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critical endpoints (Figure 2F and G, Supplementary Figure
2D, available at Carcinogenesis Online). Because UNC3866 is
capable of inhibiting CBX7, we treated CBX4-depleted cells
with UNC3866 to determine if the phenotypic changes we ob-
served could be due CBX7 inhibition. We found no changes
in spheroid number or rate of invasion when CBX4-depleted
cells were treated with UNC3866, indicating that this inhibitor
function works through CBX4 (Supplementary Figure 3A and
B, available at Carcinogenesis Online). An important goal
was to determine if CBX4 was a valid target in vivo. To de-
termine this, we injected 2.5 10° spheroid-derived cells sub-
cutaneously into the anks of nude mice and monitored tumor
growth in Control- and UNC3866-treated mice. Tumors of
UNC3866-treated mice were markedly smaller than controls
(Figure 2H). These ndings indicate CBX4 is a key driver of the
CSC phenotype in SCC.

CAF-secreted IL-6 regulates CBX4 expression

Because of the demonstrated importance of CBX4 to the CSC
phenotype, we next sought to elucidate the mechanism be-
hind the CAF activation of CBX4. We screened for secretome
components that were enriched in CAF-CM compared with
NF-CM and identi ed IL-6 levels as signi cantly elevated
(Figure 3A). While the expression of multiple cytokines was
altered in the CAF population compared with normal adja-
cent broblasts, we decided to focus on IL-6 due to fact that it
was one of the more highly enriched factors in our screen, and
its ability to activate STAT3, which we have previously linked
to regulation of Np63 and the CSC phenotype (6). To de-
termine if IL-6 was the key component of the CAF secretome
stimulating expression of CBX4, we treated with recom-
binant IL-6 (R-1L6) and found increased protein expression
of CBX4 in the presence of R-IL6 (Figure 3B, Supplementary
Figure 4A, available at Carcinogenesis Online). To assess
whether R-IL6 induction of CBX4 was suf cient to stimulate
the CSC phenotype, we monitored spheroid formation, inva-
sion and migration following treatment with R-1L6 and found
that each of these key endpoints was elevated in response to
R-IL6 (Figure 3C E). To further validate the role of IL-6 in
the activation of CBX4 and determine if inhibiting upstream
regulators of CBX4 was a potential therapeutic strategy, we
utilized the monoclonal antibody Tocilizumab (which com-
petitively inhibits the binding of (IL-6) to its receptor (27))
in the context of R-IL6 treatment. We found that whereas
R-IL6 stimulated CBX4 expression, Tocilizumab was able
to suppress the R-IL6-induced increase in CBX4 (Figure 3F).
Furthermore, this is associated with a decrease in spheroid
number, as well as compromised invasion through Matrigel
(Figure 3G and H). Finally, to con rm that IL-6 was the key
component responsible for driving CAF-induced CBX4 ex-
pression, we utilized Tocilizumab in the presence of CAF-CM,
and again saw CBX4 expression was reduced (Figure 3l).
This evidence indicates that CAF-secreted IL-6 induces the
expression of CBX4 and stimulates the CSC phenotype, and
that blocking IL-6 signaling with Tocilizumab is a means for
impairing CAF activation of CBX4 and the CSC phenotype.

IL-6-mediated JAK/STAT activation is necessary for
IL-6-induced CBX4

Canonical IL-6 signaling leads to the activation of JAK/STAT
(28,29). Our nding that IL-6 was capable of inducing CBX4
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expression prompted us to ask whether JAK/STAT down-
stream of IL-6 was involved in CBX4 regulation. We assessed
the impact of CAF-CM media on JAK/STAT signaling and
observed increased JAK2 and STAT3 activation in CAF-CM
(Figure 4A). To con rm IL-6 was responsible for the increase
in JAK2 and STAT3, we monitored the ability of Tocilizumab
to suppress JAK2 and STAT3 phosphorylation in the presence
of CAF-CM (Figure 4B). To further assess the importance of
JAK2 signaling in the regulation of CBX4, we utilized the JAK
inhibitor AZD1480 (30). We found that JAK inhibition effect-
ively reduced CBX4 expression (Figure 4C, Supplementary
Figure 4B, available at Carcinogenesis Online). Additionally,
JAK inhibition targeted the CSC phenotype; it reduced
spheroid formation, invasion and migration (Figure 4D F).
Furthermore, these changes in the CSC phenotype appeared
to be dependent on the ability of STAT3 to be activated by
JAK2, as expression of constitutively active STAT3, STAT3C, is
able to rescue the compromised spheroid formation and inva-
sion seen with JAK inhibition (Figure 4G and H). Additionally,
STAT3C is able to rescue the expression of CBX4, further sug-
gesting that CBX4 expression is a key regulator of the pheno-
type (Figure 41). We showed previously that STAT3 is able to
drive the CSC phenotype, and this can be suppressed with
the STATS3 inhibitor STATTIC, an inhibitor of STAT3 activa-
tion, dimerization and nuclear translocation. Here we show
that treatment of STATTIC results in reduced CBX4 expres-
sion, further implicating STAT3 in the CAF-induced signaling
changes responsible for increased CBX4 expression (Figure 4J,
Supplementary Figure 4C, available at Carcinogenesis Onling).
These ndings indicate CAFs stimulate CBX4 expression
through an IL-6/JAK/STAT-dependent signaling network.

Np63 regulates CBX4 expression

Np63 isa transcription factor in the p53 protein family with
important functions in stem cell status, fate and differentiation
(26,31,32). Np63 has been linked to the SCC CSC pheno-
type (33 35) and we have shown previously that Np63 is a
critical regulator of CSC survival in SCC that is regulated by
STAT3 (6). Additionally, Np63 has been shown to regulate
the expression of CBX4 in thymic epithelial cells and keratino-
cytes (8,36). This prompted us to examine if Np63 was in-
volved in CBX4 regulation in this context. In that regard, we
created pan-p63 CRISPR-depleted cells and observed a reduc-
tion in CBX4 protein level that was rescued with the reintro-
duction of Np63 into the pan-p63-depleted cells (Figure 5A,
Supplementary Figure 4D, available at Carcinogenesis Onling).
Following this, we sought to identify whether Np63 was re-
quired for STAT3 activation of CBX4. To do this, we expressed
STAT3C in the presence of p63-sgRNA and monitored CBX4
expression. As shown in Figure 5B and Supplementary Figure
4E, available at Carcinogenesis Online, STAT3C is unable
to induce CBX4 expression in the context of p63 depletion.
Furthermore, STAT3C expression is not capable of rescuing
spheroid formation and invasion when p63 is depleted (Figure
5C and D). To further demonstrate Np63 is downstream of
STAT3 and necessary for STAT3-mediated activation of CBX4,
we expressed Np63 in the context of STAT3 inhibition with
STATTIC (37). Western blotting showed that Np63 ex-
pression can maintain CBX4 expression despite inhibition of
STAT3 (Figure 5E). Having shown previously that Np63 is
critical to the CSC phenotype, we next sought to determine if

Np63 was driving the CSC phenotype through regulation
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Figure 3. IL:6 is responsible for the CARstimulated upregulation of CBX4. (A) Chemokine dot blot array of normal and CAF. (B) Spheroids were grown for
8 days then IL-6 was added to the media for 48 h and lysates were collected for immunoblot. (C) HSC-5 cells (4  10%) were plated in spheroid growth
conditions, and at the time of seeding, 0 or 10 nmol/L R-IL:6 was added. Incubation continued for 9 days, and the spheroid number was counted at each
time point. (D and E) HSC-5 spheroid-derived cells were seeded for invasion and migration assays — R-I.-6 and monitored over time. (F) Spheroids were
grown for 8 days with R-IL:6 with or without Tocilizumab, and lysates were collected for immunoblots to detect the indicated epitopes. (G) HSC-5 cells
(4 10 were plated in spheroid growth conditions, and at the time of seeding, 0 or 10 nmol/L R-IL6 was added with or without 5 g/mlTocilizumab.
Incubation continued for 9 days, and the spheroid number was counted at each time point. (H) HSC-5 spheroid-derived cells were seeded for invasion
assays — R-IL.26 with or without 5 /ml Tocilizumab and monitored over time. (I) HSC-5 cells (4 10%) were seeded in spheroid growth conditions

with or without CARCM and Tocilizumab, and the spheroid number was monitored over time. (J and K) HSC-5 spheroid-derived cells were seeded for
invasion and migration assays in control or CARCM with or without Tocilizumab and monitored over time.

of CBX4. To do this, we expressed CBX4 in p63-depleted cells
(Figure 5F) and monitored the aggressive phenotype. While
spheroid formation and invasion are signi cantly impaired fol-
lowing p63 depletion, expression of CBX4 provided a partial
rescue of the phenotype, indicating CBX4 is a downstream me-
diator of the Np63 driven CSC phenotype.

Discussion

In the CSC model, a fraction of cancer cells in the tumor
are capable of initiating and sustaining tumor growth (38).
CSCs possess many of the same features as normal stem cells,
including their slow-cycling nature and the ability to produce
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Figure 4. JAK/STAT is responsible for CAFstimulated upregulation of CBX4. (A) HSC-5 spheroids were grown in Control, NF or CARCM, and lysates
were collected for immunoblots of the indicated epitopes. (B) Spheroids cultured in Control or CARCM were treated with anti-IL6 Tocilizumab and
lysates were collected for immunoblots. (C) Spheroids were grown in CARCM and treated with 1 M of the JAK inhibitor AZD1480 and lysates were
collected for protein detection of the indicated epitopes. (D) HSC-5 monolayer cultures maintained in a growth medium were harvested and plated at 4

104 cells per well in spheroid growth conditions in CARCM with or without AZD1480 and the spheroid number was monitored for 9 days. (E/F) HSC-5
spheroids were trypsinized to form single-cell suspensions and reseeded for invasion and migration assays — AZD1480. (G) HSC-5 cells infected with
lentivirus expressing STAT3C or empty vector were seeded in spheroid growth conditions and treated with AZD1480 or DMSO at the time of seeding.
Spheroid number was monitored for 9 days. Representative spheroid images are shown from day 9 of growth. (H) Cells as described in (G) were
seeded in Matrigel invasion assays — AZD14800. (I) Immunoblots of the indicated epitopes following AZD1480 or DMSO treatment of empty vector
and STAT3C-expressing cells. (J) Immunoblots of the indicated epitopes following treatment of spheroids cultured in CARCM with DMSO or5 M
STATTIC. Scale bars, 200 m. *, **, P < 0.05 (the double asterisk indicates signi cance compared with the single asterisk group).
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Figure 5. STAT3 regulates CBX4 via the regulation of Np63 . (A) Control, p63-sgRNA and p63-sgRNA + Np63 -expressing cells were harvested for
protein for western blot. (B) Control, STAT3C, p63-sgRNA and STAT3C + p63-sgRNA-expressing cells were harvested for protein for western blotting of
the indicated proteins. (C) Control, STAT3C, p63-sgRNA and STAT3C + p63-sgRNA-expressing cells were seeded in spheroid growth conditions and the
spheroid number was monitored for 9 days. (D) Control, STAT3C, p63-sgRNA and STAT3C + p63-sgRNA-expressing cells were seeded on Matrigel-
coated membranes for an invasion assay, and the number of invading cells was counted after 24 h. (E) HSC-5 cells infected with lentivirus expressing

Np63 or empty vector were treated with STATTIC or DMSO and lysates were collected for immunoblot. (F) Control- and p63-sgRNA — CBX4-
expressing cells were harvested for protein and seeded in spheroid conditions (G), or invasion assays (H) and spheroid number and rate of invasion
were monitored, respectively, *, **, P < 0.05 (the double asterisk indicates signi cance compared with the single asterisk group).
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