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Integrated regulatory mechanism that govern differentiation and survival of
driver-mutation-independent lung adenocarcinoma
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Non-TRU (terminal respiratory unit)-type lung adenocarcinoma lacks driver
mutations, such as EGFR, and consists of cases that show either 1) abnormal gastrointestinal
differentiation, or 2) loss of epidermal traits. In this study, we first clarified the significance
of two factors, TFF(trefoil factor family)-1 and HNF(hepatocyte nuclear factor) 4a , as novel
biomarkers of the former non-TRU-type, and then examined the effect of their knock-down in lung
adenocarcinoma with gastrointestinal differentiation. We also obtained data indicating that loss of
BRM, often found in the latter non-TRU-type, is causally related to the loss of epidermal
differentiation in this group of non-TRU-type lung adenocarcinoma.



EGFR, KRAS, ALK, RET, ROS1, MET, HER2, BRAF s B -
molecular \ ||| xiese-reT
classification ( ) (EGFR), ALK

30 1 “ unknown”
EGFR, MET, HER2

EGFR, ALK, HER2

master gene TTF-1
(terminal
respiratory unit type, TRU-type) (Yatabe et al. AJSP 2005; (Pao et al.Nat Med 2012)
Inamura et al. 2008)
(1)
SWI/SNF BRG1/SMARCAA4,
BRM/SMARCA2 epigenetic EMT

(2) master gene TTF-1

(Matsubara, Niki et al. Cancer Sci 2013; Matsubara, Niki et al. Cancer Sci 2017)

70-80 TRU-type
TTF-1, EGFR, MET, HER2
@
40 35 4 1
(Matsubara D, et al. Am J Pathol 2010)
Dojindo  Cell Count Assay kit-8
Western Blot
@
238
RNA-sequence
MINtS
(Inoue, Hagiwara et al. PLOS One 2017)
(1)
9 23
120 1, 24 43 15 2
1 TTF-1 TRU 191  (80%), TTF-
1 non-TRU 47  (20%) TTF-1
15 2 1, 2 5 , 22 non-TRU
(2) TFF-1 (trefoil factor family-1)
Non-TRU 40 TRU
11 non-TRU 8
TFF-1 (Trefoil Factor Family 1)
TFF-1 238 TFF-1
31 13 TFF-1 (14/15,

93%), (2/2, 100%), (1/1, 100%)
(5124, 21%), (71120, 6%), (2/43, 5%)



(0/1, 0%), (0/23, 0%), (019,

0%) TFF-1 MUCS5AC
(P <.0001) TTF-1/NKX2-1 (P <.0001).
TFF-1 KRAS (12/24, 50%), EGFR, ALK
1 TFF-1 STAS (spread through air space)
Publicly available dataset (Shedden et al. Nat Med 2008;
TCGA) , non-TRU TFF-1
TFF-1 Ab49 TFF-1
TFF-1
Shedden

g TTF1 (210673 x at) dataset

TTF1 (211024 s at)

HNFA4A (214832 at) TFF-l

TFF1 (205009 at)

MUCSAC (214303 _x_at) M U C 5AC

MUCSAC (214385_s_at)

MUCSAC (217182_at) TTF-1

MUCSAC (217187_at)

Group B Group A

) (®)

| , Stage Ill-IV © Stage Ill-IV
JICHI 1 :‘:Fg: ||II IV( 5} Shedden J '"1¢<]
(n=238) g e i (n=442) g1 4 TCGA gt N
é 2 N : .g . YW T TFE-1-low (n = 54) yeaz0), é ' "TF‘I'LIAlow(n=49)
E ‘ X 8. == i 4 - v
g TFF-1-high (n = 5) g — g . e
£ peom P20275_1erimightn=10) [Ty 60
o 10 2 % 4 s e(mo) o 10 2 » 4 0 wmo) o 10 2 2 4 % emo)
TFF-1 , Shedden dataset, TCGA dataset
cohort TTFE-1
A) ASHO ) A549 (©) Scramble ShTFF1-A ShTFF1-B
522 g” I %o-SI A549 ¥
; “1 1
TRl S 3, I 5
[3 o < go ] @©
PARP SR : 3 £
cleaved-PARP " § S ] Z
5 -
B-actin “
TFF-1 cleaved PARP
(A), (B) (©)
TFF-1

(3) HNF4a (hepatocyte nuclear factor-4 a)
HNF4a HNF1a/8, FOXA1/2/3, HNF4y HNF family
(Lau HH, et al. J Hepatol 2018)

(Kunii et al.
Histopathology 2011; Sugano et al. Am J Surg Pathol 2013; Kojima et al. Histopathology
2017; Nakajima et al. Histopathology 2018; Koh et al. Histopathology 2020),

HNF4a 238 HNF4a
28 12 HNF4a
(15/15) (2/2, 100%),
(1/1, 100%) HNF4a (4124,
17%), (21120, 2%), (6/43, 14%) HNF4a

(071, 0%), (023, 0%), (0/9, 0%)



HNF4-a TFF-1 MUCS5AC

( P<.0001) TTF-1/NKX2-1 (P <.0001). HNF4a
non-TRU
non-TRU HNF4a HNF4a
A549 HNF4a TFF-1 HNF4a
HNF4a (Pan et al. Cancer
Res 2020) HNF4a
Villinl ERBB3 , HNF4a
HNF family HNF1A HNF family
cross-regulatory network
(4) BRM
Non-TRU EMT
BRG1/BRM
(Matsubara D. et al. Cancer Sci 2013).
BRM
BRM H1975
E-cadherin
EMT TRU MET
H1975 shControl
(scram_blesseg:e:?ce) H1975 shBRM BRM
BRM
in vitro
in vivo
N
QQ-
EGFR [ems S| BRM
=-cadherin p-EGFR BRM c.
GRHL2 o-MET | s cadherin, GRLH2
107 MET
Vimentin p-MET %‘
ZEB1 B-actin |——
B-actin
BRG1/BRM CHIP (chromatin
immunoprecipitation)-sequence BRM
1000 BRM CDH1(E-cadherin) MET, EGFR
BRG1/BRM
BRG1/BRM
BRG1/BRM

ubiquitous
BRG1 p63



(Yi et al. Cell Mol Life Sci 2020; Smirnov et al. Int J
Mol Sci 2019) p63 p63

CHIP-Sequence
CDH1 BRM

H1975 shRNA-cont. ‘Mu “ J )
3 & i M.L.u& BRM

H1975 shRNA-BRM u‘_‘ EEUY VT R R )
CDH1

SWI/SNF  p63

ZNF750
SATB1

SMARCA4 Smirnov et al. Int J Mol

Sci 2019



8 8 0 4

Matsubara D, Yoshimoto T, Soda M, Amano Y, Kihara A, Funaki T, Ito T, Sakuma Y, Shibano T, Endo 11

S, Hagiwara K, Ishikawa S, Fukayama M, Murakami Y, Mano H, Niki T.

Reciprocal Expression of Trefoil factor-1 and Thyroid Transcription factor-1 in Lung 2020

Adenocarcinomas.

Cancer Science 2183-2195
DOl

10.1111/cas. 14403

Hirai S, Tada M, Yamaguchi M, Niki T, Sakuma Y. 526

EGFR-1independent EGFR-mutant lung adenocarcinoma cells depend on Bcl-xL and MCL1 for survival. 2020

Biochem Biophys Res Commun. 417-423
DOl

10.1016/j .bbrc.2020.03.116.

Yoshimoto T, Matsubara D, Soda M, Ueno T, Amano Y, Kihara A, Sakatani T, Nakano T, Shibano T, 110

Endo S, Hagiwara K, Fukayama M, Denda-Nagai K, Irimura T, Mano H, Niki T.

Mucin 21 is a key molecule involved in the incohesive growth pattern in lung adenocarcinoma. 2019

Cancer Science 3006-3011
DOl

10.1111/cas.14129.

Ito T, Nakamura A, Tanaka I, Tsuboi Y, Morikawa T, Nakajima J, Takai D, Fukayama M, Sekido Y, 110

Niki T, Matsubara D, Murakami Y.

CADM1 associates with Hippo pathway core kinases; membranous co-expression of CADM1 and LATS2 2019

in lung tumors predicts good prognosis.

Cancer Science 2284-2295.

DOl
10.1111/cas.14040.




Tada M, Sumi T, Tanaka Y, Hirai S, Yamaguchi M, Miyajima M, Niki T, Takahashi H, Watanabe A, 133

Sakuma Y.

MCL1 inhibition enhances the therapeutic effect of MEK inhibitors in KRAS-mutant lung 2019

adenocarcinoma cells.

Lung Cancer 88-95
DOl

10.1016/j -lungcan.2019.05.014.

Kunita A, Morita S, Irisa TU, Goto A, Niki T, Takai D, Nakajima J, Fukayama M. 8

MicroRNA-21 in cancer-associated fibroblasts supports lung adenocarcinoma progression. 2018

Scientific Reports 8838
DOl

10.1038/s41598-018-27128-3.

Sumi T, Hirai S, Yamaguchi M, Tanaka Y, Tada M, Yamada G, Hasegawa T, Miyagi Y, Niki T, 53

Watanabe A, Takahashi H, Sakuma Y.

Survivin knockdown induces senescence in TTFl-expressing, KRAS-mutant lung adenocarcinomas. 2018

International Journal of Oncology 33-46
DOl

10.3892/ij0.2018.4365.

Sumi T, Hirai S, Yamaguchi M, Tanaka Y, Tada M, Niki T, Takahashi H, Sakuma Y. 501

Trametinib downregulates survivin expression in RBl-positive KRAS-mutant lung adenocarcinoma 2018

cells.

Biochemical and Biophysical Research Communications 253-258

DOl
10.1016/j .bbrc.2018.04.230.




CADM1 associates with Hippo pathway core kinases; membranous co-expression of CADM1 & LATS2 in lung tumors predicts good
prognosis.

65

2020

Matsubara D, Yoshimoto T (3rd of 11), Sakuma Y (5th of 11), Endo S (7th of 11), Hagiwara K (8th of 11), Niki T (11th of
11).

Reciprocal expressions of TFF-1 and TTF-1 in lung adenocarcinomas.

107

2018

Shibano T, Yoshimoto T (4th of 9), Matsubara D (6th of 9), Endo S (8th of 9), Niki T (9th of 9).

Long-term, 3-dimensional spheroid culture: a putative model to study evolution of detached cancer cells in tumor metastasis.

17th Biennial Congress of Metastatic Research Society

2018

Yoshimoto T, Matsubara D (2nd of 13),Endo S (8th of 13), Hagiwara K (9th of 13), Niki T (13th of 13).

MUC21 is a candidate key molecule involved in the incohesive growth pattern of lung adenocarcinoma.

6th JCA-AACR Special Joint Conference “ The latest advances in lung cancer research: from basic science to therapeutics”

2018




Shibano T, Yoshimoto T (4th of 9), Matsubara D (6th of 9), Endo S (8th of 9), Niki T (9th of 9)

Long-term, 3-dimentional spheroid culture: a putative model to study evolution of detached cancer cells in tumor metastasis.

2nd Annual Meeting of Research Society for Cancer 3-D Culture

2018

Matsubara D, Soda M, Yoshimoto T, Amano Y, Kihara A, Sakuma Y, Endo S, Hagiwara K, Fukayama M, Mano H, Niki T.

Reciprocal expressions of TFF-1 and TTF-1 in lung adenocarcinomas.

Annual Meeting of American Association for Cancer Research

2018

http://www.jichi.ac.jp/pathol/

(Matsubara Daisuke)

(80415554) (32202)




(Yoshimoto Taichiro)

(20634166) (32202)
(Sakuma Yuji)

(10364514) (20101)
(Hagiwara Koichi)

(00240705) (32202)
(Endo Shunsuke)

(10245037) (32202)
(Ishikawa Shunpei)

(50418638) (12601)




