells treated with scramble siRNA or WEE1 



Cancers 2023, 15, 1029 10 of 20 
 

 

siRNA were treated with birinapant or ASTX660, with or without TNFα. WEE1 depletion 

alone significanly reduced cell viability in both UMSCC-1 and UMSCC-47 cells and this 

was enhanced in the presence of TNFα, as we previously demonstrated [30]. The addition 

of either IAP inhibitor further reduced cell viability, which was again enhanced in the 

presence of TNFα (Figure 3A,B). These data were also confirmed used a colony formation 

assay, with the WEE1 siRNA/birinapant-combination-treated cells having a signifcant re-

duction in colony formation, which was further reducted in the presence of TNFα (Figure 

3C). Finally, we confirmed that birinapant and WEE1 depeletion resulted in significant 

apoptosis upon TNFα addition, particularly in UMSCC-1 (Figure 3D). These results are 

consistent with the data produced using the WEE1 small molecule inhibitor, suggesting 

that the effects observed with AZD1775 are predominantly from WEE1 inhibition rather 

than off-target effects on other kinases. 

 

Figure 3. Alternative cIAP and WEE1 inhibition produce comparable effects in combination. XTT 

viability analysis of birinapant and ASTX660 in the presence of WEE1 siRNA (si21 and si23); 

AZD1775/ASTX660 = 500 nM, without TNF (A) and with TNF = 20 ng/mL (B). n = 3. (C) Colony 

formation data in UMSCC-1 and UMSCC-47. AZD1775 = 500 nM, birinapant = 500 nM, TNF = 20 
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ng/mL. (D) Annexin apoptosis assay at 24 h following simultaneous treatment with 500 nM bi-

rinpant, TNF= 20 ng/mL. ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. 

3.4. Combination Treatment Modulates the IKK-NFκB in HNSCC Cells 

A critical survival mechanism in the response to TNFα is the IKK-NFκB pathway [37]. 

Previous data has demonstrated that cIAP inhibitors can increase NFκB activity, whereas 

AZD1775 treatment suppresses NFκB activity [14,30]. As combined inhibition of IAP/WEE1 

sensitised HNSCC cells to TNFα-cytotoxicity, we examine the effect of combination treat-

ment on NFκB activity. We treated UMSCC-1 NFκB reporter cells [30] with each drug alone 

or in combination before treating cells with TNFα. As expected, TNFα-induced NFκB activ-

ity about 3-fold in the control cells (Supplementary Figure S5A). As we previously observed, 

AZD1775 significantly reduced TNFα-induced NFκB activity. Birinapant treatment signifi-

cantly enhanced basal NFκB activity without effecting TNFα-induced NFκB activity, con-

sistent with previous reports of IAP antagonists inducing NFκB activation [38,39]. Combi-

nation treatment reduced both birianpant-induced basal NFκB activity and TNFα-induced 

NFκB activity. To investigate the effects on the NFκB pathway in more detail, we looked at 

the activation of components of the canonical NFκB pathway by Western blot. As expected, 

TNFα treatment induced IKKα/β and RELA phosphorylation in control cells (Supplemen-

tary Figure S5B). Pretreatment with AZD1775 led to a slight reduction in both IKKα/β and 

RELA phosphorylation, consistent with our previous results [30]. In contrast, birinapant in-

duced basal phosphorylation, but did not affect TNFα-induced IKKα/β and RELA phos-

phorylation, in line with the NFκB reporter assay data. However, combination treatment 

resulted in a much greater reduction in both IKKα/β and RELA phosphorylation. Together, 

these data suggest that combination treatment with IAP and WEE1 inhibitors results in a 

small but significant reduction in NFκB activity, and this may contribute to the increased 

sensitivity of TNFα-induced cyctotoxicity observed in HNSCC cells. 

3.5. Combination Treatment Sensitizes HNSCC to Radiation Treatment and Induces DNA Damage 

As individual agents, both birinapant and AZD1775 have demonstrated the ability 

to sensitize HNSCC to radiation-induced cell death [16,30]. Radiation is also a potent stim-

ulator of TNFα production in the tumor microenvironment, which we previously showed 

increases the effectiveness of birinapant and AZD1775 as individual agents [16,30]. To 

elucidate the possibility of combination treatment to sensitize cells to radiotherapy, UM-

SCC-1 and UMSCC-47 cells were treated with birinapant and/or AZD1775 for 1 h prior to 

single-dose ionizing radiation. A higher dose of 6 Gy was used in UMSCC-1, compared 

to 4 Gy in UMSCC-47, to account for increased intrinsic radioresistance in this HPV-neg-

ative HNSCC cell line as previously observed [40]. Twenty-four hours post treatment, ra-

diation treatment alone induced apoptosis in UMSCC-1 cells; pretreatment with the drug 

combination significantly enhanced radiation-induced apoptosis (Figure 4A). This change 

appears to be primarily driven by birinapant-associated apoptosis following radiation ex-

posure in short term apoptosis assay (Figure 4B). In UMSCC-47 cells, no significant level 

of apoptosis was observed upon radiation treatment, either with or without combination 

pretreatment in the short-term assay. The ability of the combination treatment to radio-

sensitize HNSCC cells was further assessed by clonogenic survival assay. In both UM-

SCC-1 and UMSCC-47 cells, the individual drugs significantly increased the response to 

radiation treatment; however, the combination treatment significantly reduced survival 

compared with either drug alone in both cell lines (Figure 4C). 
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Figure 4. Combination treatment radiosensitizes HNSCC cells via the induction of sustained DNA 

damage. (A) Annexin apoptosis assay at 24 post single-dose radiation with post radiation with a 1 

h pretreatment of AZD1775/Birinapant; XRT = 4 Gy for UMSCC-47 and 6 Gy for UMSCC1. 

AZD1775/Birinapant = 500 nM. (B) Annexin apoptosis assay at 24 post single-dose radiation with a 

1 h pretreatment of AZD1775/Birinapant; XRT = 4 Gy for UMSCC-47 and 6 Gy for UMSCC1. 

AZD1775/Birinapant = 500 nM. (C) Clonogenic survival assay with DMF score following 24 h treat-

ment with AZD1775/Birinapant at 500 nM compared with DMSO control. Single-dose ionizing ra-

diation was administered 1 h following AZD1775/Birinapant pretreatment in UMSCC-1 (XRT = 

0,4,8,12 Gy) and UMSCC-47 (XRT = 0,2,4,6 Gy). (D) Flow cytometry analysis of -H2AX positivity 

in single drug or combination-treated cells with or without 20 ng/mL TNF, or radiation. Radiation 

was delivered following a 1 h pretreatment at 6 Gy for UMSCC-1 and 4 Gy in UMSCC-47. 

AZD1775/Birinapant = 500 nM, n = 3. (E) Immunofluorescence analysis of -H2AX foci formation 

over a time following radiation (UMSCC-1 = 6 Gy, UMSCC-47 = 4 Gy) with a 24 h drug pretreatment. 



Cancers 2023, 15, 1029 13 of 20 
 

 

Cells were analysed 30 min and 24 h post radiation treatment. Time 0 represents unirradiated cells. 

AZD1775/Birinapant= 500 nM. ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. 

WEE1 is a critical componant of the DNA damage response and WEE1 inhibitors can 

synergize with other DNA damaging agents through accumulation mutagenesis and in-

duction of mitotic catastrophe [26]. We therefore investigated if combination treatment 

could induce DNA damage in HNSCC cells. We first assessed the levels of γ-H2AX, a 

marker for DNA damage [41], by flow cytometry. In UMSCC-1, γ-H2AX expression in-

creased following single drug treatment for 24 h; this was significantly increased upon 

combintion treatment (Figure 4D). In UMSCC-47, DNA damage was only induced by 

AZD1775 alone and the combination treatment. The addition of TNFα significantly en-

hanced the DNA damage induced by the combination in both cell lines; interestingly, 

TNFα addition also induced DNA damage in combination with birinapant in UMSCC-47. 

Radiation treatment also increased γ-H2AX expression after pretreatment with birinapant 

and AZD1775 in UMSCC-1, but not in UMSCC-47. 

This may be due to the much lower levels of TNFα released by radiation treatment 

compared with TNFα supplementation [42,43]. Therefore, a higher dose of ionizing radi-

ation or a longer time course may be required to see the effects of birinapant-associated 

DNA damage and a resultant combinatorial effect in UMSCC-47. 

To analyse the response to radiation and the effects on DNA damage further, we 

performed confocal microscopy to look at the formation γ-H2AX foci. In the absense of 

radiation, combination-treated cells express higher levels of γ-H2AX foci, with many cells 

also demonstrating pan-nuclear staining, abnormal nuclear shape/architecture, aberrant 

mitoses, and apoptotic bodies compared to control cells in both cell lines (Figure 4E). 30 

min post-radiation treatment, γ-H2AX foci levels were similar between control and com-

bination treatment in UMSCC-1 cells; however, γ-H2AX foci levels were higher in the 

combination treatment in UMSCC-47 cells. By 24 h, γ-H2AX foci had resolved in both cells 

lines in the control; in combination-treated cells, however, γ-H2AX foci remained high, 

suggesting a sustained defect in DNA damage repair. Structural changes in UMSCC-47 

nuclei are particularly apparent, which is consistent with the increased sensitivity of this 

cell line to radiotherapy compared to UMSCC-1 [40,44,45]. Taken together, these data sug-

gest that combined inhibiton of IAP and WEE1 sensitizes HNSCC to radiation treatment. 

Furthermore, combination treatment induces DNA damage in combination with TNFα 

and radaition and may lead to a defect in DNA damage repair. 

3.6. Mutated TP53 Is a Potential Determinant of Sensitivity to Combination Therapy in HNSCC 

Cells 

From our preliminary data in various cell lines, we noticed that the HNSCC cell line 

that was the least sensitive to combined IAP/WEE1 inhibition was UMSCC-74A, an HPV-

negative cell line that retains wild-type TP53 (Figure 1E). TP53 is a cell checkpoint protein 

that is commonly mutated and inactivated in HPV-negative HNSCC, occurring in 83% of 

cases, or degraded in HPV-positive HNSCC via the E6 oncogene [11,46]. We therefore 

sought to identify if TP53 played a role in the response to combined IAP/WEE1 inhibition. 

To do this, we utilized a CRISPR-Cas9 generated TP53 knockout (KO) version of the wild-

type (WT) TP53 UMSCC-74A cell line. Consistent with previous reports, TP53 knockout 

increases sensitivity to the WEE1 inhibitor AZD1775 and this was further enhanced upon 

TNFα addition (Figure 5A; [30,47]); however, the response to birinapant was unaffected. 

Furthermore, TP53 KO enhanced the sensitivity of UMSCC-74A cells to combination treat-

ment when compared with the drug alone; the addition of TNFα further enhanced this 

effect (Figure 5A). As TP53 plays a role in the DNA damage response, we assessed the 

role of TP53 on DNA damage induced by the combination treatment. In the absense of 

treatment, γ-H2AX was only modestly increased in TP53 KO cells in the absence of exter-

nal stimuli. Following combination treatment, γ-H2AX expression was significantly 

higher in TP53 KO cells compared with the WT cell line, which was consistent in the 
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presence of TNFα and radiation treatment (Figure 5B). These data suggest that functional 

TP53 may play a role in modifying the sensitivity to combined IAP/WEE1 inhibition. 

 

Figure 5. TP53 deficient HNSCC cells are more susceptible to combination therapy cytotoxicity and DNA 

damage. (A) XTT viability analysis in UMSCC74A TP53 WT and KO at 72 h normalized to DMSO control. 

AZD1775/Birinapant = 500 nM, TNF = 20 ng/mL. n = 3. (B) DNA damage according to γ-H2AX positivity 

on flow cytometry using CRISPR-Cas9 UMSCC-74A p53 KO and parental UMSCC-74A WT. 1 h pre-

treatment with drugs before 4 Gy radiation then analysis 24 h post treatment. AZD1775/Birinapant = 500 

nM, TNF = 20 ng/mL. n = 3. ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. 

3.7. Intrinsic TNFα Production Plays a Critical Role in the Response to IAP/WEE1 Inhibition in 

the Highly Sensitive Cell Line UMSCC-1 

Our data so far have demonstrated that the UMSCC-1 cell line appeared to be 

uniquely sensitive to combined IAP/WEE1 inhibition, demonstrating increased levels of 

cytotoxicity, DNA damage, and apoptosis even in the absence of supplemental TNFα or 

radiation treatment (Supplementary Figure S1). This prompted us to investigate if these 

effects were mediated by endogenous TNFα, which has previously been shown to medi-

ate some of the cytotoxic effects of both IAP and WEE1 inhibition [30,48]. We therefore 

performed experiments using an anti- TNFα neutralizing antibody to determine whether 

intrinsic production of TNFα was contributing to the effects observed. We found that after 

pre-treatment with an anti-TNFα antibody, there is a significant restoration of colony for-

mation in UMSCC-1 treated with either birinapant, AZD1775 or the combination treat-

ment (Figure 6A). Furthermore, addition of the anti-TNFα antibody significantly reduced 

the apoptosis and DNA damage induced by birinapant and the combination (Figure 

6B,C), suggesting that UMSCC-1 sensitivity to combination treatment in the absence of 

external TNFα supplementation relies on intrinsic TNFα production. Indeed, we con-

firmed that the combination treatment induced significant levels of TNFA mRNA expres-

sion and protein secretion, primarily driven by IAP inhibition (Figure 6D,E). Finally, treat-

ment with the anti-TNFα antibody reversed the enhanced radio sensitization upon com-

bination treatment in UMSCC-1 cells (Figure 6F). Altogether, these data suggest that the 

cytotoxicity and radio-sensitization observed upon combined IAP/WEE1 inhibition in 

UMSCC-1 cells is primarily mediated by induced TNFα production and signaling. 
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Figure 6. Combination treatment cytotoxicity in UMSCC-1 is at least partially TNF-driven. (A) Col-

ony formation after 24 h of treatment with 500 nM AZD1775/Birinapant. Cells were pre-treated with 

control mouse IgG (1 ug/mL) or anti-TNF (1 ug/mL) for 4 h before treatment. n = 3. (B) Annexin 

apoptosis assay at 24 h with 500 nM AZD1775/Birinapant. Cells were pre-treated with control mouse 

IgG (1 ug/mL) or anti-TNF (1 ug/mL) for 4 h before treatment. n = 3. (C) Flow cytometry analysis of 

-H2AX positivity with 24 h of treatment with 500 nM AZD1775/Birinapant. Cells were pre-treated 

with control mouse IgG (1 ug/mL) or anti-TNF (1 ug/mL) for 4 h before treatment. n = 3. (D) qPCR 

analysis of TNF following treatment with indicated drug for 24 h, AZD1775/Birinapant = 500 nM, n 

= 3. U6 was used as a loading control. (E) ELISA assay of TNF protein expression following treat-

ment with indicated drug for 24 h, AZD1775/Birinapant = 500 nM, n = 3. (F) Clonogenic survival 

assay with DMF score following 24 h treatment with AZD1775/Birinapant at 500 nM compared to 

DMSO control +/− anti-TNF (1 ug/mL). Single-dose ionizing radiation was administered 1 h follow-

ing AZD1775/Birinapant pretreatment in UMSCC-1 (XRT= 0,4,8, 12 Gy) and UMSCC-47 (XRT = 

0,2,4,6 Gy). ns = not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. 
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4. Discussion 

The therapeutic landscape for treatment of head and neck squamous cell carcinoma 

still relies on surgery and radiotherapy in combination with chemotherapeutics and im-

munotherapy, particularly for advanced cases [49]. Several novel small molecule thera-

pies are under clinical investigation with the goal of improving radiation treatment effi-

cacy, targeting nonresponsive cancer types, and decreasing toxicities associated with cur-

rent regimens [22,50–52]. Combination therapy with agents that individually or synergis-

tically induce cancer cell death represents an avenue for enhancing efficacy across a wide 

range of cancers with mutations affecting different cell death pathways, while limiting 

treatment-associated toxicity [53]. As such, protein ubiquitination and the DNA damage 

response represent promising targets for novel therapeutic combinations [54,55]. This 

study investigates a previously unreported combination of the cIAP and WEE1 inhibitor 

drug classes, which target pathways known to be dysregulated in and critical for cancer 

cell survival and progression [52,56]. Both drug classes have shown to induce cancer cell 

death in vitro and in vivo across a panel of HSNCC cell lines [30,48]. 

Previous work has shown that both IAP and WEE1 inhibitors can enhance cell death 

induced by both TNFα and ionizing radiation [16,30]. Notably, both cIAP and WEE1 in-

hibitor drug classes are modulators of the TNFα-NFκB pathway, which regulates prolif-

eration, cell death, and tumor promoting inflammation in HNSCC [57]. While TNFα has 

long been implicated as an anti-cancer agent, it has been difficult to utilize for treatment 

since with systemic therapy there is near universal treatment related toxicity and oppos-

ing downstream effects which promote resistance [58]. While TNFα is a stimulator of both 

intrinsic and extrinsic caspase-dependent apoptosis and necroptosis, its effects are often 

mitigated by downstream activation of RELA/NFκB targets that mediate resistance to cell 

death [57]. Our data demonstrate that IAP and WEE1 inhibitors increase TNFα-associated 

cell death [7–10]. Notably, cIAP proteins increase TNFα-associated cell death, but also in-

crease NFκB signaling, potentially through the autoinduction of TNFα and activation of 

the non-canonical TNFα pathway as previously reported [13]. Our previous data demon-

strated that the WEE1 inhibitor AZD1775 inhibits NFκB activity, and TNFa-induced ex-

pression of pro-survival proteins, while also enhancing DNA damage and the potential 

for mitotic cell death. The combined inhibition of IAP and WEE1 proteins may primarily 

drive TNFα-induced cell death via the enhanced induction of TNFα, the inhibition of 

NFκB-induced pro-survival proteins, and the induction of DNA damage. 

Our data demonstrate the susceptibility of a panel of HNSCC cancer cell lines with 

different mutational profiles and HPV status to combined inhibition of IAP and WEE1 in 

the presence of TNFα, an inflammatory cytokine produced in the tumor microenviron-

ment by immune cells, stomal, and tumor cells when induced by ionizing radiotherapy 

[6,59]. Multiple HNSCC cell lines showed sensitivity to the combination in the presence 

of TNFα, especially in cancer cell lines harboring mutations or inactivation of TP53. In 

vitro cytotoxicity of the combination was limited in non-malignant oral keratinocytes and 

in HNSCC cells expressing wild-type TP53. Interestingly, TP53 depletion in the TP53 WT 

UMSCC-74A cell line sensitized them to TNFα and combination treatment, supporting 

the importance of the G2/M checkpoint in sensitivity to WEE1 inhibition. Therefore, TP53 

status may function as a biomarker to predict sensitivity to this combination treatment. 

The mechanism of cell death induced from the combination treatment was found to 

be multifactorial, which supports the importance of the cell cycle and TNFα-NFκB path-

way in regulating cell death outcomes. The differences in the primary mechanisms of cell 

death have been reported to correlate with the expression of key cell death response pro-

teins, including FADD, BIRC2, and CASP8, and may help explain some of the differential 

sensitivities to the two drugs and combination in different cell lines [16]. In particular, the 

DNA damage induced by IAP/WEE1 inhibition is enhanced by the presence of TNFα and 

is likely an important component for the radio-sensitization effects observed. In line with 

this observation, pre-treatment with the anti-TNFα antibody significantly attenuated the 

enhanced radio-sensitivity upon combination treatment. 
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Our data also suggest that the observed sensitization to TNFα-induced cytotoxicity 

after IAP/WEE1 inhibition may be due to the effects on the IKK-NFκB pathway. We pre-

viously demonstrated that WEE1 inhibition impairs the canonical NFκB pathway and 

thereby attenuates both pro-survival gene expression, sensitizing HNSCC cells to TNFα-

induced cell death [30]. Furthermore, we previously reported that birinapant similarly sensi-

tizes HNSCC cells to TNFα-induced cell death, and other groups have demonstrated that 

birinapant can attenuate the canonical NFκB pathway [16,48,60]. TNFα is present in tumor 

tissue and systemic anti-TNFα abrogates the effects of radiation in vivo. Thus, the production 

of TNFα by tumor or other cells in the microenvironment may, therefore, be an indicator and 

requirement for responsiveness to IAP inhibitor therapy, which relies on TNFα activation for 

the induction of apoptosis, necroptosis, and DNA-damage-associated cell death. 

The present study has several limitations. Our data are derived from in vitro models, 

whereas an in vivo model will be required to determine the toxicity and kinetics of com-

bination therapy with IAP inhibitors and WEE1 inhibitors in the presence of radiation. 

Furthermore, our panel of cell lines had differential susceptibility to the individual agents 

and combination treatment. Additional work is required to differentiate tumor cell char-

acteristics that predict synergistic cytotoxicity in response to combination treatment. Fi-

nally, our in vitro radiation studies utilized single-dose ionizing radiation; however the 

dosage and temporal relationship to small molecule inhibitor treatment requires further 

investigation and optimization. 

In general, this study provides preclinical data supporting the future investigation of 

combination therapy with IAP and WEE1 inhibitors to target TP53 mutated HNSCC. Addi-

tional work using novel 3D organotypic cultures of HNSCC would strengthen our preclinical 

data, as would the use of murine models to determine in vivo activity and identify additional 

predictive markers of HNSCC that will have clinically significant responses [61,62]. 

5. Conclusions 

Head and neck squamous cell carcinoma (HNSCC) remains a prevalent diagnosis 

that requires further investigation to identify novel regimens to treat aggressive tumor 

types and reduce the toxicity of current treatment options. Tumor necrosis factor-α 

(TNFα) is a key mediator of cytotoxicity that is frequently dysregulated in carcinoma and 

can be induced by a variety of chemo-, radio-, and immunotherapies. Previous studies 

have demonstrated the ability of two novel small molecule inhibitors, the IAP inhibitor 

birinapant and the WEE1 inhibitor AZD1775, to sensitize HNSCC to TNFα dependent cell 

killing in vitro and radiotherapy in vivo. Our results demonstrate that combination treat-

ment with birinapant and AZD1775 impairs proliferation and induces cytotoxicity in both 

HPV-negative and HPV-positive HNSCC cell lines, in the presence of both TNFα and ra-

diation treatment in vitro. The mechanism of action in multifactorial and correlates with 

induction of apoptosis/necroptosis, cell cycle dysregulation, and DNA damage. These re-

sults support the additional exploration of IAP and WEE1 inhibitor combinations for the 

treatment of HNSCC in vivo pre-clinical models. 

Supplementary Materials: The following supporting information can be downloaded at: 

https://www.mdpi.com/article/10.3390/cancers15041029/s1, Figure S1: Combined treatment with 

AZD1775 and Birinapant has reduced combinatorial cytotoxic activity in the absence TNF. Figure 

S2. The alternate IAP inhibitor ASTX660 also produces combinatorial effects with AZD1775 treat-

ment in HNSCC cells. Figure S3. Validation of downstream target inhibition. Figure S4. Cell cycle 

and cell death effects of combination treatment in the absence of TNF. Figure S5. Combination treat-

ment reduces NFkB activity and IKK/RELA phosphorylation in HNSCC cells. 
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