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Abstract

Medulloblastoma (MB) is the most frequent malignant brain tumor in children and it is subgrouped into 4 entities (SHH,
WNT, Group 3, and Group 4). Molecular pathways involved in these different subgroups still are evolving and can be of
clinical relevance to therapy. The YAP1-CTGF axis is known to regulate cell proliferation, differentiation, and cell death;
however, its role in MB is poorly explored. We aimed to investigate the role of YAP1 gene in the MB SHH cell line DAOY
and evaluate cell proliferation, doubling time and 3D spheroids invasion and its consequence on CTGF regulation. We
assessed CTGF expression from 22 children with MB. Lastly, we validated our findings through in silico analysis in large
cohorts dataset of patients. We observed an increased invasion rate of DAOY cells and CTGF downregulation under YAP1
knockdown (p < 0.0001). Additionally CTGF is overexpressed in MB with extensive nodularity subtype and an indicative of
higher survival rates in pediatric MB (p <0.05). Interestingly, no difference of CTGF expression was observed between
molecular subgroups. These results provide new evidence of CTGF as a potential prognostic marker for MB, corroborating

to the role of YAPI in restricting MB cell.

Medulloblastoma, YAP1, and CTGF

Medulloblastoma (MB) is the most common malignant
brain tumor of childhood. Actual consensus considers MB
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as four subgroups with distinct clinical and molecular fea-
tures [1]. Although most patients show good response to
treatment, therapy may cause long-term side effects due to
the lack of personalized target therapies [2]. YAP1 (Yes
Associated protein 1) is a transcriptional co-activator pro-
tein that belongs to the Hippo signaling pathway and con-
trols organ size during embryonic development [3-5]. In
MB patients, YAPI is associated with poor prognosis and is
considered a potential target to therapy [3, 4]. YAPI acts as
a mediator of cell proliferation in cerebellar granule neural
precursors (GNPs) and drives resistance to radiation when
expressed [3, 4]. YAP! is amplified in some MB patients,
particularly, in the SHH subtypes;[6] however, the clinical
implications and pathway downstream activation that drives
various biological processes remain elusive [3, 4, 6].
Interestingly, YAPI play a role in tissue regeneration and
cell matrix stiffness [7]. These features place YAP1 as a
candidate protein for molecular medicine regeneration due
to its role in organ size control through CTGF (connective
tissue growth factor), restricting migration and stimulating
adhesion of various cell types [7, 8]. The dual role of this
molecule highlights YAP1 as an interesting candidate to be
exploited [9]. We found that YAPI upregulates CTGF
mRNA levels, and that CTGF overexpression is an
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indicative of superior survival rates in pediatric patients
with MB. Further, we validated our findings in a larger
dataset of MB patients. This rapid communication shed new
lights on CTGF, a downstream target of YAPI, as a
potential prognosticator marker for MB.

Depletion of YAP1 augments invasion rates
of MB cell line and downregulates CTGF, an
interesting gene which expression indicates
better survival rates

The efficiency of YAP1 depletion in DAOY cells stably
transduced with either shScrambled (shSCR) or (shYAP_#1
or shYAP_#2) was evaluated by Immunoblotting. Both
shYAP inducible vectors reduced YAP1 expression after
treatment with Dox (150 and 200 ng/ml) (Fig. la, b). To
assess cell viability and proliferation under YAP1 depletion,
CCKS viability assay and doubling time were performed.
Interestingly, YAP1 depletion leads to significant decrease
in cell proliferation and cell viability (Fig. lc, d). Similarly,
authors found YAP1 protein as a driver of proliferation in
GNP’s, cells with the same origin as DAOY [3, 4]. More-
over, ectopic expression of YAP1 in GNP’s triggered
oncogenic signaling pathways such as AKT/mTOR and
IGF2, key proteins related to cell cycle progression and
DNA repair mechanisms [3, 4]. Remarkably, depletion of
YAPI enhances cell invasion as shown by 3D spheroids
assay (Fig. le, f) (p<0.0001). YAP1 might restrict cell
migration and invasion due to its interdependence of
mechanotransducers, mechanical cues, cell matrix stiffness,
and cell—cell contact [9]. In epithelial cells, activation of the
tumor suppressor Hippo Pathway leads to phosphorylation
and degradation of YAPI and cell invasion promotion via
downregulation of E-cadherin and laminin, proteins impli-
cated in the Epithelial Mesenchymal Transition (EMT) [10].
These dual function of action warrant precaution regarding
therapeutic interventions involving inhibition of YAPI,
such as the use of Verteporfin in breast cancer, skin cancers,

and pancreatic cancer (Clinical trials number:
NCT02872064, NCTO00049959, and NCT02939274)
[11, 12].

YAPI1 triggers cytokines, mitogens, and downstream
proteins (MAPKs, Akt/mTOR, VEGF, and IGF2) leading to
aggressiveness and unfavorable outcomes in MBs [3, 4]. In
order to investigate a potential tumor suppressor feature of
YAPI and to better understand the results obtained in the
invasion assay, we elected to study CTGF, a canonical
downstream effector of YAP1 and promoter of adhesion in
cells [12]. We performed RT-PCR comparing YAPI
depleted cells with SCR cells (Control) and found a sig-
nificant decrease in fold-change expression (p>0.001)

(Fig. 1g), indicating a potential upregulation of CTGF by
YAPI. Interestingly, a YAPI/TEADI complex is recog-
nized, which binds to the site of CTGF gene and activates
its transcription [15-20]. This feature corroborates with our
hypothesis that YAP1 acts directly upregulating CTGF
[13-18]. Looking more closely to the potential role of
CTGF as a tumor suppressor factor upregulated by YAPI,
we evaluated in 22 MB samples the expression levels of
CTGF gene and assessed event-free survival (EFS) rates by
Kaplan—Meier curve and log-rank test, considering as
unfavorable events relapse or death. We observed that
patients showing CTGF low expression presented inferior
EFS rates when compared to patients which high expression
levels (27.3% +13.4% versus 71.6% +14%; P =0.04)
(Fig. 1h). Next, we decided to validate our findings in a
larger cohort utilizing a data set from GSE85217 study in
172 MB patients whose complete clinical data were publicly
available. A similar survival trend was observed, although
statistical significance for the comparison resulted only in a
borderline survival difference (P =0.056) (Fig. 1i). Addi-
tionally, we compared the expression levels of CTGF
regarding patient status, and the histological subtypes LCA
(large cell anaplastic) versus MBEN (medulloblastoma with
extensive nodularity) (Fig. 1j-1). Notably, the group of
patients alive and classified as MBEN subtypes had higher
levels of CTGF (p >0.001). Patients classified as MBEN are
associated with good prognosis and a low frequency of
metastasis compared to LCA and desmoplastic subtypes
[19, 20] (Complete Method description available at Addi-
tional supplementary file 1 and [21-23]). Additionally, we
sought to evaluate CTGF expression in MB molecular
subgroups, however, we did not find any significant dif-
ferences of CTGF mRNA levels comparing molecular
subgroups in two large MB cohort studies: (1) Microarray
data from Cavalli and colleagues (2017) (Fig. Sla and S2a),
(2) RNAseq from Pfister and colleagues (2017) (Fig. S2b
and Fig. S2c¢). Our findings suggest that CTGF is a marker
for medulloblastoma independent of molecular subgroups
and its transcriptional program is active at the micro-
environment niche of tumors in CNS (Fig. S3).

Conclusion

In conclusion, our data shed new light on a dual role of
YAPI in MBs and highlights the need for caution when
exploiting YAP1 as a therapeutic target. Likewise, YAP1
potentially drives proliferation and can restrict migration
through CTGF. Moreover, decreasing CTGF as a down-
stream consequence of YAPI inhibition might trigger cell
migration, potentially facilitating CNS tumor dissemination,
which is, one of the leading causes of death in MBs [24].
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<« Fig. 1 a Immunoblot showing the expression of YAP1 in DAOY

transduced with SCR vector, shYAP1 #1 and YAP1 #2 lentiviral
vector when incubated with 200 ng/ml of DOX [* <0.05]. b Repre-
senting graph of a, ¢ Knockdown of YAP1 after 24, 48, and 72 h leads
to decrease in cell viability. d Knockdown of YAP1 after 24, 48, and
72h leads to decrease in cell. e 3D spheroid invasion assay shows
significant increasing of migration/invasion process in DAQY cell line
after inhibition of YAP1 [*<0.05, ** <0.01, *** <0.001]. f Quanti-
fication of 3D spheroid assay using aCDc in three independent
experiments. g Decrease of CTGF after YAP1 knockdown in DAOY
cells [** <0.01]. h Kaplan—-Meier curve according to the CTGF gene
expression in 22 MB patients samples. The group with low levels of
CTGF presented significant lower event-free survival rates (Log-rant
test; P =0.04) i Kaplan-Meier curve according to the CTGF gene
expression in 172 MB patients samples. The group with low levels of
CTGF presented a trend to lower event-free survival rates (log-rant
test; P =0.058). j Expression of CTGF in groups of patients (dead
versus alive). 1 Expression of CTGF in groups of patients (LCA versus
MBEN versus desmoplastic versus classic histological subtype)

Although CTGF was identified here as potential prognostic
marker, more studies, particularly in animal models are
needed to elucidate its biological role in MBs.
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