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! Endometrial cancer is the most common gynecologic

malignancy. Undifferentiated /Dedifferentiated endometrial
carcinoma (UEC/DEC, UDEC) is aggressive, metastatic,
recurrent, and chemotherapy resistant. There is little
experience with novel treatment in case series. Real-world
experience 1s limited to conventional chemotherapy and/or
radiotherapy. There is not standard procedure for treatment
strategy for UDEC. Based on literature reported that high-
frequency mutations of PTEN mutation -related deregulated
downstream pathways of PI3K/AKT /mTOR and cell cycle are
more common in UDEC. We aimed that treatment with druggable
axis in combination of everolimus (mTOR inhibitor) and
palbociclib (CDK4/6 inhibitor) has potential to improve
clinical outcomes of women with UCEC to preclude single-
inhibitor initiated pathway rewiring and limit toxicity in
our established patient- derived xenograft (PDX) and
organoid models. We found that combination of everolimus
and palbociclib exhibited synergistic therapeutic effects
against cell lines, PDX and organoid model. Moreover, this
combination treatment significantly reduced tumor growth in
PDX model without resulting in weight loss in these mice.
Mechanically, RNA-sequencing and molecular pathway analyses
identified survivin as a significantly differentially
expressed gene in PDX treated with a combination of
everolimus and palbociclib versus control. Moreover,
survivin is a promising predictive marker and a potential
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therapeutic target in UDEC. Thus, our findings suggest that
the combination of everolimus and palbociclib reduces UDEC
progression by targeting survivin. This study provided
evidences on the value of PDX models for preclinical
testing of everolimus and palbociclib therapy in difficult-
to-treat gynecologic malignancies with UDEC.

undifferentiated /Dedifferentiated endometrial carcinoma -
everolimus ~ palbociclib ~ patient- derived xenograft -~
organoid ~ RNA-sequencing ~ survivin
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keywords : undifferentiated /Dedifferentiated endometrial carcinoma ~ everolimus ~

palbociclib ~ patient- derived xenograft ~ organoid ~ RNA-sequencing ~ survivin

This research project is a one-year project. It focuses on endometrial cancer, which is
the most common gynecologic malignancy. Undifferentiated /Dedifferentiated
endometrial carcinoma (UEC/DEC, UDEC) is aggressive, metastatic, recurrent, and
chemotherapy resistant. There is little experience with novel treatment in case series.
Real-world experience is limited to conventional chemotherapy and/or radiotherapy.
There is not standard procedure for treatment strategy for UDEC. Based on literature
reported that high-frequency mutations of PTEN mutation -related deregulated
downstream pathways of PI3K/AKT /mTOR and cell cycle are more common in
UDEC. We aimed that treatment with druggable axis in combination of everolimus
(mTOR inhibitor) and palbociclib (CDK4/6 inhibitor) has potential to improve
clinical outcomes of women with UCEC to preclude single-inhibitor initiated pathway
rewiring and limit toxicity in our established patient- derived xenograft (PDX) and
organoid models. We found that combination of everolimus and palbociclib exhibited
synergistic therapeutic effects against cell lines, PDX and organoid models. Moreover,
this combination treatment significantly reduced tumor growth in PDX model without
resulting in weight loss in these mice. Mechanically, RNA-sequencing and molecular
pathway analyses identified survivin as a significantly differentially expressed gene in
PDX treated with a combination of everolimus and palbociclib versus control.
Moreover, survivin is a promising predictive marker and a potential therapeutic target
in UDEC. Thus, our findings suggest that the combination of everolimus and
palbociclib reduces UDEC progression by targeting survivin. This study provided
evidences on the value of PDX and organoid models for preclinical testing of
everolimus and palbociclib therapy in difficult-to-treat gynecologic malignancies with
UDEC.
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UDEC * & DEC #_F PF i3 A& & L eh3 ¥ ) %% (undifferentiated endometrial
carcinoma)¥s 4 it 2 4F e+ F p S (differentiated endometrioid carcinoma) [2] &
Bl &H'] B o A 1Y 24FenF F N R ﬁ& “H A F > HF L Estrogen Receptor
positive/ Progesterone receptor positive ( i %a. ER+/PR+) ; 4p F e R A it end g p
R H LR RIRS >t ER-/ PR-/ p53+ (Figure B-1) [3]> #]#* §&/& UDEC
o LB v R EAR M 75 0B o 1A P I he 0 L
Mg 2 e ko Hing S ik SRR G R iR [4] 0 A AR 4 TRA B
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Figure B-1. Pathological findings of dedifferentiated endometrlal carcinoma (DEC).
The left upper area (arrow) is composed of fused glandular component and is thought
to be endometrioid adenocarcinoma grade 1. On the other hand, the right lower area
(arrowhead) shows cells with high nuclear/cytoplasmic (N/C) ratio proliferating
without any differentiation and is thought to be undifferentiated carcinoma. According
to these findings, this endometrial carcinoma is classified as dedifferentiated
endometrial carcinoma (A). For immunohistochemistry, endometrioid adenocarcinoma
shows ER (+) and PR (+), and p53 (-) (left upper area). Undifferentiated carcinoma
shows ER (-) and PR (-), and p53 (++) (right lower area) (B, C, D). Original
magnification, x40 [3].
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Figure B-2. The genomic landscape of undifferentiated endometrial carcinoma and

undifferentiated component of dedifferentiated endometrial carcinoma. [5].
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Figure B-3. Nuclear and cytoplasmic PTEN signaling. PTEN localizes to both the
cytoplasm and the nucleus and shuttles between each by a variety of mechanisms.
PTEN function is, at least in part, determined by its subcellular localization. The
‘classic’PTEN function is cytoplasmic and includes downregulation of AKT, which
increases p27 levels and thereby leads to apoptosis. By contrast, nuclear PTEN has a
variety of functions: downregulation of MAPK (ERK), leading to a decrease in cyclin
D1 levels and GO-G1 arrest; upregulation of RADS51 levels and double-stranded-break
repair; an interaction with CENP-C, which enhances centromere stability specifically

and overall genomic stability; and apoptosis [7].

(4) 7 & %k L WAL (patient-derived xenograft : PDX) # 3 #-3)
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Flgure B-4. Predlctlve biomarker development strategy in PDX models [12]
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Figure B-5. Workflow of female genital tract organoid culture establishment.
Successful formation and long-term maintenance of organoid models relies on starting
cell population and two fundamental exogenous cues, the extracellular matrix and
culturing medium. To set up a female genital tract organoid culture, a tissue biopsy is
obtained, minced and the cell population of interest is isolated. The generated cell pellet
is seeded on a culture plate with the addition of extracellular, and medium supplemented
with a cocktail of growth factors, Wnt and BMP (Noggin) signalling molecules and
hormones, which manipulate developmental pathways and ensure culture prosperity by
substituting the endocrine and paracrine signals that cells receive in their natural
environment, enabling tissue development, homeostasis and regeneration in cases of
tissue damage [14].
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Figure B-6. A reliable platform for cancer individualized medicine. The ex vivo culture
of ascites-derived tumor cells and in vivo models were developed for predicting
potential effective treatment regimens. All methods ended in a recommendation for a
specific therapy for a patient with malignant ascites on an individualized basis. Gene
sequencing and immunohistochemistry (IHC) staining were part of a comprehensive

approach to precise matching of novel therapies to patients.[13]
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Name Stock conc. 50ml
Wnt3a 50ug/ml, 1000x 1 ul
Noggin 100ug/ml, 1000x 2 ul
Rspol 200ug/ml, 1000x 50 ul
B27 50x 1000 ul
N-Acetylcyste|500mM, 400x 125 ul
Primocin 50mg/ml, 500x 100 ul
Nicotinamide|1M, 100x 500 ul
A83-01 50mM, 10000x 0.5 ul
FGF10 100ug/ml, 10000x 5 ul
Heregulin 100ug/ml 18.75 ul
Y27632 100mM, 20000x 25 ul
EGF 500ug/ml, 100000; 0.5 ul
Forskolin 10mM, 1000x 50 ul
Hydrocortisor250ug/ml, 500x 100 ul
E2 100uM, 1000x 50 ul
Glutamax 100x 0.5 ml
HEPES 1M, 100x 0.5 ml
P-S 100x 0.5 ml
AdDE+++ 46.4 ml
AdDE+++

Advanced DMEM/F12 contiaming 1x Glutamax, 10mM HEPES and 1% P/S
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(10) se3* 4 47:41* SPSS (version 22.0, SPSS, Inc., IBM, USA) & 47 > p & -] > 0.05
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Table 1. Preliminary patients baseline demographics, disease characteristics and

representative hematoxylin & eosin (H&E) staining histology images of PDX.

DEC-001 DEC-002 DEC-003 | UEC-004
Age 48 years old 68 years old 51 year old 53 year old
Stage VB 2000/1/18% 1 1B Jnp3afafeascr- IV 2024/1/10%ET WA 2003/4/351
MMR MMR-p MMR-p MMR-d MMR-p
(MLH1/PMS2-oss)
PDX-HE staining PDX PDX PDX

Schematic overview of
sample collection

2,

B2 ARIT 4 i::?;rs Mg & = PDX> e frF P w2 a R A @ % carboplatin 22 paclitaxel
B g ot Sk B pIEE N 0 B AR S o B
UDEC :}fi Ao ’}éﬁf—,’ﬁlf—/p/%‘#ﬁ 512 oo F)pL AN LiE 3 DECO03 - DECO04 it {7
WES 4 15 (Figure1) » 4-3f 8} 7% » 5 % # 4 & PDX-CNV 3 % 45§ > % % PDX &
He b SR - o
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(C) DECO004-Tissue
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Figure 1. Comparison of copy number varients (CNVs) according to the results of WES.

(2) ¥ 2B ¥ (Organoid)z
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Femmd uruws;gv ARG R T ey did AL s
FROCREESRARAS ¥ A meplthellal markers: pan-keratin, E-cadherin, PAX8
[18,19] » F]pt 2% 7% L #- organoid & {7 PAX8 %% & f“ 24 > FHF M organoid * %
I PAXS; ¥ ¢k iy -5 — u:“_:}}ia A :}ﬁalﬁ‘f’./w\ A @5’?—* ¥ N R fm 2 gy (endometrial
clear cell carcinoma) e7#s %8 735 % “horganoid » H §k 4 J PAX8 F-v 1% 5 5 {44t
P& %2 > 4 Figure 2 #75= » DEC-003-organoid /&>t PAX(-) » endometrial clear cell
carcinoma /§*t PAX(+) » F]J* organoid 7 %7 R if@ﬂ.ﬁ‘%%&@ﬁ fF

(A) (B) (©)
S o ¢ S, freiileoe,
' " " Q {%} o \{. -3" -
(D) (E)
*"\\ r-“ ’r‘.\.\- « e
e \ s
3 -, {8 ) fft.-’..._
* \\.//o HS i"'

Figure 2. Morphology and immunohistochemistry of organoid and patient’s tissue.
(A~C) The patient with DEC-003. (D~F) The patient with endometrial clear cell
carcinoma. (A, D) Phase-contrast for organoid. (B, E) Immunohistochemistry of
PAXS8(1:100) for organoid. (C, F) Immunohistochemistry of PAX8 (1:100) for
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patient’s tissue.

% {7 DEC-003 71 organoid ~ PDX & %8 £ 5 ¢ & 1 i€ 17 | 3| panel (72 genes)=<
£ & Z_A[20] > 1 * NGSCheckMate tool [21]F% _organoid £ J iﬂﬁ%‘«f&ﬂ[ﬁﬂ;&
99.18%#p iz » PDX + & i k k2.2 99.07%4p i1 » % 32 % organoid A2 %5 R
* ‘e 4 % (Figure 3) -
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g
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§
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Figure 3. Gene’s mutations profile comparison between organoid, PDX and formalin-
fixed, paraftin-embedded (FFPE) tumor tissue by using the QIAseq targeted DNA
panel DHS-005z that targeted 72 cancers associated. (A) The genetic identity of DEC-
003 patient’s organoid, PDX and FFPE tissue. (B) Oncoplots of gene mutations
identified in DEC-003 patient’s organoid, PDX and FFPE tissue. Only variants that
were called by a VMT > 4 and VAF > 5% was considered significant.
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At PTEN 4 % i3 g P WO > @& % %2 3X ) CDK4/6 #r4]#]-Palbociclib
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#-{ B F[9]m & # @& * Everolimus ¥ Palbociclib ** DEC-003 7 PDX 5% it {7
7% » 4o Figure 4 #771 » & & i * Everolimus ¥ Palbociclib & 5 4v = #ri] #6552
454 PESERE AT UERT - R % (Figure 5) o
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Figure 4. identification of druggable molecular targets in PDX model. PDX mice were

randomized (n=4~5 per group) to receive everolimus (2.5mg/kg, given orally five days
per week), palbociclib (50 mg/kg, given orally five days per week) and a combination.
Control animals were left untreated. (A) tumor volume, (B) tumor weight. (C) gross
tumors, and (D) body weight.

Control Palbociclib

0w

Everolimus Palbociclib+Everolimus

Figure 5. Combined everolimus and palbociclib inhibited DEC-003-PDX tumor
growth ex vivo. Representative images of tumoroids derived from DEC-003-PDX
tumors treated with vehicle, everolimus (10 uM), palbociclib (10 uM) or both (10 pM)
after 14 days. Scale bar represents 100 um.
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(4) 54 RNA-seq 35 ) # 3 & ¥= & ¥F] survivin

ST EEA EEF DIV R8> 2 - DEC-003-PDX 4 everolimus

f= palbociclib é-%#f’/@fb R T2 X RNA-seq> R B iT— 4% i< 17

BARF? o F5 T8 mre k= 4p M A 5] BIRC5 * % survivin (Figure 6). » * L %4t
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Figure 6. Venn diagram showing numbers of differentially expressed genes in each
of the two groups, everolimus/control, palbociclib/control, everolimus+palbociclib/
control by RNA sequencing.
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Figure 7. The effect of everolimus and palbociclib on survivin mRNA expression
in DEC-PDXs and UDEC cell lines. (A, B) Tissues from the DEC-003-PDX and
DEC-004-PDX models treated with everolimus and palbociclib or their
combination were collected. (C, D) AN3CA and KLE cell lines were treated with
everolimus (10uM) and palbociclib (10uM) and both, lysates were than analyzed
lysates were than analyzed by qPCR.

(A) (B) (C) AN3CA
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= e
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Figure 8. The effect of everolimus and palbociclib on survivin protein expression
in DEC-PDXs and UDEC cells. (A, B) Tissues from the DEC-003-PDX and DEC-
004-PDX models treated with everolimus and palbociclib or their combination
were collected. (C) AN3CA and KLE cell lines were treated with everolimus
(10uM) and palbociclib (10uM) and both, lysates were than analyzed by western
blot. Everolimus: Eve, Palbociclib: Palbo, Everolimus plus Palbociclib:
Eve+Palbo.
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Figure 9. The serum expression levels of survivin in PDX mice treated with everolimus
and palbociclib were determined using an ELISA assay. The results are represented for
two distinct PDX models. (A) DEC-003-PDX. (B) DEC-004-PDX
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(B)
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survivin promoter

Figure

protein

398 ATTTTTAGTAGAGACAAGGTTTCACCGTGATGGCCAGGCTGGTCTTGAACTC
-346 CAGGACTCAAGTGATGCTCCTGCCTAGGCCTCTCAAAGTGTTGGGATTACAG

294 GCGTGAGCCACTGCACCCGGCCTGCACGCGTTCTTTGAAAGCAGTCGAGGG

Spi

243 GGCGCTAG(G/A)TGTGGGCAGGGACGAGCTGGCGCGGCGTCGCTGGGTGC

Spi Sp1” Sp1*

-196 ACCGCGACCACGGGCAGAGCCACGCGGCGGGAGGACTACAACTCCCGGCAC

CDE
Sp1* complex

145 ACCCCGCGCCGCCCCGCCTCTACTCCCAGAAGGCCGCGGGGGGTGGACCGCC

Sp1 'b
53 TAAGAGGGCGTGCGCTCCCGACATGCCCCGCGGCGCGCCATTAACCGCCAGA

CHR s 1
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10. Everolimus and palbociclib treatment reduced survivin promoter activity
through in UDEC cells. (A) AN3CA cells were transiently cotransfected with 1 pg of
survivin promoter reporter and 0.2 pg of B-galactosidase plasmid, and subsequently
treated with everolimus (10uM), palbociclib (10uM) or both. Forty-eight hours later,
cells were lysed, and protein lysates were assayed for luciferase and -galactosidase
activities. Relative promoter activity was normalized to B-galactosidase activities. (B)
The schematic diagram shows the promoter regions [25]. (C) AN3CA cells were
transiently cotransfected with 1 pg of survivin promoter reporter, 0.2 ug of B-
galactosidase plasmid, and 10 uM siRNA. Forty-eight hours later, cells were lysed, and
lysates were assayed for luciferase and P-galactosidase activities. Relative

promoter activity was normalized to B-galactosidase activities.
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