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Transthyretin Regulates Skeletal Muscle Stem Cell Proliferation

and Skeletal Muscle Regeneration

YANG Qianni', HAN Wanhong', ZHANG Qianying', HAN Chunmiao', GAO Qing',
LI Hu'?, ZHANG Yong'** ZHU Dahai'**

(Unstitute of Basic Medical Sciences, Chinese Academy of Medical Sciences, School of Basic Medicine,
Peking Union Medical College, Beijing 100005, China;
*Bioland Laboratory (Guangzhou Regenerative Medicine and Health Guangdong Laboratory), Guangzhou 510005, China)

Abstract Primary function of TTR (transthyretin) is to transport thyroxine and vitamin A. The #tr gene is
predominantly expressed in the liver and is also expressed in choroid plexus and skeletal muscle. Previous studies
have mainly focused on TTR functions in the brain and heart. The role of TTR in skeletal muscle is not well under-
stood. To investigate TTR function in regulating skeletal muscle development and regeneration, ¢ KO (knockout)
mice were generated in this study. There was no overt difference in body weight and skeletal muscle mass between
ttr KO and WT (wild type) littermates. However, the 77 KO mice had poor skeletal muscle performance, as evi-
denced by smaller running exhaustion distance and weaker forelimb grip strength than that of WT littermates, sug-

gesting that TTR played important roles for physiological function of skeletal muscle. To explore the role of TTR
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in regulating skeletal muscle regeneration, the TA (tibialis anterior) muscle of # KO and WT mice were injured

by CTX (cardiotoxin) and the regeneration was evaluated by quantifying size of regenerating myofibers. The data

showed that the size of regenerating myofibers was significantly smaller in 77 KO mice than that of WT littermates,

indicating that TTR played a role in regulating skeletal muscle regeneration. The number of Pax7-positive cells in

the cryosection of the regenerated TA muscle from #r KO mice was significantly reduced compared to that of WT

mice, suggesting that TTR might implicate skeletal muscle regeneration by regulating muscle stem cell prolifera-

tion. Furthermore, EAU incorporation assay demonstrated that the proliferation of muscle stem cells FACS-sorted
from ttr KO mice (Pax7-nGFP;ttr ") was slower than that of WT mice (Pax7-nGFP;ttr'""). Collectively, this study

reveals that TTR regulates skeletal muscle strength, exercise performance, muscle stem cell proliferation and skel-

etal muscle regeneration.
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A: design of the #r knockout mice. B: relative expression of #zr mRNA in skeletal muscle of WT and 77" mice, determined by real-time RT-PCR. The
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gapdh served as an internal control. TA: tibialis anterior; GAS: gastrocnemius; EDL: extensor digitorum longus. WT (n=3), ttr’"~ (n=3). *P<0.05.
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Fig.1 Generation of the #r knockout mice
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Table 1 Primer sequences
AR ik P15 —3')
Primer name Application Sequences (5'—3")
ttr-F RT-PCR GGT TTT CAC AGC CAACGACT
tr-R RT-PCR TAG GAG CAG GGG AGA AAA ATG AG
gapdh-F RT-PCR AAT GTG TCC GTC GTG GAT CTG
gapdh-R RT-PCR TAG CCC AAG ATG CCC TTC AGT

161 h, 300 H JEAEILJE, 300 xg% i 250010 min, 3 I
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J€, SR J5 Al FACSAria 1117 2043 3% GEPRH 1 41 .
P43 i BB CE 4300 xg = iR 554010 min, 37
LiE. WEER R E R AT, R R AT R
R F ARG TR LR 5 57 . SEFE G TR AL T F-10
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1% EERAEFEER. 1% R B 10 ng/mLLF
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105 e liff (ThermoFisher Scientific/y &) )i # 5k 3K 15
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SIS 25 B H GraphPad Prism#4E 4041, 41
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A: body weight of male #r
8-week-old male #r' mice and WT littermates. WT (n=5), ttr'"

R

mice and WT littermates. The mice were weighted every week. WT (n=7), ttr" (n=7). B: treadmill performance of
(n=7). C: muscle mass of 8-week-old male #r’ mice and WT littermates. TA: tibialis

anterior; SOL: soleus; GAS: gastrocnemius. WT (n=6), ttr” (n=7). D: grip strength of 8-week-old male 7z mice and WT littermates. WT (n=8), ttr'

(n=10). NS: not significant. *P<0.05, **P<0.01.
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Fig.2 Reduced running distance and grip strength in ##r'mice compared to WT littermates
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L1 (RP o AZ LA 48 B AT A . WT (n=10), ttr’"- (n=9). ***P<0.001.
A: representative images of HE-stained cross-sections of TA muscle from 8-week-old male 77"~ mice and WT littermates on day 7 after CTX-induced
injury. B: CSA (cross-sectional areas) of the regenerated myofibers with centralized nuclei on the HE-stained TA sections described in panel A. WT
(n=10), ttr’"™ (n=9). ***P<0.001.
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Fig.3 Skeletal muscle regeneration is compromised in #"~mice compared to WT littermates
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A: representative images of Pax7-immunostained (red) cryosections of CTX-injured TA muscle from 8-week-old male #7~~ mice and WT littermates
after 3.5 days post injury (dpi). DAPI (blue) served to visualize nuclei. B: percentage of Pax7" cells on cryosections described in panel A. WT (n=10),
= (n=9). **P<0.01.
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Fig.4 Reduced number of Pax7" cells in the CTX-injured TA muscle (3.5 dpi) of ##7” mice
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(A) DAPI GFP
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Pax7-nGFP;ttr**

Percentage of EAU" cells /%

0

EdU Merge

T
WT ttr’-

A: EQUB R A IG5 . DAPIFMCAR AL (I ), GFPERICPax7 FHPE I E#E LT 41 (St €), EAUARIC SRR A IL(A ). B: SiihEIA

P IR [ GEP B PE (R 40 i R EQURHPE O 40 i EL . % P<0.01.

A: representative images of EdU incorporation assay to evaluate proliferation of muscle stem cells FACS-sorted from 8-week-old WT (Pax7-nGFP;ttr''")
or itr’” (Pax7-nGFP;ttr’") mice. DAPI (blue) serves to visualize nuclei. GFP (green) indicates Pax7 positive muscle stem cells. EdU (red) indicates S
phase cells. B: percentage of EAU positive (EdU") cells in total GFP* (Pax7") cells described in panel A. **P<0.01.
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Fig.5 TTR regulates skeletal muscle stem cell proliferation
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