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Abstract
Background: Stem cell-like properties in cancer cells are found to be responsible for its aggressive
behaviour. However, this has not been studied with respect to the bimodal NOTCH-pathway-activity
status, found in oral cancer.

Methods:Oral-SLCCs were enriched in 3D-spheroids. Constitutively-active and inactive status of NOTCH-
pathway was achieved by genetic or pharmacological approaches. RNA sequencing and real-time PCR
was performed for gene expression studies. in vitro cytotoxicity assessments were performed by
AlamarBlue assay and in vivoeffects were studied by xenograft growth in zebra�sh embryo. The t tests
were performed to estimate statistical signi�cance of the study.

Results: Here, we have demonstrated the stochastic plasticity on NOTCH-activity axis; maintaining both
NOTCH-active and inactive states of oral stem-like cancer cells (Oral-SLCCs). While Oral-SLCCs with
inactive NOTCH-pathway status showed higher proliferation and aggressive tumor growth, the Cisplatin
refraction was associated with active-status of NOTCH-pathway; suggesting the crucial role of plasticity
on NOTCH-axis. The differentially expressed genes between NOTCH-pathway active and inactive clones
clearly suggested the upregulation of JAK-STAT signaling in subset of Oral-SLCCs with lower NOTCH-
pathway activity status. Con�rming the function; the 3D-spheroids generated by oral-SLCCs with lower
NOTCH-activity-status displayed signi�cantly higher sensitivity to JAK-selective drugs, Ruxolitinib or
Tofacitinib and siRNA mediated downregulation of tested partners STAT 3 and 4. Therefore, we adopted
the strategy of synthetic lethality, where Oral-SLCCs were reprogrammed to maintain the inactive status
of NOTCH-pathway by exposure to γ-secretase inhibitors, LY411575 or RO4929097 followed by targeting
with JAK-inhibitors, Ruxolitinib or Tofacitinib. This resulted in a very signi�cant inhibition in viability of
3D-spheroids as well as xenograft formation in Zebra�sh embryos; whereas inhibition of either of these
pathway alone were largely ineffective.

Conclusion: We have demonstrated the stochastic cellular plasticity on NOTCH-activity axis. Study
revealed for the �rst time that NOTCH-HES and JAK-STAT pathways may act as synthetic lethal pair, and
as novel targets against diverse states of stemness in oral cancer. Therefore, we have provided the
rational for sequential combination of NOTCH and JAK inhibitors as possible therapeutic strategy
against aggressive oral cancer.

Background
A subtype of head and neck squamous cell carcinoma (HNSCC), originating in the buccoalveolar sulcus
or gingivolabial sulcus of oral cavity has high prevalence in Paci�c Islands and in whole South Asian
countries and emerging in other parts of the world, as well (1–4). While it is the eighth most common
cancer worldwide; it is the most prevalent cancer among men and fourth most common among women in
India (5, 6). Although there is improvement in treatment strategies; mainly surgery and chemo-radiation
therapy; majority of the oral cancer patients develop loco-regional secondary and/or metastatic disease,



Page 3/31

with very poor post-recurrence survival (5, 7, 8). Cancer cells with stem cell-like properties of long-term
self-renewal and differentiation, collectively known as ‘stemness’; are shown to be responsible for cancer
initiation, progression, metastasis, resistance to treatment and recurrence after therapy. Therefore, stem
cell biology of cancer provides conceptual framework to understand the aggressive behaviour of cancer
(9–14). The present study focused to explore the status of NOTCH-pathway activation and its relation
with ‘stemness’ in oral cancer cells.

Mutation in NOTCH1 gene has been implicated in leukaemia, breast cancer and various squamous cell
carcinomas including, esophagus, cervix, skin and lung other than HNSCC (15–19). Importantly, the
NOTCH-mutation patterns are contrastingly different between these cancer types. In T-cell acute
lymphoblastic leukaemia (T-ALL) majority of the truncating mutations occur in the C-terminal domain of
the Notch receptor protein, whereas the truncating mutations are commonly located in the ligand binding
extracellular domain of the NOTCH receptors in HNSCC including gingivobuccal oral cancer. The NOTCH
mutation in HNSCC hampers the ligand-receptor interaction and leads to inactivation of NOTCH1
signaling, contrasting to activation of NOTCH1 in T-ALL (20, 21). Supporting the tumor suppressive role
of NOTCH1, conditional loss of function phenotype of NOTCH1 has been shown to result in cutaneous
squamous cell carcinoma in mice (22, 23). Although activating mutation in NOTCH-pathway genes is
largely lacking in HNSCC; studies have shown that NOTCH1 is signi�cantly upregulated in neoplastic
cells compared to normal tissue (24–27). The putative oncogenic role of NOTCH-signaling has been
experimentally proven, where blocking of NOTCH1 has led to decrease in cell proliferation, 3D-spheroid
growth and xenograft formation in HNSCC cell lines with wild-type status of NOTCH1 (28, 29).
Collectively, these observations are suggesting the bimodal action of active NOTCH-pathway; acting as
tumor promoter or suppressor, depending on the cellular context in oral cancer.

Studies have shown a positive correlation between higher-expression of NOTCH-pathway genes and
cancer stem cell markers aldehyde dehydrogenase (ALDH) and SOX2 in HNSCC cell lines, supporting the
oncogenic role of NOTCH-pathway (30, 31). However, loss of function of NOTCH1 had resulted in
outgrowth of basal-stem cells in mouse; suggesting the tumor suppressor role of NOTCH pathway.
Immunohistochemistry studies have also found heterogeneous expression of NOTCH1 (ICN1) and its
downstream member of HES1 and HEY1; giving evidences of activation of NOTCH-pathway in subsets of
cells in several HNSCC tumor sections (29, 32). Thus, while stemness in oral cancer may be dependent on
the active NOTCH-signaling in a subset of cancer cells, it may be in maintained in NOTCH-independent
manner with loss of function status in other subsets. Therefore, exploring the maintenance of stemness
in this diverse background may provide novel target against stemness in oral cancer (33–37).

Here, we have provided the evidence of co-existence of oral-stem-like cancer cells (Oral-SLCCs) with both
NOTCH-active and -inactive states. While the sustained activation of NOTCH1 and Hes1 was found to be
responsible for Cisplatin-tolerance in Oral-SLCCs; NOTCH-inactivation displayed a transcriptionally
distinct state of stemness with aggressive, tumor-promoting functions with activation of JAK-STAT
signaling. Harnessing this plasticity, we pharmacologically drove Oral-SLCCs to accumulate in NOTCH-
inactive state; rendering them to be dependent on JAK-STAT pathway. Overall, we have provided a novel
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strategy of reprogramming Oral-SLCCs to be sensitive to JAK-inhibitors by modulating the NOTCH-
activation.

Results
Stemness is maintained by oral cancer cells with both NOTCH-pathway active and inactive status: In our
recent report, oral cancer cells with the widely reported phenotype of putative oral SLCCs
(CD44+ve/CD24Low or ALDH-High), as well as other possible subpopulations of the cells with
CD44+ve/CD24High as well as ALDH-Low phenotypes were able to form the 3D-spheroids and
maintenance of hybrid states of Oral-SLCCs (38). Therefore for this study, we adopted the phenotype-free
enrichment of Oral-SLCCs in 3D-spheroid cultures from different oral cancer cell lines and checked the
expression level of stemness related genes. The adherent cultures were used as control. Quantitative real
time polymerase chain reaction (qRT-PCR) results showed signi�cant upregulation for NOTCH-pathway
receptor NOTCH1 and major downstream genes HES1 and HEY1 (Supplementary Figure S.1) along with
other stemness genes ALDH1A1, SOX2, cMYC and KLF4 (Supplementary Figure S.1). These observations
demonstrated the enrichment of Oral-SLCCs with NOTCH-pathway activation in the 3D-spheroid cultures
of oral cancer cells and con�rmed the suitability of the cellular models for this studies. We, next explored
the effect of Notch-inactivation over the sphere forming ability of oral-cancer cells. Cells were seeded
along with the γ-secretase inhibitors LY411575 (LY) or RO4929097 (RO) at given concentration.
Interestingly, the sphere forming e�ciency was signi�cantly enhanced in the Notch-inhibited conditions
compared to the control, for all three tested cell lines SCC029, SCC032 and SCC070 (Figure: 1A-C). siRNA
mediated transient   knockdown of NOTCH1 and HES1 in SCC070 also showed the similar results os
higher sphere forming e�ciency compared to control siRNA (Supplementary Figure S.2). qRT-PCR
analysis of the spheroids, generated with 5µM LY or RO in tested cell lines GBC02 and SCC070,
demonstrated downregulation of NOTCH1 and HES1 expression, suggesting the inhibition of NOTCH-
activity in these cells. Importantly, these NOTCH-inhibited spheroids showed downregulation in stemness
factors SOX2, ALDH1A1 and basal cell cytokeratin marker CK14, while upregulation of stemness factors
SOX9 and differentiation marker CK10 (Figure 1D-E). Therefore, results indicated the possibility of the
maintenance of an alternative state of stemness in oral cancer cells after Notch-inactivation. 

            To stably maintain the NOTCH-active status in oral cancer cells we used lentiviral vectors to
express the active-intracellular domain of human-NOTCH1 (hICN) or human-Hes1 (hHes1); while for
constitutively inactivated status of NOTCH-pathway, a dominant negative form of human-Hes1 (BHes1)
was expressed in GBC02 and SCC070 cell lines. As anticipated, the sphere formation e�ciency of BHes1
clones was signi�cantly higher compared to both hICN and hHes1 clones for both GBC02 and SCC070
(Figure 1F-G). qRT-PCR analysis further con�rmed the observations obtained from spheroids generated
with LY or RO (Figure 1 D, E).  Both SCC070 and GBC02 cell lines exhibited signi�cant upregulation in
NOTCH1, HES1, ALDH1, SOX2 and CK14 for hICN and hHes1 clones; whereas, signi�cant increase in
SOX9 and CK10 and Involucrin was demonstrated by NOTCH-inactivated BHes1-clones for both the cell
lines (Figure 1 H). Importantly, in vivo xenotransplantation of cancer cells with constitutive activation of
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NOTCH-pathway (hICN and hHES1) or with inactivation (BHes1) clearly suggested the tumorigenic ability
of SCC070 cells, irrespective of NOTCH-pathway status (Figure 1I). NOTCH-pathway inactivated cells
resulted in more aggressive tumor, indicated by a signi�cantly poorer survival in zebra�sh embryo, post
transplantation (Figure 1J). In concordance with this observation, poor prognosis for HNSCC patients
having lower expression of NOTCH1 was found in survival analysis as compared to the patients with its
higher expression in The Cancer Genome Atlas (TCGA) study-cohort (Figure 1K). 

Spontaneous co-existence of Notch-pathway active and -inactive cell population in OSCC:

Morphologically, spheroids generated from SCC070 cell lines were less diffused than the spheroids
generated from other oral cancer cell lines. Therefore, we clearly observed that the spheroids generated
from NOTCH-pathway inactive SCC070-bHES1 clones were having higher frequency of larger spheroids
than the NOTCH-pathway-active SCC070-hHES1 clone. As shown in Figure 2A, the bHES1 clone had
signi�cantly higher number of larger 

spheroids with diameter of 100µ or more in all the three different generations, tested here.   Since,
spontaneously generated spheroids always demonstrate variations with respect to their diameter, this
observation intrigued us to explore further. From the spontaneously generated SCC070 spheroids; we
collected smaller spheroids of 40-70µm in diameter and larger spheroids with 100µm or more in diameter
to perform gene expression analysis. Surprisingly, these two subpopulations showed differential
expression in stemness and differentiation related genes (Figure 2B). More interestingly, the HES1
expression was downregulated in larger spheroids (Figure 2B). The expression of other tested genes,
ALDH1A1, SOX2, cMYC, CK10 and CK14 showed gene expression pattern, like the NOTCH-pathway-
inactive clone (Figure 2B). We next tested if these two sub-types of spheroids can regenerate to its
original size after dissociation and replanting. To our surprise, cells dissociated from 1’ (primary)
spheroids with <70μm diameter could also generate the larger spheroids of >100μm, as well as vice versa
(Figure 2C). These results suggested the possibility of co-existence and spontaneous interconversion of
NOTCH-pathway active (enriched in smaller spheroids) and NOTCH-pathway inactive (enriched in larger
spheroids) oral cancer cells, under 3D cell culture condition. 

Transitioning to NOTCH-pathway active state provides cisplatin tolerance in Oral-SLCCs: 

Previous reports have shown that activation of NOTCH-pathway confers resistance against cisplatin in
HNSCC (39,40). Thus, we next tested if oral cancer cells harness its ability to transition between NOTCH-
pathway -inactive and -active states to achieve the drug tolerance. As shown in schematic (Figure 2E),
OSCC cells, SCC029, SCC032 and SCC070 were plated for spheroid formation. Cisplatin was added at a
physiologic dose of 2μM, after the spheroids reached the average diameter of 60μm in 5-7 days after
single cell plating. All the tested cell lines showed refraction to cisplatin treatment, as non-signi�cant
change in cell viability was observed (Supplementary Figure S.3). Spheroids exposed to cisplatin for 48
hrs were collected for RNA isolation. Parallelly, cisplatin treated spheroids were collected, dissociated into
single cells and re-seeded to generate 2’ (secondary) spheroid, without cisplatin. After 7 days, plated cells
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generated 2’ spheroids which were collected for RNA isolation. As anticipated, Cisplatin treatment resulted
in signi�cant upregulation of NOTCH1 and HES1 expression along with other stemness marker ALDH1A1,
SOX2, SOX9 and differentiation marker CK1 (Figure 2F). Surprisingly, the increased levels of these tested
genes remained upregulated in 2’ spheroids generated from cisplatin treated 1’ spheroids; even when 2’

spheroids were generated without cisplatin (Figure 2F). 

These results suggested that the tolerance against cisplatin may be a result of a more stable NOTCH-
pathway active status after cisplatin treatment. Therefore, blocking of NOTCH-pathway before cisplatin
treatment may result in better e�cacy. To test this possibility, we added the γ-secretase inhibitors LY and
RO at the time of seeding for spheroid formation of SCC029, SCC032 and SCC070 to block these cells
from undergoing cisplatin-induced transition towards a NOTCH-pathway active status. After 5 days of
spheroid formation, 2 µM cisplatin was added. Interestingly, compared to the spheres generated in DMSO
where cisplatin tolerance was observed; signi�cantly lower spheroid number and reduced viability was
achieved for the spheroids, which were generated with inhibited NOTCH-pathway (Supplementary Figure
S.3). Encouraged from these results, we performed the cisplatin sensitivity assay to quantitate the
difference in cisplatin e�cacy by calculating IC50 value of Cisplatin in combination of 5 µM of γ -
secretase inhibitors for both GBC02 and SCC070 cell lines (S.4). Similarly, IC50 value was calculated by
making comparison between constitutively NOTCH-pathway active (hICN) and -inactive (BHES1) clones
of GBC02 and SCC070 cell lines (Supplementary Figure S.4). Both these experiments demonstrated the
signi�cant reduction in IC50 value for cisplatin in NOTCH-pathway inactive cells as compared to NOTCH-
pathway active cells in both the cell lines (S.4). Thus, our results strongly suggested that oral cancer cells
adapt to the cisplatin treatment by transitioning to the drug tolerant state through activation of NOTCH-
pathway, as one of the possible mechanisms. 

NOTCH-pathway inactive state of Oral-SLCCs showed increased JAK-STAT signaling: 

We next explored the differential expression of genes between spheroids of NOTCH-pathway active and
 inactive status of Oral-SLCCs to understanding the responsible mechanism of maintenance of stemness
and spontaneous transitioning between these subpopulations. Spheroids were generated form
constitutively NOTCH-pathway active (hICN) and -inactive (BHES1) clones of SCC070 cell line and RNA
was subjected for RNA sequencing (RNAseq). Among the differentially expressed genes (DEGs), 238
genes were signi�cantly upregulated in NOTCH-pathway active spheroids whereas, 800 genes were
signi�cantly upregulated in NOTCH-pathway inactive spheroids with log2 fold change of more than 1
with p value of less than 0.05 (Supplementary Table 1). Interestingly, the NOTCH- pathway inactive
spheroids revealed a signi�cant enrichment of in�ammatory responsive genes in gene set enrichment
analysis (Supplementary Table 2; Figure 3A). DEGs in NOTCH-pathway inactive spheroids showed
enrichment of gene sets of interferon alpha signalling and in�ammatory response (Figure 3B i-ii).
Supporting the activation of JAK-STAT pathway, KEGG JAK-STAT signaling dataset from GSEA-MSigDB
showed signi�cantly higher overlap with DEGs in NOTCH-pathway inactive spheroids as compared to
NOTCH-pathway active spheroids (Figure 3C). Recently we have demonstrated the emergence of hybrid
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state of stemness in oral cancer cells with co-expression of stemness and differentiation associated
genes (38).  Since, inhibition of NOTCH-pathway showed the similar pattern of expression, we next
explored the overall similarities by overlapping the upregulated genes in NOTCH-pathway inactive cells
with the upregulated gene sets of putative Oral-stem-like cancer cells (Oral-SLCCs) and hybrid state of
stemness in oral-SLCCs (38). Interestingly, the upregulated genes in NOTCH-pathway inactive cells
showed signi�cantly higher overlap with hybrid state of Oral-SLCCs (Figure 3D). 

To con�rm the induction of JAK-STAT signalling in NOTCH-pathway inhibited spheroids, immunoblotting
was carried out for key downstream STAT proteins. Spheroids were treated with 5 µM concentration of LY
or RO for 48 hrs before harvesting and total as well as phosphorylated forms of STAT1, STAT3 and
STAT4 was tested. All three tested STATs were found to be phosphorylated in NOTCH-pathway
inactivated cells as compared to DMSO control (Figure 3E). These results imply that the JAK-STAT
signalling is activated in NOTCH-pathway inhibited condition in Oral-SLCCs. Collectively, our results
suggested for the �rst time that the inactivation of NOTCH-pathway in oral cancer cells may reprogram
the oral-SLCCs to acquire a hybrid-state of stemness with activation of JAK-STAT signalling.  

Inhibition of JAK-STAT signal suppresses stemness in NOTCH-pathway inactive state of Oral-
SLCCs: Activation of JAK-STAT signaling in NOTCH-inactive condition may be responsible for
maintenance of stemness in these hybrid and more aggressive state of oral-SLCCs, as explained earlier.
To explore this hypothesis, we �rst performed siRNA mediated knockdown of two of the major
downstream effectors STAT3 and STAT4 in NOTCH-pathway active (hICN) and inactive (BHes1) clones of
SCC070 and GBC02 cell lines. After 48 hrs of incubation with siRNA these cells were harvested and plated
for sphere formation. Although with similar levels of knockdown in both the clones for both genes
(Supplementary Figure S.5); interestingly, while knockdown of STAT3 or STAT4 did not result in loss of
sphere forming e�ciency in hICN clones; signi�cant loss in sphere formation e�ciency was observed in
BHes1 clones for both the cell lines (Figure 4A i-ii). For quantitative representation we used viability of the
spheres estimated by AlamarBlue assay as a measure. As anticipated, hICN clones did not show any
difference in viability; whereas, BHes1 clones had signi�cantly less viability after STAT3 or STAT4 siRNA
transfection for both the cell lines, (Figure 4B i-ii). 

The JAK-STAT pathway silencing showed more e�cient inhibition of stemness in Oral-SLCCs with
NOTCH-pathway inhibited status; clearly suggested the synthetic lethal interaction between these two
pathways. This prompted us to investigate the sphere forming e�ciency of oral cancer cell with potent
and selective JAK inhibitors, Ruxolitinib (Ruxo) or Tofacitinib (Tofa) to pharmacologically block JAK-
STAT signalling. The hICN and BHes1 clones from GBC02 and SCC070 were plated for sphere formation
in presence of the JAK inhibitors. DMSO was used as control. The sphere formation was followed for 7
days and representative images of spheroids generated in each condition is given as supplementary
�gure S.6. Similar to the observations obtained from siRNA mediated knockdown, JAK inhibitors did not
have any signi�cant effect on sphere size or viability in hICN clones for both the cell lines (Figure C i-iv).
Under similar conditions, both the JAK inhibitors signi�cantly suppressed the sphere   forming ability of



Page 8/31

BHes1 clones for both the cell lines. Overall, these results clearly suggested the involvement of JAK-STAT
signaling in maintenance of stemness in Notch-pathway inactive population of oral-SLCCs. 

Inhibitory effect of JAK-STAT signaling inhibition on the cells with inactive NOTCH-pathway strongly
demonstrated that these two pathways may act as synthetic lethal pair against oral-SLCCs. Therefore, to
explore this possibility we tested three different cell lines GBC02, SCC029 and SCC070 using the
pharmacological inhibitors to block NOTCH- and JAK-STAT pathways.  First, these small molecule were
added at single cell stage and spheroid formation was monitored for 5 days without renewing the drugs.
Representative images of generated spheroids under each condition is given in supplementary �gure S.7.
The generated spheroids were quanti�ed by AlamarBlue and given in Figure 5A. As expected, inhibition of
NOTCH-pathway by LY or RO did not result in loss of sphere formation and viability; whereas, both the
JAK inhibitors (Ruxo or Tofa) signi�cantly suppressed sphere formation in GBC02 and SCC029 cells.
Interestingly, all the three tested cell lines demonstrated signi�cant higher abrogation of sphere forming
e�ciency when a combination of LY or RO was used with Ruxo or Tofa (Figure 5A i-iii). 

Encouraged from these results, we next tested the e�cacy of synthetic lethal approach on the spheroids
after growing to the size on 60 µm  or more, for three different cell lines. First, the spheroids were allowed
to grow for 5 days for it to reach to the size of 60 µm  or more. LY, RO, Tofa or Ruxo was added to the
respective well alone or in combinations as indicated (Figure 5B, S.8) for 48 hrs. Very interestingly, the
NOTCH or JAK pathways inhibition alone did not result in any signi�cant loss in the spheroids viability;
however, the combination of both the pathways showed signi�cant loss in spheroid size and viability
(Figure 5B i-iii, Supplementary Figure S.8).

Loss in spheroids growth clearly suggested the inhibition of stemness in oral cancer cells by co-inhibition
of NOTCH and JAK-STAT signaling. Thus, we tested the effect of this synthetic lethal pair on inhibition of
tumor-initiating ability of oral cancer cells in the zebra�sh embryos. We treated the hICN and BHes1
clones of SCC070 cell line with the JAK inhibitors or DMSO under adherent culture conditions for 48 hrs.
Cells were harvested   and inoculated into zebra�sh embryos (48 hours post fertilization (hpf)). For each
condition, we took 14-15 embryos. Embryos were monitored for 5 days and images of the tumor bulk
were taken under �uorescence microscopy on day 3 and 5, post-inoculation. As observed previously, the
BHes1 clones generated more aggressive cancer as compared to the hICN clones (Figure 5C). Further, the
BHes1 harbouring embryos showed poorer survival (Figure 5D). Interestingly, the Ruxolitinib and
Tofacitinib treated cells had resulted in localized tumor formation and signi�cantly reduced tumor bulk as
compared to DMSO treated cells (Figure 5C). Also, the JAK inhibitor treated hICN and BHes1 clones had
higher number of live zebra�sh embryos post inoculation (Figure 5D), it was signi�cantly (p= 0.04 & p=
0.02) higher for bHES1 clones. These results indicated that the JAK inhibitors may potentially be used to
control the aggressive properties of oral tumors in combination with NOTCH-pathway inhibition. 

Discussion
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Cancer stem cell model suggests that the tumors cells are hierarchically organized, where SLCCs display
tumorigenic potential and occupy the top of the hierarchy. Through asymmetric cell division, SLCCs self-
renew themselves and differentiate into progenitor-like cells with higher proliferating property. The bulk of
the tumor population is differentiated cells and placed in bottom positions having with non-tumorigenic
ability (41, 42). However, subsequent recent studies have provided evidences of cellular plasticity; where
property of stemness may be achieved over time by differentiating subpopulation of cancer cells;
therefore, has challenged the unidirectional hierarchical model of cancer stem cells (43–46). Recently, we
have demonstrated similarities between hierarchal structure of normal mice oral mucosal basal layer and
population trajectories of oral cancer cells (38). In addition to harbouring oral epithelial progenitor cells
(OEPCs), the basal layer also accommodates maturing keratinocytes with co-expression of high levels of
cytokeratin 14 (CK14) and genes associated with both OEPCs and differentiation processes, representing
transitional intermediated cell states in basal cells of oral epithelium (47). Similarly, transcriptome states
of different phenotypic subpopulations derived by combining CD44, CD24 and Aldehyde dehydrogenase
activity (ALDH) phenotypes demonstrated that Oral-SLCCs were not limited to speci�c phenotypic
compartment but co-existed as transitional hybrid cell states with alternate phenotypes of differentiating
oral cancer cells. In our present study, we have provided the evidence of spontaneous transitioning of
oral-SLCCs on NOTCH-pathway activity axis (Fig. 2). Importantly, the inhibition of NOTCH-pathway
activity showed shifting of Oral-SLCCs towards hybrid state of stemness (Fig. 3). This observation
suggested that spontaneous inhibition of NOTCH-pathway may act as one of the mechanisms to acquire
alternate states of stemness in oral cancer cells. Maintenance of both active as well as inactive status of
NOTCH-pathway in oral cancer spheroids could be due to the lateral inhibition of NOTCH-signaling
induced by differential expression of NOTCH-receptor and -ligands and negative feedback between these
signaling molecules in oral cancer cells, as demonstrated in glioblastoma cells (48). However, this
possibility needs to be tested in future studies.

Crucially, the cellular plasticity is emerging as survival strategies, adapted by cancer cells, allowing to
transit to drug tolerant stem cell-like states in response to the stress induced by chemotherapeutic drugs,
in multiple cancers including oral cancer. Few of the earlier studies have demonstrated the activation of
NOTCH-pathway to be responsible for resistance against Cisplatin in oral cancer cells. In our study,
transient exposure to a sublethal dose (2µM) of Cisplatin was su�cient to induce higher expression of
NOTCH1/HES1 in 3D-spheroids which remained elevated even in the next generation of spheroids
formation without exposed to Cisplatin. Therefore, we have emphasized that the Cisplatin-refractory oral-
SLCCs switch to activated status of NOTCH-pathway to acquire drug tolerant state. Supporting to this
notion, Cisplatin selected oral cancer cells were found to express higher levels of SOX9 in an earlier study;
which is similar to our result, where SOX9 expression was elevated in spheroids after treatment with
sublethal dose of Cisplatin (Fig. 2). The SOX9 expression remained higher in the 2nd generation of
spheroids, generated from these Cisplatin refracted cells even in absence of Cisplatin. Thus, plasticity on
NOTCH-activity axis may provide the ability to Oral-SLCCs to emerge as drug tolerant population. Thus,
targeting this switch along with chemotherapy may provide better treatment outcome for oral cancer
patients.
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For better understanding of the molecular difference between Oral-SLCCs with Notch-pathway active or -
inactive status, we performed RNA sequencing experiment. Activation of JAK-STAT pathway was found
to be signi�cantly upregulated with NOTCH-Low status (Fig. 3). The activation of JAK-STAT signaling in
oral-SLCCs may have strong clinical signi�cance. While some studies have shown the suppressive role
(49, 50); several studies have provided evidence of activation of JAK-STAT signaling in oral cancer
progression, cancer cell proliferation, invasion and immunosuppression (51–54). Role of JAK-STAT
signaling as a crosslinker with other stemness regulating signaling pathways to confer self-renewal,
epithelial to mesenchymal transition and drug-resistance has been reported in various other cancer (55–
60). In the present study, Oral-SLCCs with NOTCH-inactivated status displayed higher proliferation and
sphere forming e�ciency as well as generation of more invasive xenografts in the zebra�sh embryo, with
poor survival of tumor bearing embryos (Fig. 1), supporting the tumor promoting role of activated JAK-
STAT signaling in oral cancer. Downregulation of STATs or pharmacological inhibition of JAKs in NOTCH-
inactivated oral-SLCCs signi�cantly abrogated the sphere-forming ability and aggressive behaviour of
xenografts in zebra�sh; clearly suggested that active JAK-STAT signaling is responsible for maintenance
of stemness in NOTCH-inactivated condition.

Interplay between NOTCH-pathway and JAK-STAT signaling has been shown to play pivotal role in cell
fate determination during development process. Genetic interaction between these two signalling
pathway seems to be highly diverse. Depending on the developmental context, these two pathways
interact either as upstream or downstream regulators of each other (61). Like, active JAK-STAT signaling
was shown to be responsible for proliferation of intestinal stem cells (ISCs) in Drosophila. The activated
NOTCH-pathway is found to restrain the JAK-STAT signaling through downregulation of its signaling
activator unpaired (upd), resulting in differentiation and suppression of proliferation in ISCs (62).
However, active JAK-STAT signaling is shown to activate NOTCH-pathway and proliferation of ISCs in
response to bacterial infection in the gut (63). On the other hand, in Drosophila ovary, the JAK-STAT
dependent stalk-cells and NOTCH-dependent main-body follicle cells setup the boundary between them
by mutual inhibition of these pathways (64). In vertebrates, a synergy between these two pathways was
demonstrated in neuroepithelial cells of mouse. Here, the Hes1 protein is found to act has cytoplasmic
scaffold protein to physically interact with STAT3 and recruit it to JAK2 for phosphorylation of STAT3 in
neuroepithelial cells (65). Interplay between these two signaling pathways is also found in Toll-like
receptors (TLRs) mediated activation of human primary monocytes. In response to the bacterial infection
of after TLR induction, NOTCH-ligand, DLL1 expression was found to be driven by STAT3 mediated
transcription. In positive feedback manner, recombinant DLL1 was responsible for STAT3
phosphorylation in monocytes. Collectively, these results clearly suggested the NOTCH and JAK-STAT
pathways interact in context dependent manner for driving important and diverse physiological effects.
Thus, interplay between these two important signaling pathways may play important role in cancer;
however studies are largely missing. A report in breast cancer cells has demonstrated the non-canonical
activation of NOTCH as upstream regulator of IL6 mediated activation of JAK-STAT pathway (66). Our
observation are suggesting the possibility of lateral inhibition and bidirectional cross-talk between signal-
sending and receiving cells, resulting in spontaneous existence of NOTCH-active and inactive
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subpopulations with differential status of JAK-STAT signaling and overall state-transition in oral-SLCCs.
Therefore, it will be crucial to investigate the intermediate molecular events connecting these two
pathways in cancer cells as well as spatial arrangement of these diverse subpopulation within the tumor.

Further, an elegant study by Longanathan et al. clearly demonstrated that the NOTCH-pathway
inactivation is a common event in HNSCC, even when the components of the pathway are not directly
mutated or involved (67). This study has estimated that 67% of human HNSCC patients have inactive
status of NOTCH-pathway. Thus, our discovered synthetic lethal interaction between NOTCH and JAK-
STAT pathway may have crucial clinical signi�cance. Combinatorial approach of targeting both NOTCH
and JAK-STAT pathway has been tested for pancreatic cancer where these pathway are known to be
activated in large number of patients and combined inhibition of the pathways was found to be superior
to monotherapies in pancreatic cancer progression (68). Future investigations will be required to de�ne
the status of NOTCH and JAK-STAT-pathway in oral tumors to act as potential biomarker for adapting
this promising combinatorial treatment strategy, targeting both these pathways as novel therapeutic
approach. Moreover, the loss of function of NOTCH is also common in squamous cell carcinoma of skin,
esophagus, uterine cervix, and lung. Thus, our �ndings may have wider implications in other cancers
beyond the gingivobuccal oral cancer or HNSCC.

Conclusion
The genomic landscape of oral cancer suggest that this is mainly driven by tumor suppressor genes.
Thus, developing mutation based targeted therapy is challenging. Therefore, alternative factors need be
identi�ed on which these cancer cells show dependencies in context to the loss of function of any of
these speci�c tumor suppresser genes; as synthetic lethal approach. Since NOTCH-inactive gingivobuccal
oral cancer cells showed dependency on JAK-STAT pathway for maintaining stemness, this may act as
potential synthetic lethal target against stemness in gingivobuccal oral cancer with loss of function
phenotype of NOTCH-pathway.

Materials And Methods
Cell lines and culture condition:

OSCC cell lines, GBC02 and its derivatives pLenti-GFP, hICN-GFP, hHes1-GFP and BHes1-GFP clones were
cultured in Epilife with 2% FBS (GIBCO), 1X Antibiotic-Antimycotic (Anti-Anti),and supplemented with 1X
B27 (Cat.#12587010; Thermo-Scienti�c), Hydrocortisone (0.4 µg/ml; Cat. #H6909; Merck), EGF (20 ng/ml;
Cat.# PHG0311; Thermo-Scienti�c) and human basic FGF (20 ng/ml; Cat. # PHG0261; Thermo-
Scienti�c). SCC029, SCC032 were cultured in Minimal Essential Medium (MEM) with 10% FBS and 1X
Anti-Anti, SCC070 and derivatives pLenti-GFP, hICN-GFP, hHes1-GFP and BHes1-GFP clones were cultured
in Dulbecco’s Modi�ed Eagle Medium (DMEM) with 10% FBS, and 1X Anti-Anti. The cells were cultured
and maintained either in 60 mm/100mm plate or T-25 �asks as an adherent monolayer at 37°C in a 5%
CO2 atmosphere in respective culture media. All cell lines were maintained at their logarithmic phase of
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growth before each experiment and plated when it reached 70% of con�uency. Lower passage cell lines
were used for the experiments. 

3D-spheroid culture of OSCC cell lines:

GBC02, SCC029, SCC032, SCC070 and the respective derived clone cells were plated at a density of 5000
cells/mL in cell line speci�c 1X growth factor media as mentioned in the cell culture section and were
supplemented with 1X B-27 (Cat.#12587010; Thermo-Scienti�c), Hydrocortisone (0.4 µg/ml; Cat. #H6909;
Merck), EGF (20 ng/ml; Cat.# PHG0311; Thermo-Scienti�c) and human basic FGF (20 ng/ml; Cat. #
PHG0261; Thermo-Scienti�c) in 1.25% Geltrex (Cat. # A14132-02, Invitrogen) for 3D-spheroid cultures in
96-well or 6-well ultra-low attachment plate (Corning).  On every alternate day the spheres were
supplemented with 5X growth factor media. As indicated, drugs were either added along with the seeding
of the cells or on 5th day of generation of 3D-sphere with average diameter of 60µm. Images have been
taken every day during the experiment using inverted phase contrast microscope (CKX41SF, Olympus)
and by EVOS-M7000 (Cat#AMF7000, Thermo �sher Scienti�c) �uorescence microscope. All Images are
the representative of multiple �elds taken at 10X magni�cation. Bar represents 275µm. Individual 3D-
sphere diameter has been measured by ImageJ software (ImageJ 1.50e).  

RNA extraction, cDNA preparation and qRT-PCR:

The 3D-sphere was collected  by centrifugation at 800g for 5 minutes. 3D-sphere pellet was immediately
lysed in RLT-plus buffer (RNA-Easy plus kit, Qiagen) with beta-mercaptoethanol. Total RNA was extracted
using RNA-Easy plus kit (Cat#74034, Qiagen) as per the manufacturer’s instructions. Extracted total-RNA
was quanti�ed using the Nanodrop quanti�cation system (Thermo-Scienti�c). 500 ng of total RNA was
converted to cDNA using Verso cDNA synthesis Kit (Cat# AB1453A, Thermo-Scienti�c) according to the
instructions of the manufacturer. 1/20th of the cDNA has been used for Real-Time PCR which was
performed on BioRad CFX96 Real-Time PCR system (BioRad) Using SsoEva Green SYBR mix (Cat# 172-
5203, BioRad). The gene expression level was normalized with housekeeping gene GAPDH as
endogenous reference and plotted as relative normalized expression with the help of CFX96 Maestro
software (BioRad). Primers used for the real-time PCR analysis were as tabulated. 

RNA sequencing and pathway analysis:

The bulk RNA sequencing was done using Illumina HiSeq2500. Quality assessment was done by using
Agilent Bio-analyser 2100 with Agilent nano kit. Library was prepared using TruSeq Standard Total RNA
Library prep kit. Generated data was processed by the core facility of National Institute of Biomedical
Genomics (NIBMG), Kalyani. Signi�cant (p value ≤0.05) differentially upregulated and downregulated
(log2 fold change ≥2)) genes were analyzed for pathway enrichment by Gene Set Enrichment Analysis
(GSEA) and Cytoscape software. 

Small molecule inhibitors and siRNA:
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LY4575 and RO4929097, the gamma-secretase inhibitors,  and Ruxolitinib (INCB08424)- inhibitors for
JAK1/2, and Tofacitinib (CP-690550) inhibitors for JAK3 were purchased from selleckchem. were also
obtained from selleckchem. For in-vitro experiments LY, RO, Tofacitinib and Ruxolitinib were prepared as a
10mM stock in dimethyl sulfoxide (DMSO) (Sigma). For treatment of LY, RO, Tofacitinib, Ruxolitinib the
5µM and in combination 5µM+5µM concentrations were used, DMSO was used as vehicle control. For
siRNA mediated transient knock-down, cells were seeded a day before and on the next day interferin
mediated transfection was performed with respective siRNA. The siControl was kept as negative control
for the protocol. The knock-down e�ciency was assessed by qRT-PCR for each siRNA. 

Lentivectors and Transduction of OSCC cell lines:

To mimic the genetically active and inactive state of Notch pathway in-vitro we have generated
Constitutive Notch pathway active and in-active OSCC clones were generated by lentivector mediated
transduction of PLenti.CMV.GFP.Puro (Addgene#17488), EF.hHES1.Ubc.GFP (Addgene#17624),
EF.deltaBHES1.Ubc.GFP (Addgene#24982), EF.hICN1.Ubc.GFP (Addgene#17626). Recombinant
Lentivectors were produced by transient transfection of transducing vectors into HEK293T cells with
packaging vectors, a plasmid expressing the HIV-1 gag/pol, tat, and rev genes. Lentivector transfection
and e�ciency was validated by GFP reporter expression in �uorescence microscopy, FACS based
phenotyping and mRNA expression was assessed by qRT-PCR. To get the pure population of the
transduced cells, cells were GFP sorted and expanded. 

MTT assay: 

IC50 of cisplatin was measured by MTT assay. 4000 cells per well are seeded in triplicates in 96 well
culture plates (Eppendorf) for each condition. On next day cisplatin was added along with the Notch
pathway inhibitors and kept for another 72 hours ( 3 days). On day 4, 10 μl of MTT reagent (Cat # M5655;
Sigma) is directly added into the wells at �nal concentration of 1 mg/ml and incubated for 4 hours. Later,
media is removed completely from each well and the developed formazan crystal is dissolved in DMSO.
The triplicate absorbance values are recorded using softmax pro software on Spectramax (SpectraMax
M2) and IC50 values were calculated based on the viability of the control and treated cells.   

CT-Violet dye dilution assay: 

Cells were acquired at 70% of con�uency and stained with CT-Violet dye (Cat # C34557, Invitrogen) as per
the manufactures protocol. 1x105 stained cells were processed for FACS based analysis of baseline
�uorescence at Day 0 for CT-Violet staining in BV421 channel using �ow cytometry. Rest of the cells were
allowed to proliferate for 4 days and subsequently subjected to �ow cytometry based sorting. Cells were
sorted as CT-Violet- High or - Low cells from the stained population, by making gates for 10% top and
bottom stained cells, respectively. These cells were plated for sphere formation as well as collected for
 qRT-PCR based analysis of mRNA expressions.  

AlamarBlue assay:
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To follow the viability of 3D-spheres after the treatment duration, 10ul of AlamarBlue dye (AlamarBlue,
Cell Viability Assay, Cat# DAL1025, Life Technologies) was added in a 100 ml 3D-sphere containing
culture medium in the 96 well ultra-low attachment plates. On next day (~14 hrs incubation) 80ul from
each well was collected in Flat Bottom black polystyrene assay plate (Costar Cat # 3915, Corning) and
 the �uorescence reading  was taken by using 560 nm wave length of excitation and 590 nm for emission
wave length using Spectramax (SpectraMax M2). 

Western blotting:

Cells and spheres from control and treated conditions were twice washed with chilled (4°C) PBS and were
lysed in RIPA buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1mM EDTA, 0.5 % sodium deoxycolate, 0.1%
SDS, and 1% Triton X-100 with freshly added 1X sodium vanadate, 1X protease and phosphatase
inhibitors). Lysates were incubated on ice for 30 min with vortex at every 5 minutes followed by
centrifugation at 10,000g for 20 min at 4°C. Supernatants were collected in fresh prechilled tubes as total
protein lysate sample. Protein concentrations were estimated with the BCA protein assay kit (Pierce,
23227). For each sample, 30 μg of lysates were boiled at 95°C in the DTT containing 1X gel loading,
reducing buffer and samples were separated on a 10% Bis-acrylamide gel and transferred onto a
nitrocellulose membrane. 5% non-fat dried milk in TBST was used to block the membrane for 1 hour at
room temperature, and immunoblotted overnight at 4°C using primary antibodies diluted in TBST.
Following the incubations with primary antibodies, membranes were incubated with either horseradish
peroxidase (HRP)-conjugated secondary anti-mouse-IgG (Invitrogen-Cat#31430) or anti-rabbit-IgG
(Invitrogen-Cat#31460) antibodies. Membranes were developed with ECL substrate for imaging by
BioRad ChemiDoc. 

Zebra�sh xenograft:

Experiments with Zebra�sh were approved as per the guidelines of Government of India. Zebra�sh
(AB/Tuebingen) embryo of 48 hours post fertilization (hpf) were maintained in the 1X E3 medium (5 mM
NaCl 0.17 mM KCl 0.33 mM CaCl2 0.33 mM MgSO4 5 % methylene blue), were dechorionated manually
and were treated in the anaesthetic Tricaine (3-amino benzoic acid ethyl ester). Anesthetized embryos
were placed in a grooved petri dish containing solidi�ed 1XE3-agarose. GFP positive OSCC cells from
experimental conditions were injected at 100 cells/ 5nL into the yolk sac cavity of the embryos by
Eppendorf's electronic microinjectors FemtoJet 4i (FemtoJet® 4i, Cat#5252000013). Post injection,
embryos were maintained in a 32°C incubator, to facilitate the growth of human cells in embryos. Fishes
were monitored and deaths were recorded for a maximum period seven days post injection. Fluorescent
imaging was performed using EVOS M7000 and Nikon laser scanning confocal microscopy after
anesthetizing using tricaine solution. For survivability analysis of the Zebra�sh embryos, live or dead
embryos were tabulated as 1 or 0 against day 0, 3, 5, 7 post injection of OSCC cells for each conditions.
The survivability analysis and graphs were generated by ‘survival curve in survival analysis’ option in
GraphPad prism software. 
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Quanti�cation and statistical analysis:

All quantitative data were presented as means ± S.E.M from experiments performed in triplicates and
from two or three biological repeats. Statistical analysis was performed using two-sided paired or
unpaired t-tests. p values ≤ 0.05 were considered statistically signi�cant. All the statistical details of
experiments can be found in the respective methodology and �gure legends. 

List of primary antibody used in the study:

Antibody Source Identi�er

Beta-Actin Mouse monoclonal Abcam ab8226

NOTCH1-activated Rabbit polyclonal Abcam ab8925

HES1 Rabbit polyclonal Abcam ab71559

SOX2 Rabbit polyclonal Abcam ab97959

SOX9 Rabbit polyclonal Abcam Ab26414

Jak1 Rabbit monoclonal Cell Signaling 3344

Phospho-Jak1 Rabbit monoclonal Cell Signaling 74129

Jak2 Rabbimonoclonal Cell Signaling 3230

Phospho-Jak2 Rabbit monoclonal Cell Signaling 8082

Jak3 Rabbit monoclonal Cell Signaling 8827

Phospho-Jak3 Rabbit monoclonal Cell Signaling 5031

STAT1 Rabbit polyclonal Abclonal A12075

Phospho-STAT1 Rabbit polyclonal Abclonal AP0453

STAT3 Rabbit polyclonal Abclonal A1192

Phospho-STAT3 Rabbit polyclonal Abclonal AP0070

STAT4 Rabbit polyclonal Abclonal A6991

Phospho-STAT4 Rabbit polyclonal  Abclonal AP0137

 

List of primers (F= forward and R= reverse primer) used in the study 
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Sl. No. Gene Primer sequence (5’-3’)

1 18s_F GTAACCCGTTGAACCCATT

  18s_R CCATCCAATCGGTAGTAGCG

2 GAPDH_F GGTGGTCTCCTCTGACTTCAACA 

  GAPDH_R GTTGCTGTAGCCAAATTCGTTGT

3 ABCG2_F CACAAGGAAACACCAATGGCT

  ABCG2_R ACAGCTCCTTCAGTAAATGCCTTC

4 ALDH1A1_F GATGCCGACTTGGACAATGC

  ALDH1A1_R TCTTAGCCCGCTCAACACTC

5 Nanog_F CAGCCCCGATTCTTCCACCAGTCCC

  Nanog_R CGGAAGATTCCCAGTCGGGTTCACC

6 MYC _F GGACCCGCTTCTCTGAAAGG 

  MYC_R TAACGTTGAGGGGCATCGTC 

7 KLF4_F GGACACAGGGGATGATGC

  KLF4_R CGCGTAATCACAAGTGTG

8 Oct4_F GACAGGGGGAGGGGAGGAGCTAGG

  Oct4_R CTTCCCTCCAACCAGTTGCCCCAAAC

9 SOX2_F AGTATCAGGAGTTGTCAAGGC

  SOX2_R AGTCCTAGTCTTAAAGAGGCA

10 SOX9_F CCTGCCCGTTCTTCACCGAC 

  SOX9_R GCTCTGGAGACTTCTGAACGAGAGC

11 CK1_F GATTGCCACCTACAGGACCC 

  CK1_R ACAGACACACTCACGTTCGG

12 CK5_F ATCACCGTTCCTGGGTAACA 

  CK5_R AGGCACTAGTGGGTTGGGAG

13 CK10_F AGAAGGTCGCTACTGTGTGC 

  CK10_R TTCTGGCACTCGGTTTCAGC

14 CK14_F CCCAGTTCTCCTCTGGATCG 

  CK14_R GCAGGAGAGGGGATCTTCCA
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Figure 1

Maintenance of stemness in both NOTCH-pathway active and inactive Oral-SLCCs.

A-C. Average sphere number (>60 μm) in LY and RO treatment compared to DMSO (0.01%) control in
SCC029, SCC032 and SCC070 cell lines and the lower panel of the bar graphs shows the representative
bright �eld images from each treatment condition of the respective cell lines, scale bar= 60μm. D,E.
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Relative normalized mRNA expression of NOTCH1, HES1, ABCG2, ALDH1, SOX2, SOX9, CK10 and CK14 in
Control (0.01% DMSO) and LY, RO treated spheres of GBC02 and SCC070by qRT-PCR. F. The dot plots
represents the sphere diameter (μm) distribution in pLenti, hICN, hHes1 and BHes1 clone cells of GBC02
and SCC070 cell lines G.The bar graphs represent changes in average spheres numbers in pLenti, hICN,
hHes1 and BHes1 clone cells of GBC02 and SCC070 cell lines. H. Relative normalized mRNA expression
of ALDH1, SOX2, SOX9, CK10 and CK14 in pLenti, hHes1, hICN and BHes1 spheres of GBC02 and SCC070
by qRT-PCR I.Representative in-vivo zebra�sh images, GFP regions shows the tumor formed from the
injected GFP positive OSCC cells. J. The line graph shows the survivability of the zebra�sh embryos
injected with pLenti, hICN, hHes1 and BHes1 clone cells of SCC070. K. Survival analysis for NOTCH1-high
or -low expressing HNSCC patients in TCGA-cohort, using GEPIA tool. * indicates pvalue < 0.05; **
indicates p value < 0.01; *** indicates pvalue < 0.001; N.S= Non-signi�cant.
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Figure 2

Plasticity between NOTCH-pathway active and inactive status of Oral-SLCCs. A. The bar graphs
represents the categorized <70 μm, 70-100 μm and >100 μm of spheres into 1’, 2’ and 3’ (primary,
secondary and tertiary) spheres from hHes1 and BHes1 clones of SCC070 cells. B. Relative normalized
mRNA expression changes of ALDH1A1, SOX2, HES1, cMYC, CK10 and CK14 in <70μm and >100μm
spheres from SCC070 by qRT-PCR, scale bar= 60μm C. The bar graphs represents average sphere
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numbers in 2’ (secondary) sphere culture  from 1’ <70μm and >100μm spheres of SCC070 cells, scale
bar= 60μm D. The relative normalized mRNA expression of ALDH1, SOX2, HES1, cMYC, CK10 and CK14
in CT violet low and high spheres generated from SCC070 cells. E. Schematic diagram of cisplatin
treatment of 1’ spheres and, subsequent dissociation of primary spheres into single cells for 2’ sphere
plating. F-G. Relative normalized mRNA expression changes of ALDH1A1, SOX2, SOX9, cMYC, NOTCH1,
HES1, cMYC, CK1 and CK5 in control and cisplatin 1’ spheres and in 2’ spheres generated from 1’ control
and cisplatin treated spheres of SCC070 by qRT-PCR. * indicates pvalue < 0.05; ** indicates p value <
0.01; *** indicates pvalue < 0.001; N.S= Non-signi�cant.
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Figure 3

JAK-STAT pathway activation in NOTCH-inactive Oral-SLCCs: A. The pathway enrichment analysis has
shown signi�cant upregulation of top 8 biological pathways in Notch-inactiveBHes1 spheres. B.i. Gene
Set Enrichment Analysis (GSEA) of differentially expressed genes between hHes1 and BHes1 spheres has
shown signi�cant enrichment of interferon response related genes ii. And of in�ammatory response
genes, in Notch-inactive BHes1 cells C. Venn diagram overlap of Notch-active, Notch-inactive and JAK-
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STAT genes has shown signi�cant co-expression of JAK-STAT genes in Notch-inactive Oral-SLCC l
D.Comparison of gene expressions of unique-upregulated Oral-hybrid SLCC, which is more like progenitor
in nature shown signi�cant co-expression in Notch-inactive state compared to unique-upregulated genes
in Oral-SLCC, which more like stem cells E.Western blots of JAK-STAT proteins in their original and
phosphorylated state has shown upregulation of signaling activity in Notch inhibited spheres compared
to the control.
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Figure 4

NOTCH-inactivated Oral-SLCCs shows dependency on JAK-STAT pathway. A. i-ii. Representative 10X
images of the spheres from hICN and BHes1 cells of SCC070 and GBC02, treated with siSTAT3, siSTAT4.
siControl was kept as control. scale bar= 275μm B.i-ii. The bar graphs shows changes in viability of hICN
and BHes1 cells of SCC070 and GBC02, treated with siSTAT3, siSTAT4 and siControl was kept as control
C.i-iv. The dot plots represents the sphere diameter distribution and viability changes in Tofa. and Ruxo.
treated spheres of hICN and BHes1 cells from GBC02 (i-ii) and SCC070 (iii-iv) cell lines. * indicates p value
< 0.05; ** indicates p value < 0.01; *** indicates p value < 0.001; N.S= Non-signi�cant.
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Figure 5

NOTCH-HES and JAK-STAT pathways acts in synthetic lethal manner: A. i-iii. The bar graphs represents
viability of spheres of GBC02, SCC029 and SCC070 cell lines, where NOTCH-pathway was inhibited by LY
and RO from the time of plating and JAK inhibitors, Tofa. and Ruxo. were added on 5th day of sphere
formation and followed for another 48 hours. B.i-iii. The bar graphs represents viability of spheres of
GBC02, SCC029 and SCC070 cell lines, where spheres were �rst allowed to generate and grow. On 5thday
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of sphere formation Notch-pathway inhibitors (LY, RO) and JAK inhibitors (Tofa., Ruxo.) were added alone
or in combination for 48 hrs. C. Representative in-vivo zebra�sh images, where the GFP regions shows the
tumor formed from the injected, Ruxo and Tofa pre-treated hICN or BHes1 clones of SCC070. D. The
graph shows the survivability of the zebra�sh embryos injected with Ruxo. and Tofa. pre-treated hICN and
BHes1 cells of SCC070. *indicates p value < 0.05; ** indicates p value < 0.01; *** indicates p value <
0.001; N.S= Non-signi�cant.
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