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Advances in the Development of Merkel Cells
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Abstract Merkel cells are light touch receptors that sense mechanical force and participate in identify-
ing the shape and texture of objects. They are located in the basal layer of skin epidermis and the epithelial tissue
that senses mechanical force in vivo. As receptors, Merkel cells are important in individual survival. A variety of
signaling pathways are involved in the development and regulation of Merkel cells. However, the developmental
mechanism is still not fully understood. This review summarizes the origin of Merkel cells and the related signaling
pathways involved in their development, and outlines the existing regulatory mechanisms of Merkel cells. Under-
standing the development mechanism of Merkel cells may help to optimize the long-term culture system in vitro, so
as to provide a better research system for Merkel cells study, which will also be of great significance to the patho-
genesis and treatment strategies of tactile abnormalities related diseases.
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Table 1 In vitro culture conditions of Merkel cells

F0y FEARIR oA e RN HAL SCHR

Year Sample sources Conditions Time Location References

2003 Human and mice DMEM+10% FCS 8 days Did not say [9]

2004 The newborn K-SFM 2 generations Foreskins [10]

2004 P1-P6 mice S-MEM+10% FBS 2 days Hairy skins [11]

2006 4 weeks rats F12+10% FBS+20 ng/mL NGF+20 ng/mL 7 days Paws [12]
NT3+25 pg/mL gentamicin

2008 P1-P8 mice CNT-02 5 days Dorsal& [13]

Whiskers

2009 Rats DMEM/F12+5% FCS+100 pg/mL Normocin 2 days Paws [14]

2009 P2-P6 pigs DMEM/F12+7% FCS+3% HS 4 weeks Whiskers [2]

2012 E18.5 mice DMEM/F12+10% FCS+20 ng/mL NGF+20 ng/mL. 4 days Whiskers [15]
NT3+25 pg/mL gentamicin

2013 CD1 mice Calcium-restricted media 3 days Did not say [16]

2014 P0-P6 mice CNT-02+10% FBS Original generation of Dorsal skins [17]
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BEXTIXAS b R R 5 U0 A R B BT S . 1990
B, FERERIRE TR TTIRR B E R B R AR AN
5 LT AL R R, JF 20T 4 S8 i 7, 4
A PR R IR BRI T N3 B e
IR, I EHAE R MR Y LT AR 4 2 4
[151£2), Atohl(atonal BHLH transcription factor 1)
CL IR 2 BR v R Al R B R B R S R 2
— P T B B R i B Aroh 1 2 S BUR Tk
FIT AT DX A5l S V52 A BR o 2K A L ) A B, AF R A 42 0
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M RN RUB R R R T — R B
JRYB AT AR FRC, ALFEK17. Atohl. Glil(gli family
zinc finger 1)%(1A). 20094FE, VAN KEYMEULEN
BNV A 30, L B A4 H i) BR v ZR 4 B I A o
AT BEAT HGTH, T i A AR T 2 B 48 M ) 4 L
FTEUAR; M20134EDOUCET [ AP 78 & B, R )
B 70 R G AE A ) 3 B TR AR T~8 S o BT — IR, [
I, K17 BH 4 1R 2 B 240 7 ik ot 5 78 R TG B B2 Jik

(A)

HH A 23 2340 R 0 BR e K A, R UCE S T K1 7RH
PR 41 M 7E 248 45 S S BR T 7R 4 B 1) B A S R AR
HEMEM . 20144 PERDIGOTO R BA P74 i Bk 50 /R
Y11 it SR YR T Atoh 1 BH I T-4H L, A ATTIE B T BR v /R 4
WL & B JF 46 TEL1S, PLELIE Atohl F1Sox2(SRY-box
transcription factor 2)F 1k NFFAE; BE 7 J & 2 1 08
454 8 [ 1(insulin gene enhancer binding protein 1,
IsITFIKSIE R 0, E161 B AR L0 B ALl FE 4k &
HEAT, (BRI B R 4k 2230k FIE17-E181, K18
FK20FFUHFRIE; 16 LA B e /R Al LB, #5904k
By B 36 IR SR [R) 3R IA T, e Ab, #E20154FWRIGHT
BA P44 F Atoh ] %12, R26 R /I B HEAT 1 R 1B B
S, 4 AR IR ) R T R 4 R R T Atoh 1 BH 4
TR R AR . %o R BB B2 F A /N BR 43 T s i 28R e
IR T A B i 3 5, &5 SRR IWE 15,51 Atoh 1 BH M4 ()
B Ve R HI R R B A Y FE R 7T, TIEEL6.52 )5 48
JfL 3 T R I ARAR, A S 0 BR S AR 40 LT A 3
JhRE 71, HF HIX MBS S B R I HTE R, d itk ss
& Hz v Atoh 1 B4 4t i A 1 b R B 9 ER S 2R 4
ML RTAARZNAL . 55 4k, 2015EBROWNELL 524 % 2%
I 28 BRI K F AR A 1 IS T B Rk

B)

Ar AL T KA RS2 T BB BR 7 K A L TR K 8/K 1 8/K 20, H12 B T4l M HoRe A RO AT/ TR A A Tk SR B A2 O Shnf& 5 4k 4+F
BRI R AU AT ARG BE M T2 A 0 5 B EH . K14 400 A3 B T4 ; Glil™ stem cells NGl BEMET-40A; K17' progenitor cells AK 17 FH M 11 A&
4HJf; K8/K18/K20" Merkel cells YK 8/K 18/K20FH ¥ B AR 70 /R 40 MM; Atohl” progenitor cells yAtoh 1 BAVERTARZHMI; B: £ Fhil B ALE S — 4
BRI LS, PR TRV RN R B IR . <~ R AR SRR .
A: mature Merkel cells expressing K8/K18/K20 are derived from epidermal stem cells and their specific precursors/stem cells located below K14 posi-
tive epidermal basal layer. Shh signaling from the nerve maintains self-renewal of merkel cell precursors Glil positive stem cells. K14" indicates epi-
dermal stem cells; Glil™ stem cell indicates Glil positive stem cells; K17" progenitor cells indicate K17 positive Progenitor cells; K8/K18/K20" Merkel
cells indicates K8/K18/K20 positive mature Merkel cells; Atohl" progenitor cells indicate Atohl positive progenitor cells; B: multiple pathways and
signals form an ordered regulatory network, which jointly regulate the development of Merkle cells. “— indicates promotion; The red symbol indicates
suppression.
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Fig.1 Developmental pattern of Merkel cells
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Table 2 Milestones in Merkel cells development research

TR W T TR SCHR

Year Research team The main research results References

2009 KEYMEULEN, et al. Using lineage tracing experiments, it is found that the renewal of Merkel cells is supplement-  [26]
ed by cells derived from epidermal stem cells, thus confirming that Merkel cells originate
from K14" epidermal stem cells

2013 DOUCET, et al. K17-expressing stem cells maintains the existence of mature Merkel cells in adult epithelium  [3]

2013 BARDOT, et al. PRC2 regulates the specialization of Merkel cells in epidermal stem cells by inhibiting the [16]
expression of Sox2

2013 LESKO, et al. The decrease in the number of Merkel cells do not affect the number or pattern of guard hair, [30]
nerve density, or the interaction of nerve cells with the touch dome, and Sox2 is a sign of
early Merkel cells development

2014 PERDIGOTO, et al. The transcription factors Sox2 and s/ coordinate the maturation of Merkel cells by promot- [27]
ing the transcription of Atohl

2015 WRIGHT, et al. Atohl" stem cells develop and maintain the renewal of Merkel cells [24]

2015 XIAO, et al. Glil" stem cells can develop and maintain the renewal of Merkel cells, and the HH signal [29]
pathway maintains the renewal of stem cells in the sensory and touch dome epithelium

2015 OSTROWSKI, et al. The overexpression of Atoh1 is sufficient to produce ectopic Merkel cells in the epidermis. [28]
The response of epidermal cells to Atoh1 varies with skin location, developmental age and
hair cycle stage. The Notch pathway limits the ability of epidermal cells to respond to Atohl
expression

2016 PERDIGOTO, et al. The specialization of Merkel cells requires the production of Shh ligands in the developing [31]
hair follicles to initiate epidermal Shh signaling. Both overexpression of shh signal and loss
of PRC2 can lead to the generation of ectopic Merkel cells. PRC2 interacts with Shh signals
to regulate the specialization of Merkel cells

2016 XIAO, et al. Merkel cells are absent in the skin that is knocked out of Shh. The cascade of Wnt, Eda, and [32]
Shh signals are essential for the development of Merkel cells

2017 WRIGHT, et al. Merkel cells can survive for a long time, and damage stimulation can induce the formation of ~ [33]
Merkel cells

2018 NGUYEN, et al. Merkel cells and primary hair follicles have the same origin in embryos, and the Fgf family is ~ [34]
involved in the development mechanism of Merkel cells

2018 COHEN, et al. Inactivation of PRC1 can cause ectopic growth of Merkel cells in the skin of newborn mice [35]

2019 NGUYEN, et al. Fgfr2 is also necessary for the development of Merkel cells in the hairless paw skin of mice. [36]
The formation of Merkel cells in mouse back skin and hairless paw skin is controlled by a
common genetic program, and their precursor cells may be different

2019 JENKINS, et al. K17-expressing keratinocytes rather than Merkel cells play an important role in the establish- ~ [37]

ment of innervation development
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KB At JE R 5 7R 40 i R ) R G i ShhveT A
Y FR AR F K B TR FR 1% 57

BR v K 2 RN A 2 A B ) BARAE R B ke
THEEH. Yl S EAAEEL6.SH IR, #1243
MG T, BAARIPMETHBEERE IR S
BR 5 R G AT B i, (R B AT R T R A i
) RE — 21, FE LM SR 2 32 2 DL R P FRER
SR AR 2 AT 4 S TAR 5 — ML SNGF/TrkA (S
S LR YESR A, T 5 — BRI AL SNT3/TrkCAE
5 PR R A A SR AT b 4 4 4 AN ER T R A
H S o] AT RS & . W50 KN, TrkC. P7SNTR
FINT3TE MG BIARIE, MEF ERPHRE. 18
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IV BR 28 HH R BRIV T3 5 R e R 4 k2 ELVE B AR
J BR T 2K A A AE R T O, DR AT RINT 3 %) T BR
SRR B R BT IEA R LT, HEX T
HB AR 5 2 R BR T 2K 20 P A 0 D o R OC E E,
FEBR D 7K 200 F PR A 48 ST 2 L AR A 1) 0 BE PR Y
Z o BRTNT3/TrkClE 54, RIARet 4 E TR 1%
IR AR B4 B (neurotrophic tyrosine receptor kinase,
NTRK) [ # £8 2F 2 5 e BR e /R 40 . B 5 B,
7 7 B J 1 A6 3 A2 BR 50 K 20 B NG/ Trk A R 424 A1
NT3/TrkCRH 11 ) X0 A 48 3CHE, 110 06 6 Kk 1
BR o0 2K 40 O 3 B HNT 3/ Trk CRH P4 1 2 £ 4 7 Bid 2o
WA, H fh 28 40 i 5 B v R A0 A A R B R ),
A0 IR H I 7 AR IR R, IF H LR BB e /R gH
JfL B R L35 0 BR S R AT B A0, R IX R
B ARG RYEF TARITR, HRKRIRRME S
WC Hh AT RE 23 W6 1 4 5 BR T 2R A0 A AT I A AR A
Rl Fo H BT 708 0, R oe 2K 40 i 3% A 3 5
A 77, BR 0K A M A 22 ST B Bt 9 4 R R AR B
IR R A 5 77 vh R S A KR T R RE A
YA sy K e AL, SRR 7T R IS -F2 ()12 (5-hy-
droxytryptamine, 5-HT)¥% 12 R7E 2R 7 /R 8% 1) fid ot %
3t PR VR TR R, ZH R Ao 2 — R A
BR v IR B e FL g S A b R AR B AR AT
T 5f =2 R e 7K 20 (%) e 12 /N R o 22 40 4 e 3R
RS ATUAR 1 S 7 8 5 82 (1 ik 1 1401, 33X 63 ) T e
AR, BRSO K 4 M 5 ph 22 2 R R FE R A IR AE
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4 RE
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