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Abstract

promote tissue regeneration. Intestinal mesenchymal stromal cell, one of the key components of intestinal micro-

Inflammation and tissue damage could rapidly stimulate intestinal stem cell proliferation and

environment, plays an essential regulatory role in this process. With the advancement of single cell sequencing
technologies, researchers revealed intestinal mesenchymal stromal cells as a complex and highly heterogeneous cell
population. Currently, the gene signature, spatial distribution, potential function, cellular and molecular regulatory
mechanisms of these distinctive stromal cell populations are still poorly understood. This paper revisited the course
of MRISC (MAP3K2-regulated intestinal stromal cell) discovery, and described the role and mechanism of MRISC
involved in intestinal epithelial repair by specifically regulating the R-spondin1-Wnt signal of the intestinal stem

cell niche during intestinal inflammation and injury. This work provided new insights in application of MAPK sig-

nal perturbation to the research and therapies of intestinal diseases.
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A: image showed that MRISC (CD34°CD81 tdTomato’) (white) was located at the bottom of intestinal stem cells; B: Venn diagram showed that the
MRISC of mouse colon had different chromosomal open regions compared with CD34%" stromal cells, CD138" stromal cells and myofibroblast.
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Fig.1 MRISC has unique location and epigenomic features (modified from reference [9])

i, (Rt E IR R, FARIAE RORE M. T
AT 5 — Wiwk FC 2o, 12 I E T40 e - MAP3K2 7]
PLIOTS INK A 3F 7 T8 TL-18% 5 AU Th1 40 i 4 1k, 12
HETYN AR A 5 BB 48 I Y. T A W 41 BRI 9
i, %246 55 Z04% A AW 7240 52, MAP3K252TLR9
5 IE P ERK /295 44 1 DG4 R 7, 7R 2 B
4 R 98 E 20 W R AR b R4 T R AT, b
4b, MAP3K2A — /N [A YR 3E 5 5 IMAP3K S 43
F——MAP3K3, W#H S5 BAT1%0 R, Hik
Ao &5 R 45 ) [RD YR v 7R 95%, B AT THE 41 B 4 1) i
FEAE— € B BAME . LE ) 5T 40 i 1, MAP3K3 K ik
TRAR, At 3= 2 IMAP3K2 Kk #5 R i Th . 763
T2 B A 98 o, MAP3K3E ML/ P 5 40 i o ik
IR, RIE T RGO I R 40510 % B
HEFE I BRI DR . M ETAM F, MAP3K2 5
MAP3K3 K IEHR =, P# — & TTERK /2 ¥0E,
0 Treg FNTh7AH ML 1) 73467 BRI, 7E IR IR IE YT R,
45 5 MAP3K2 5MAP3K3 [ K IA 17 i, =48 40 i
S 1 RTMAP3KOE % 411 i 71 v e 23 % iz 28 1R vR 97 B8
AL

SE 3k (References)

[1] BARKER N, VAN ES J H, KUIPERS J, et al. Identification of
stem cells in small intestine and colon by marker gene Lgr5 [J].
Nature, 2007, 449(7165): 1003-7.

[2] MCCARTHY N, KRAICZY J, SHIVDASANI R A. Cellular

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

and molecular architecture of the intestinal stem cell niche [J]. Nat
Cell Biol, 2020, 22(9): 1033-41.

POWELL D W, PINCHUK I V, SAADA J I, et al. Mes-
enchymal cells of the intestinal lamina propria [J]. Annu Rev
Physiol, 2011, 73: 213-37.

KINCHEN J, CHEN H H, PARIKH K, et al. Structural
remodeling of the human colonic mesenchyme in inflammatory
bowel disease [J]. Cell, 2018, 175(2): 372-86,¢17.
SHOSHKES-CARMEL M, WANG Y J, WANGENSTEEN K J,
et al. Subepithelial telocytes are an important source of Wnts that
supports intestinal crypts [J]. Nature, 2018, 557(7704): 242-6.
MCCARTHY N, MANIERI E, STORM E E, et al. Distinct
mesenchymal cell populations generate the essential intestinal
BMP signaling gradient [J]. Cell Stem Cell, 2020, 26(3): 391-
402,e5.

CHANG X, LIU F, WANG X, et al. The kinases MEKK2 and
MEKKS3 regulate transforming growth factor-beta-mediated
helper T cell differentiation [J]. Immunity, 2011, 34(2): 201-12.
WU N, CHEN D, SUN H, et al. MAP3K2 augments Th1 cell
differentiation via IL-18 to promote T cell-mediated colitis [J]. Sci
China Life Sci, 2020, doi: 10.1007/s11427-020-1720-9.

WU N, SUN H, ZHAO X, et al. MAP3K2-regulated intestinal
stromal cells define a distinct stem cell niche [J]. Nature, 2021,
592(7855): 606-10.

BARKER N. Adult intestinal stem cells: critical drivers of
epithelial homeostasis and regeneration [J]. Nat Rev Mol Cell
Biol, 2014, 15(1): 19-33.

SATO T, VRIES R G, SNIPPERT H J, et al. Single Lgr5 stem
cells build crypt-villus structures in vitro without a mesenchymal
niche [J]. Nature, 2009, 459(7244): 262-5.

KIM K A, KAKITANI M, ZHAO J, et al. Mitogenic influence
of human R-spondinl on the intestinal epithelium [J]. Science,
2005, 309(5738): 1256-9.

DE LAU W, BARKER N, LOW TY, et al. Lgr5 homologues as-



AT P A B R M 1) 5t 40 JEMRIS C 2 S AE A2 rh il T 4R i 1B B 921

[14]

[15]

[16]

sociate with Wnt receptors and mediate R-spondin signalling [J].
Nature, 2011, 476(7360): 293-7.

STZEPOURGINSKI I, NIGRO G, JACOB J M, et al. CD34"
mesenchymal cells are a major component of the intestinal stem
cells niche at homeostasis and after injury [J]. Proc Natl Acad Sci
USA, 2017, 114(4): E506-13.

LAHAR N, LEI N Y, WANG J, et al. Intestinal subepithelial
myofibroblasts support in vitro and in vivo growth of human small
intestinal epithelium [J]. PLoS One, 2011, 6(11): ¢26898.
KANAMORI-KATAYAMA M, KAIHO A, ISHIZU Y, et al.
LRRN4 and UPK3B are markers of primary mesothelial cells [J].

[17]

(18]

[19]

PLoS One, 2011, 6(10): €25391.

WEN M, MA X, CHENG H, et al. Stk38 protein kinase pre-
ferentially inhibits TLR9-activated inflammatory responses by
promoting MEKK?2 ubiquitination in macrophages [J]. Nat Com-
mun, 2015, 6: 7167.

YANG J, BOERM M, MCCARTY M, et al. Mekk3 is essential
for early embryonic cardiovascular development [J]. Nat Genet,
2000, 24(3): 309-13.

FISHER O S, DENG H, LIU D, et al. Structure and vascular
function of MEKK3-cerebral cavernous malformations 2 complex
[J]. Nat Commun, 2015, 6: 7937.



