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B mXiEL vl REEL O
Study 1 1. WHEE (2)

1) HM (Goal) Outcomes of immune checkpoint inhibitors (ICI) rechallenge in non-small cell lung cancer
(NSCLC) remain uncertain. This study estimated the safety and efficacy of ICI rechallenge and compared
rechallenge benefit among different reasons of initial ICI discontinuation in NSCLC.

2) HE#% (Approach)

(D Related study search and selection (according to PRISMA guidelines) @ Data extration and quality
assessment. (3 Outcomes assessment
and statistical analysis

3) ¥k} & J7i: (Materials and methods)
(D Data sources and study selection
Study search and selection was conducted in accordance with the PRISMA guidelines. A comprehensive
literature search was conducted to identify all relevant articles. The studies were searched in the databases of
PubMed, EMBASE, and Cochrane Library. The search terms were the following Medical Subject Headings
(Mesh) and their synonyms: ‘carcinoma, non-small-cell lung” AND ‘immune checkpoint inhibitor’ AND
‘rechallenge’ . The studies were reviewed to evaluate the title, abstract, and full publication sequentially.
Case reports, reviews, comments, animal experiments, meta-analyses, abstracts, and meetings with
incomplete data or non-English content were also excluded.
(@Data extraction and quality assessment
The following information was extracted: first author, year of publication, country, study design, treatment
period, number, gender and mean age of patients at initial treatment, regimens and therapy line of initial ICl and
ICI rechallenge, tumor proportion status, best response to ICI treatment, number of patients who experienced
Grade 3 or 4 irAE after initial treatment and after rechallenge, median progression-free survival (in months), the
cessation reasons of initial ICI, and also interval time between initial ICI and ICI rechallenge. Study quality
assessments were performed based on Newcastle - Ottawa Scale.
(®O0utcome assessment and statistical analysis
The best response to treatment was accessed as complete response (CR), partial response (PR), stable
disease (SD), progressive disease (PD), or not evaluable (NE) according to the Response Evaluation Criteria in
Solid Tumors (RECIST v1.1). Adverse events were graded according to Common Terminology Criteria for
Adverse Events version 4.0 (CTCAE v4.0). Hazard ratio for PFS was estimated using Inverse Variance in
RevMan version 5.4.
4) FEEi#5 R (Results) Fifteen studies including 442 patients between 2018 and 2022 were eligible for meta-
analysis. The incidence of Grade 3/4 irAE was lower in rechallenge than initial ICI (8.6% vs 17.8%, P<0.001).
Patients rechallenged with ICI had lower ORR and DCR than initial ICI (13.2% vs 42.4%, P<0.001; 51.1% vs
74.0%, P<0.001). The ORR and DCR to ICI rechallenge were both higher in patients who experienced disease
progression after stopping ICI or irAE than patients with disease progression during ICl treatment (ORR: 46.2%
vs 20% vs 11.4%, P=0.003; DCR: 84.6% vs 90.0% vs 55.0%, P=0.002). Additionally, 34.7% of 69 patients with
individual response to ICl and PFS experienced the same or better response to ICl rechallenge in comparison
with initial ICI, although PFS in initial ICI was longer than that in ICI rechallenge (median: 8.90 vs 3.67 months,
HR: 0.44, 95% CI: [0.33, 0.59]).




5) #%Z (Discussion)

ICI rechallenge should be considered on an individual scenario. Rechallenge with ICl is a reasonable therapeutic
option for those who underwent disease progression after stopping ICI treatment or who discontinued treatment due
to toxicity. Additional studies are needed to better understand the molecular characteristics of responding patients.
6) %k (References)

[1] Sharma, P., J.P. Allison, Dissecting the mechanisms of immune checkpoint therapy. Nat Rev Immunol. 2020;
20(2): 75-76.

[2] Gandhi, L., D. Rodriguez-Abreu, S. Gadgeel, E. Esteban, E. Felip, F. De Angelis, M. Domine, P. Clingan, M.J.
Hochmair, S.F. Powell, et al., Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N Engl
J Med. 2018; 378(22): 2078-2092.

[3] Paz-Ares, L., A. Luft, D. Vicente, A. Tafreshi, M. Gumus, J. Mazieres, B. Hermes, F. Cay Senler, T. Csoszi, A.
Fulop, et al., Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N Engl J Med. 2018;
379(21): 2040-2051.

[4] Ettinger, D.S., D.E. Wood, D.L. Aisner, W. Akerley, J.R. Bauman, A. Bharat, D.S. Bruno, J.Y. Chang, L.R.
Chirieac, T.A. D'Amico, et al., NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 2.2021. J Natl
Compr Canc Netw. 2021; 19(3): 254-266.

Study 2

WA

1) HH (Goal) Immune-checkpoint inhibitors (ICls) are now standard of care for advanced non-small cell lung
cancer (NSCLC). Peripheral blood biomarkers would be most convenient method to predict treatment outcome of
patients. This study explored the peripheral blood markers that can predict outcome in patients with advanced
NSCLC receiving ICI.

2) HgmE (Approach)

@ Patient peripheral blood at baseline of ICI and after one cycle of ICI collection

@ Patient infomation collection and analysis

@ Cytokines assay in patient plasma sampels using EMD Millipore’s MILLIPLEX® MAP Human Cytokine /
Chemokine Panel

@Results validation with lung cancer tissue immunohistochemistry

3) Mkl & J5ik (Materials and methods)

(@ 41 patients information and plasma collection

The following information was extracted: gender, age, histology, clinical stage, primary site, ECOG PS, smoking
status, PD-L1 expression, line of immunotherapy, type of immunotherapy, actionable mutation, number of metastatic
sites, best response to ICl treatment, irAE occured during ICI treatment, progression-free survival (in months),
overall survival(in months).

@ Cytokine assay using EMD Millipore’s MILLIPLEX® MAP Human Cytokine / Chemokine Panel

41 cytokines were measured in patient plasma samples of both before ICI treatment and after one cycle of ICI.
Cytokines including EGF, Eotaxin-1, G-CSF, GM-CSF, IFNa2, IFNy, IL-10, IL-12P40, IL-12P70, IL-13, IL-15, IL-17A,
IL-1RA, IL-1a, IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IP-10, MCP-1, MIP-1a, MIP-1B3, RANTES, TNFa, TNFR,
VEGF,FGF-2, TGF-q, FIT-3L, Fractalkine, GRO, MCP-3, MDC, PDGF-AA, PDGF-AB/BB, sCD40L, and IL-9.

4) &R (Results)

A total of 41 patients with NSCLC treated with ICls were included. Patients were predominantly male (73%), smokers
(92%) and had a good PS (ECOG PS of 0 or 1 in 89% of cases). 68% of the patient received pembrolizumab, and
another 27%, 5% treated with atezolizumab and nivolumab respectively.

Eotaxin-1 increase after one cycle of ICI therapy in all the patients who received complete response or partial
response, compared with that in patient had stable disease or progressive disease during ICI(P=0.023)

Patients with eotaxin-1 change after one cycle of ICI therapy over than median had higher PFS than that in patients
with eotaxin change lower than median after one cycle of IC (P=0.025).

5) 2%k (References)

[1] Gandhi L, Rodriguez-Abreu D, Gadgeel S et al (2018) Pembrolizumab plus chemotherapy in metastatic non-
small-cell lung cancer. N Engl J Med 378(22):2078-2092.

[2]Brahmer J, Reckamp KL, Baas P et al (2015) Nivolumab versus docetaxel in advanced squamous-cell non-small-
cell lung cancer. N Engl J Med 373(2):123—-135.

[3] Berardi R, Rinaldi S, Santoni M et al. Prog- nostic models to predict survival in patients with advanced non-small
cell lung cancer treated with first-line chemo- or targeted therapy. Oncotarget 2016;7:26916—26924.
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EAOLE:

The study aims to investigate how Urban Heat Island (UHI) impact the risk of temperature on
mortality under climate change in Tokyo Metropolitan Area (TMA), Japan. The student has
collected daily meteorological data from Agro-meteorological Grid Square Data and daily all-cause
mortality from the Ministry of Health, labor and Welfare of Japan for 242 municipalities in TMA
between 2010 and 2019. The student will use a time stratified case crossover study design and the
state-of-art modelling strategy to estimate the acclimatization to UHI, and project the

temperature-related mortality by taking into account UHI effects in the future. The student has

conducted initial data analysis and reported the preliminary results in an international symposium.

=i

[y 78]
The student works very hard, and has a very strong motivation for research and
strong initiative for learning

[gd < x 1]
Since the project involves very complex statical models, the student needs to

improve her knowledge and skills in statistical analysis.

[5#%DRE]
I believe the student is making progress towards timely completion of her PhD
study, and hope the student will be able to publish her research in high level
peer—reviewed journals. More importantly, I hope this collaboration will bring
more opportunities for future collaborations on climate change between Japan

and China.

I believe the student is making progress towards timely completion of her PhD

study.

AHiiE (FEHER)

Lina Madaniyazi
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The impact of urban heat island on temperature—related mortality
BERiER WmXiELE O SRIEETL v
1) B #) (Goal)

Aim: This study aims to investigate how UHIs impact the risk of temperature on mortality and influence the future temperature—
related mortality under a changing climate in Tokyo Metropolitan Area (TMA), Japan, including Saitama, Chiba, Tokyo and
Kanagawa.

Objectives

a. Assess the association between temperature and mortality for each municipality and the whole TMA.

b. Examine and quantify the acclimatization to UHI effects on temperature—mortality relation.

c. Project the future temperature—related mortality only under temperature changes by taking into account UHI effects.

2) Bk B% (Approach)

A conditional Poisson regression with a distributed lag non—linear model and meta—analysis will be used to estimate the
prefecture—specific association between temperature and mortality and the pooled association for the whole TMA. And then, the
two approaches, “Comparison of RRs” and "shifted spline” will be applied to estimate the acclimatization to UHI effects on
temperature—mortality association. Finally, we will conduct our projection by considering only the temperature changes in future,
and combine the results from our previous study (acclimatization to UHI) with the projected temperature to project temperature—
related mortality.

3) # ¥} &5 % (Materials and methods)

Data collection

For temperature data, we collected daily mean and maximum air temperature at a 1-km grid resolution from Agro— Meteorological
Grid Square Data (AMGSD) between 2010 and 2019. Daily temperature series for historical (1981-2005) and future (2006-2100)
periods will be obtained from the Climate Change Scenario Grid Square Data (CCSGSD) to project the future temperature—
related mortality. For mortality data, we will obtain daily time—series data on all-cause mortality from the Ministry of Health, Labor
and Welfare of Japan (MHLW) for all 242 municipalities within the entire TMA during the period of 2010-2019. We will collect
historical population, air pollutants (daily mean concentration for PM10, PM2.5, NO2 and 03), socioeconomic factors (local tax per
capita, the number of students in universities and rooms per dwelling), the percentage of individuals ages 65 or above and the
numbers of beds in hospital from local government websites during 2010-2019 for each municipality.

Data analysis

Firstly, a conditional Poisson regression with a distributed lag non-linear model(Gasparrini et al., 2014) will be applied to estimate
prefecture—specific association between temperature and mortality, and the association for the whole TMA by meta—analysis.
And then, we will use the urban heat island anomaly to quantify the UHI effects. We will calculate the municipality—specific UHIas,
and they will be classified into ten decile groups. The mean of each UHlas group will be calculated for the further analysis.

After that, the two approaches, “Comparison of RRs” and "shifted spline”, will be used to model the impact of UHI on
temperature—mortality association by quantifying the degree of acclimatization to UHIas.

Finally, we will project the temperature—related mortality by considering only temperature changes in the future, and combine the
results from previous section (acclimatization to UHI) with the projected temperature to project temperature—related mortality.
We will calculate the annual UHIas between 1980 and 2019 and quantify the changing pattern of annual UHIas. And then, we will
classify the UHIas into ten decile groups, and compute the mean of each group. The municipality—specific RR will be estimated by
assuming the same changing pattern for UHIas for the future period (2031-2100). Finally, we will combine the projected
temperature with RR to project the temperature—related mortality in the future.
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1. ARELE (2)
4) EERFE R (Results)

Figure 1 shows overall cumulative exposure—response associations in 4 prefectures to represent each prefecture, with the
corresponding minimum mortality temperature and the cutoffs to define extreme temperature. Risk increases slowly and linearly
for heat temperature above the minimum temperature, although Chiba shows no change for heat effect. By contrast, risk
increases quickly at low temperature for cold effect. Result from the multivariate meta—regression suggests there is a higher
increase for cold temperature than heat in figure 2.

The municipality—specific UHIas are estimated and classified into ten decile groups (figure 3). It ranged from 0.41°Cto 6.39°C, with
a higher value observed in eastern Tokyo and Kanagawa, Northern Saitama and central Chiba, and a lower value in western areas.

5) & %2 (Discussion)

The present results for temperature—mortality association were consistent with those of many previous studies conducted in
Japan(Chung et al,, 2018, Ng et al., 2014).

As for the distribution of UHIas, there are more urbanized and larger population density in eastern Tokyo and Kanagawa areas
with higher UHlas, while northern Saitama and central Chiba with higher UHIas are less urbanized within smaller population
density. The reason for the less urbanized areas with higher UHIas is probably geographical factors (e.g., basin and coastal
city)(Chang, 2016, Chen et al., 2018). We will include the less urbanized areas with higher UHIas to conduct the sensitive analysis
later.

6) & Xk (References)
CHANG, H.-T. 2016. A TEMPORAL AND SPATIAL ANALYSIS OF URBAN HEAT ISLAND IN BASIN CITY UTILIZING REMOTE
SENSING TECHNIQUES. International Archives of the Photogrammetry, Remote Sensing & Spatial Information Sciences, 41.
CHEN, Y.-C., YAO, C.-K,, HONJO, T. & LIN, T.-P. 2018. The application of a high—density street—level air temperature observation
network (HiSAN): Dynamic variation characteristics of urban heat island in Tainan, Taiwan. Science of the Total Environment, 626,
555-566.
CHUNG, Y., YANG, D., GASPARRINI, A, VICEDO-CABRERA, A. M., FOOK SHENG NG, C., KIM, Y., HONDA, Y. & HASHIZUME, M.
2018. Changing susceptibility to non—optimum temperatures in Japan, 1972-2012: the role of climate, demographic, and
socioeconomic factors. Environmental health perspectives, 126, 057002.
GASPARRINI, A., GUO, Y., HASHIZUME, M., LAVIGNE, E., ZANOBETTI, A, SCHWARTZ, J., TOBIAS, A, TONG, S., ROCKLOV, J.
& FORSBERG, B. 2014. Mortality risk attributable to high and low ambient temperature: a multi—country study. The Lancet.
NG, C. F. S., UEDA, K., TAKEUCHI, A., NITTA, H., KONISHI, S., BAGROWICZ, R., WATANABE, C. & TAKAM], A. 2014.
Sociogeographic variation in the effects of heat and cold on daily mortality in Japan. Journal of epidemiology, JE20130051.

Table 1. Descriptive statistics by municipality in TMA, Japan, 2010-2019.

Variable Minimum Median IQR Maximum
Temperature (°C); mean -7.50 15.80 14.52 33.35
Temperature (°C); maximum -3.23 17.34 16.09 33.34
All-cause deaths; no. 4] 2 4 39

Pooled and first-stage
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AFigure 1. Overall cumulative exposure—response associations in 4 prefectures
A Figure 2. The pooled association between temperature and mortality
WV Figure 3. The distribution of municipality—specific UHIa and decile groups
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I:I';piiEcE The impact of urban heat island on temperature—related mortality

The East Asia Science and Innovation Area Joint Research Program (e-ASIA JRP)

B B date 2022 £ 2 A 18 H

BAfEH venue

online

#x method HEEFER Oral
HEEER

[] RRZ—%FRK Poster

% Language [ BAGE k3

# O wEE

Co—presenter

=2h A
F=
Conference

E B
Topic

BAfE H date &F
2z method [[] COEEFEZFE Oral [] RRA—FFK Poster ‘EEE
HREES

Co—presenter

A H ‘ B venue ‘

Language

O BFRsE O=xFE O HEE

24
Conference

K==

H &
Topic

BAfE B date &F

2L method [[] EEEHFEZFE Oral
HEEES

Co—presenter

O RAA—FFK Poster ‘EEE

A H ‘ B venue ‘

Language

U BARFE O %5

O EE

PN
F=
Conference

E
Topic

BAfE B date &=

R H BAfEH venue

F2=X method |[] ABEHFKRE Oral

z

[] RARE—FK Poster

S8 Language [ BAFE [0 H:E
HREEE%

O EE

Co—presenter

4. ZE (BT EHLE) Award (Research achievement)

&
Award name E4

Country

ZHEF

Year of F A

&
Award name E4

Country

ZEF

Year of & A
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5. Kﬁﬁ%?—?(:%béﬁ@ﬁﬁ%’%ﬂhﬂiﬁ%%ﬁ Other research grants concerned with your resarch theme
SIS O O=

Receipt record
B R RE 2 75
Funding agency
BIR & A
Xita7Ale

Supported period F A ~ F A
a8 =
Amount received

SR O& O

Receipt record

B RUA%RE 2 7
Funding agency
BIR & AT
Er

A AIR
Supported period F A ~ F A
SZHG%E m

Amount received

6. thDIEF L Z#5 Another awarded scholarship

e EE T
F:::3
Recgipt record WA D m
EJJEJZ.%%EEI%% Nagasaki University Student Education Support Division
Funding agency
aZ s
BEEAM e . .
Scholarship name Nagasaki University Special Research Scholarship
e AR _
Supported period 2021 &F 10 A 2022 V-3 3 A
ﬁz' e
pmo 300,000 F
mount received

7. AR ENCRE I AERE F R Press release concerned with your research activities
MERFLI=E2 A R TLTEELY, Attach a copy of the article described below

MERR 0% ] = EREAH

Press release Date of release

F R

Released medium

HRMR  |gng sz Web site -RERE -Z0M( )

Release method

ERIAMIL
Released title

8. AT T—<IZEH I H4FEFHEET IE Patent application concerned with your research theme

HFE P E O0%s ] &= A E]

Scheduled Application

HERE (BE)
Application
contents

9. ZM1th Others

IEEEH{FHE (884) Lina Madaniyazi
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Bt EFREFEHE FAURG D —R) PEHEE

Supported by

= > == = E;-E
EREEL  EEHER ) wE
L8 HREES: 64303 VERA - 2023810 ATy
K % Bk F Yao Li k3 F 4488 199. 11. 20

FTEME (1RH)

TEERPRFRE B PR EE TR (RFEE)

HRE FEHE)

TEERPERZRE Bl (IEA 1HEER)

MET—<

TER PIE NG E 2T 25 ESR 7 0 77 L OB
Development of a support program for elderly Chinese residents’ family caregivers in
Japan

HBAE

[Jaschyt

Vst 1

MRAEFE (EEHERLAR)

RAEIR

s AL 2K

)

FREMERE=2. 75 WGBS US4~ & BifZiedh=4 4

AR ADT o1
MEOBME

R DELRR ORI RIS 02 6 L R DBV A Wi T2 2 & T ZFH O
FERBDOEALIZIE U AETRIC ) EX ST DDICEETH L EZEALNL I T
BEEGIE, A 2=y FPATER L, B EICED LB OEHICE BT 23Uk
FERLEERTEASRER LOZOFRIIBIT 2B W~DHEFRET T 0 /7 Lk
BT 2MFZERTH 2 28 LT, ZhUcabt, ML XoZeEA s s+ u 7
7 L A &G 2 ERE PEA SR OZW~OHEFHE 71 7T LOBFE ) LELE
L7z, BUE. BB L LD LT 2HE T 0 7T 20 HBY, BREHHIE, 785 NG
EHBENE - FHIEE OERICIRY LA TV,

B A

[BEho7- 4]

BRECIE . 3R SCOMFFE 2 TR ER Y fHTe & Hi2 ., BFZEBI AR S O B GEIT & FE A
IZF ¥ LT L, EELTE e, $o, FRBROEBICHLEARIICEY LA TV S,
ZOT7avvATIHEY XOlC#EE LW LR H-oTH, HOFEEBEAERZD , JH
PO E T D27 LT, ‘OB CE, AV U E Y ZIZHERAT T
ST TEBMTHRE, ATFEICHLTF v Lo DT HEBIIREA2R TV D, B2, HA L
FEAMER ORI, B O EZOWFIEEZ BT Z LICEBRL TV 5,

[ d ~& ]

I BIEETF v Lo D92 B8 3k L TIE LW, o < ViR~ 2ENZATE)
L2 FREHBICTSIIHREV T2 03HL50T, FTIEERDTEICHRDL Z
EEBEEMHLTIELYY,

[5%DEE]
A< EETELLS, OB EBNT, 5% L0 TENIN TN &

Bbnsd, APOFEFZOLZFRICEHKYT 2 2 LB TE %,

it (B#%) % 202343 AICHGTE AR TH 5,

s (FREHES) EX A}

ot
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Supported by

A AR
L/l
THE NIPPON
FOUNDATION
F428A MEEZS: G4303 {EEE:2022 £ 3 H 1 H
K4 ok F Yao Li ]l F £44£AH 1990. 11. 20

TEMBERE) |TERFEXFR BEFHRMEEFER(KERE)

MELGEEHE) |FTEXRFXFR BEFMER (EX AEHIR)

ETANT 77 VI AZTERT 2R TE NGRS D2V ~DERAR 7 27 7 L0

R Development of a video conference education program of aging praperation for elderly Chinese
residents’ in Japan
HERiER WXEL O RieEL “
1. WREstE (1)
D WHeiE
TER P EA G OEFICET 2BV —hEANEE 2 HIBIEEIC SN 50 R Z B A E2 Y TT-
2) HIY

HE A2V & 2 MBS BN 2N 5 1E
ze7T

E A mnE & S REEE TOREICED DR OF R 2@ LT, 50
REFRICE T 2 BV EH LT 5 2

I
&

2) REDIER

(D) FER I [E AT« o R TE YRS 2 B B 1 ARIC(ET65RE 0L Lo P E[ERE & R A, AARDEEEE B L7306, # A
L, 1 AR US04 LA L T C A LV AR AR b 5,

QKB 518+ RICIEA TS 2k OIFREGIOL, BB SO UK - R - IR 0L R BT
BEDORBMIEIC OV TR D 2L - HETHZ L - R TER RO LRZONELT 5,

3) Wik
(l)iff%%%io‘i()“%é%ﬁ*{f

RREL, AR CTERT HERTE NGRS & Uiz, 72721, BEEREREE 2 fF & 13 L7z,

AP TS 3@6’&&@*%&0\: Ra=T 4 —krx—, THEE iﬂ“ﬁ)ﬁ £l RCRBELFEE LT, £, HRED
SRRMEZ R T 2720, B2 FXGFEFEE N LT,
(2) 7 — 2 I ]

20194F3H ~10H
(3) A7 1%

AT A o H a2 —TA FE2 O THRE I EELEm#L 1~ 3[E, 11605 & HLIIIT o7, EHENEL, JRED
(E;%'?%Eﬁ%'l;;lcvnaiabtw B L, BaRdk A B L7c, Bl CHEM LSRN gE omZITiny, hERE L L,

4) AN

TAENE TR ORAEFR LAERICET 2 HNRLEZ L LTz, BT ESEI, A v 2 Ba— A el LTz,
SLHERE BT A, IO, FIRMERK, I, (R e LT,

A LB a—T A FONRIL, FERIMEA O RFEILE SR & REHE B3 2 BISUUARBRICEIT 5 JeATHTSE (Jiang, 20163
U, 20155 SFEF, 2003) 2S5, R T OZBRR, BEAFEOMR I LS, ESEETTIE, 4% OO/ Eo.O
%E;?%ﬁ , AR B S IC OV T S0 & 5 28 2 RN AR S T A E DT,

5) Sy A7 ik

X O SERENE i L AARGERE ) O A ORIl RCR FRERT S Todr Lz, T — 2 ITERIRMNAC o LT, ABFSED
KR 1T« U SR < A T, [ERIWER RV & B X, il 2 OB R OEM: - 0 B P2 HU9E T & 2B R0
A KB (L, 2012) 22&1C LT,

4) fi PEABCRE
(Ztﬂﬂ?gi ?%?%k?ﬁ%%é%?ﬁ%ﬂﬁﬁ%ﬁ%é%0)7% B & RFGE DNE T3 D MO f s D 7R & 15 TSR M L7z
TR 7530-97

5) #ER
(1) x5 O
A DORIREIIENEDS £, LE S A DF134 Th -T2, MRELENEHBEELETH -T2, EFFESIL, 540 5H304F
UETHY, VP22 84EThH o7z, 104 OMRE X HARDIFREZ %72 LIZEBRN S - 12, [MREFILEEESSCHED 5
WE HARDES THEITZ %> Tz, HARGERE/IO B EaHMlilc W T, HE R ERSEEN [EHR V) L3l L 72 xi5:
FIIENENS L L THTHSTD, BEAADKANEZFS, BICHANTHER SNZ A A= CTOEENIZESICEINT 5
NI LA TE o7, WBFITEETEANE £ A1EEC T E AR T G Eic s L iz,
(MEB{E BT B RN
BERGPERE, 7=~ [ 1,377 —~% () Tr7T, EEDPTHERIIS0OKDOBAEBI AT OBk T ~ L& Fbt &
L, EEICI > THA L, L FD 8 DD T —=, 16DH 75—~ %4/ L,

( JA—=VITH< )
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[ & RFH @%Mﬁ EMND THANCHEOR LIEL A2l L TV 5]

ZHUSFERRIREE OFHIICE T 2 BN TH Y, GRFHIC LD B L WV H O & (BWEEUAAS L EVE O
BT A EENT,

(2 TRt FE 2 2L LT LTV

CHUTADICE o T, NEER 22 < BB AR T, ZeTHEANAESEREIEA TS Z EIZLLLTWS LN )
(AT & > TLRLTE AELRE) [CET2EWTH-T-,

[hEDOLEEZIFTHZ & TLELLTAEFETETNS]

UL EOZIEICET I RNTH Y, CHESNEAER , BhiFEaRD AR & BT ERDDRGENNRNK
EX) WEENT-,

[BnZZiF kD TR EICEZE TV 5]

TNV OZEICETLIENTHY, (RE~OFLE) & (FimExEES) 2EATW S,
[SEDEETATRITHIB S =R EA S O ) PR Z I L TRBICAEFLTND]

UL, BEOENDY AARANED I 2= —2a VPREHELWZ SICLDHIRESNTATEOFC, FEANE DD R
%%%ﬁbtﬁét@o&ﬁ@%W%%%Kéﬁbfwékwﬁ,<ﬁméntiﬁ@¢f@%bé>mﬁﬁ5%w?
ST,

[FiECTHWCE 2 5 41E 2 fkgs L2
ZHIEFERBGA~DBENTH Y, (FHUCKRSHE T2 R0 & (GFERoX z) #E5ATH,
[EVWEEREY—E 229 F<HHATELDOTLELLTND]

ZHUE, EEY—E 2OFMIZETAENTH Y, (DEDORWEEY—ER) L (SEOBICEEINT-ZE) 2EA
T,

[ % HEFF T 5 7= D PERIC S X B EIC@ESHEE2 LT 5]

T, RERICE SO REEERICBT 2B Th Y, EEFEEROAT)  (PEFRICES S /ERRE) & AR
S 28 ATV,

6) 555

AFFECTIE, HEANME F 5 SIS SN 2 EE P EA GRS I E S Y T8 oD@ FICET 2 BV a2 5 L

tom#%®%$&%%>m% Y DR, PESUBICEE SN TZBOVNEEN TV, RUFZEIL, Elni o3 EiR %é%
2 L DR, (BB EZD RN S RE DR M E 5595,
(Um#%@%iﬁﬁz%@bt@% BE9-2 B

[ & ARKEREORE AR ED & FBANCEEO R LI L 23O L TW5] [ THEARESICET 2 L 2L LR L& T
Wa] MFEOXEEZZTHETERLLTERETETCWND] [BVEZTIED THIMEIZAEZTWVA] V) BuvidE
AL B T D RO AR T DA LIS B L T,

RIGE Il O ZUIZTEIE T D T2 OIS H K - MR ORRESR & B 2 5 LRI, AT EOTECE Lo R 722
EE VR A KTWkoﬁ%%%iﬁW% B DEAEA~DORIGEE S £ 2 C, e ) BRZ2Z R L Q- &% %
Do RO TR L, BT 20l RS %<héia_(ﬁiw%)£WTé L, BN NEOZFITE I 0%
MEE L TETF LN TWD, KOS EIIEDERE L OZTNIC ;oTWMLtﬁﬁma@tiﬁlT@%%@
AFEOHC, Ml O R EIEICE I LOORE LT TWH EEZXLNRD,

(2) BEEIZ L HHIRA A Ui Ic B35 B

[EEORETATFIZHRIR SN PEA L OB ) Pk 2 L TRRICAFE L TWA] [BVWEFRYF—E 2% 9 £<
FATEADTELLTND] L0 BN SEOH|IRAESIEEBI O & ERERE ORI HICBEE L2 2R LT,

ARG ORI RE DN EET 5 WA TR T, R P E A &S E 213 2% <, PEAD B RBIICE F DI5807E AT off
BN EINATH -T2, £ 2 CTHEASENMER] T, Ml kT3 2 2808 OANM 72 BRI ER H 2 720, FEANE F HIEE)C
TI7RALRLTWEEZ D, —J7, AWFFEORIGE 1T, BVITHE ) B REESCTRENOEZ I L > THAEBHIR S, BA
%%Ehé:&ﬁixt%WﬁEAﬁ%%ﬁiﬁ%Eﬁfﬁé LEFHLEL W, 5% AT CRELFEAEDIER T
EAERE N2 5 EHEH SN D720, EFR - A8 D EMFERR 7 T 4 7 OFEMLCICTZFERN L GEIT D
WA Z T AL D R 8 B —ERICT 7B A LT WEBEORHERNETHL L EZ 5,

O EH RSP EZRICEBE SN D HEEICET 5 B

[FRTHEWNIE X D AEEZME L2 ] [EERZHERT 2 -0 PERICE S X A EMICHESHEZ L TWD] L)
BT ESHRIC L T,

ARHFFED /R E OFEFEIZBI 2 BN, HI3BomEE 2 A5 _X&ETHY, TXHRVFICAEZ D Z L THikoAaH %
%Mh;b&#éﬁ&Lf@%Dﬁ#ﬁ%éﬂt@l@ﬁﬁ%@ﬁ%%%mﬂﬁéﬁx&m XTI RFH DERATED
B REE AR MR T A BRI e N TN e E X B, 1. f”¢lkm%%fi@ﬁ%@i@ BWTHHEZ2DR
@#ﬁmbfk@&7%?&#6%i%§&@ﬁﬂﬁ& PEZEDPRSNTND 2 &%@M?ézgﬂ&é ¢E%@
T HERE IR DO RO B2 E L CRATECHEEIFIE 2 S0 TSR T 2 818, 1 51 & - TN & D ik AT RE
REBLRDEEZD,

7) b

FEFPEARRE RO TE, Ml oRERESC, TIESY, SEOBENY O ORFICHET L BVICEELZ 52 TV D
ZEMRALNE RS T, BT K A HIRCEE S ORI © D220 RS, rEFBIETE, ERAIE O A EITHm < HEE MIE
T72, SEEOBEE LY B < BRETFENH O ST A 72 SO BERE B EE DN 2 7 7 OO BEEENRIZ S

72

8) 235 3Lk

(1) Jiang Y, Huang CY, Yoon H, et al. (2016). Correlates of Self-Rated Health and Self-Rated Mental Health in
Older Chinese Americans. Soc Work Public Health, 31(4), 309-315.

() i antt, KARFH— (2015). AAEAELRIZE T 2 EEEFRBEOSTHR L © = —. F)IE#EMRE, 12, 93-104.

(3) FHF 7~ (2003). TEHAMEANOFIRE « Kttt  RIEY: - BRSO, fENEHEEE 94(8), 241-249.
(@) LIS (2012). BERIHEAIEAM @ B2 & FlE. EHER.
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HMREE S G4303

e )
L HEHFITEL
CT AT 7 L RETEAT AERE T E NGRS OB N~OWEBEE T 7 7T KOS

2. WFED HEY - Bk

HE5E 1T, BERTHERRRIC A L T D E SO F 4 — A TH#liZ L TW5, TA F—t2%2F|H
THERE L. RAEE BVFRIC L D MHENREETHY . B THEPE LS ETHEUZLVIZ 20, ME
DAL DRV, HHIFT AP —E AT, FTHELRZWHFMEOY R—F2ZF2nD TEb L9107k
D, BB LSMLWHEAZEB I LTWS, F2l-ThH, HPHICR->TH, DLV THEDS LThHhoTh, #
BHDOL LI LTWA Z EIdREOERAEIEEEZD, HFHIINEANT, BAR TAEDOHELZDZ - L
L7eb, B ERUCEIICEDD LBIEDINEWI BN Ho7=, TNEE 2. BE, HigoEEhE
ANEEEIIEBEICE LT, FOXIRD0EEZ L TWA), DX )N HEFFo Cnd 0, BELZHERFT 7=
DIMOZENRR LD E NS Z LB Z RN S, BEailERREc,  [FERPE A GRS OREEICET 5
B 27— T 902 FEM Lz, TORE, BFAARICIEET 2HPE AN SIS ICNTET 2 FESUBIER S
DEEFIZET ARV E L 52 T WA Z ENRHLNE 2o 7=, REESUE DRI & OFEFEIEESS, 20
&, BHBRAEEOFLICEE 2 RIFTT7-d, 51 5T, B A7 bR R FIEIC RS W7 7 of
it - BREEOR(F O EEMED R ST, E O Z B E 2. R PEA SIS S RE TR > Thix
W BRAEREERDL TR IEZRET 5720, BERUERRICGERL, T4 77 LU AEREMNT - T
EAGEEE OB N~OEFEHE 70 /7 2O EZ BN E T HHEICT-3EH Lz,

3. (1) Wrgedy i
[FERE P E N Bl 2N BT D N TE & 7e 2 A0E OFRE]

TERAME N Bl ORI, BEAHE Y 27 REWERTEAGRE b T\ 5D, SHEOREETHAD
I ECRIR T FE DOFBAEE MR Z STz, REENCI LR 1 X2 < . @linE ONHEIIINB O X 25T F N
T LWV o7eULDE VR H D, TOi=d, ENEEETEANSRE R IO OFKRIL, NM#EREY—E 2D
FRAECRIC RSN B D, BWICHES TREREN Z Y | % (HAGEOENNE L, BEGETORFEMER D 2
L) 2k, BB oBEBEHEIIIOICHEECH D, M T, NV —ERAORMM L L - SFEOREEN
HHIw, HEANEERE DO =—AREEROIRICNELAIZ TWD, T LT, ZOnbEN#AEFRL D DE-
FEAEEREB L OZORER, WE Elpolz & S REECHE ST H O N EAEE N # AR H#EICET 2 B E
BT R 2, WIS B A S AT O DN MLETH L EEZT-, LLARS, $kosr7=—X
O RNGEE, 7 7T &R - FHROKM, FHEZ AL TS BERRNR ENRRD 7 T =— X O U I
BEEZDLEMESN TS, LEN-> T, M#ICESE Y THEEV~DUEFERET ENLE L E 27,
[EF4B 77 Lo AEERT HERTEANSRE OBN~OHEFEHE 7 1 77 LOBR¥]

i OB IT BT D FIRERE DAL SN D ATREMEN H 2 720, Sl OB 2 10 L =555
BINMELEZ D, Ven I U—HimIdRABEERE D S U TR SN, FEHEBERCEEEY 5 25 &
HOBALLCRHE A LS T 5 @l OFE B TH Y, ZofFmasAEE LTHB LY 17 T ATEmE B
FOZDOFRICE > THRNRFRICORND EE 2D, T LT, HEPEANGSREILISUERLEREDE D M
WO SN ZE T 07T MBI LIC W R, s R E S IR 2 < S HisicBE L <
WAHIE B A 1 SOMBICHED D Z SIZNEETH D, 2T, PEAGERESESCME & O 5 E T
Lo TWBICTOIERBERNEE 2D, ¥HT, BT AN 7 7 Lo R ESNNE OFE ERE 2048 T & 2 K50
b, EFAN LT L AERENTIHE 70 75 03, 77 B A LT I TO LB LB WHR O
BICEHBRTE D EEZD, L., HEEOTRE O R, ICTE7ENT A EEANE NS BE mEE 7w 7
T LWNDIRNT EbnoTe, FRC, EREPEASBRERTOICTHE v /7 MIAY =580, LoT, v
?ﬁﬁ%77VVX%%%LkE%$EA%%%®%“A®@ﬁﬁ§TG7?A®%%m%%f%D\%ﬁﬁﬁ
HBHEEZH,

(2) WrgeiEs
ARG DR EIILL T D A4S THHEEZ NS,
[EFAH 77 L REERNT S 7 025 MIHIR O TR A2 WBLROSEIZ SR B )
ICTEIEATANANILT 7B A LT WA H 572, SHIBICET 5 &g ot OFENBEIET LY
HHEIZE USSR H A & & BICPEOSUENEE L7 10 7T AISNTE, Ml ToXE 2512 < VR
DWFEICHE T D LEEZDLND,

[FiL L bloTa T AIBINT D EITRETOEREROHS S LEICORN D]
FHREFFKLTEMTAZ Lt BROAEXHFRFr TICHTABRAERICE 2, FHELEELEIF v R e
b, Fim. 0l T AOSHINIIERE PE N EEE OO N#EOEEES] - Fkom LicEi L, 4

o TCHOFEBLEAWICKZAWRNE, BOD LS EREREEDL Z IOV EEZDBND,

[ Hilsl oD PR B P & AE 88 TP E A i & OFBRRT v T2 M DI L7 5 ]

BP0 LT, FEEWREME E A MR A L2 BE 7 0 7T D3RI BE T D R e s ) o9 B
SNTRAR L 720 | ERPEANGEGEE 7 7 25 50, MENLE L 25 BB LT ICBET 5 7
T O S L OF v v TR HEIE AR TED LB BN,

[VenaUo—HGa2 BT 7T AORBITL VRN EREFEICFETE D]
VxndU—Higa R TAH eI AOERAREMN A HAEOKRTIEZE LT, @EiEICE 2T, Eio
FEEEZE L X 0 R ERE R ICEMTTE D L E R D, . Yo u I U—HERIIT A U b T
SNTEEEFEIERTHY . EE OBRREAFTICE LN TS, L Lans, HifE, Yoo Y—HH
I E A GRS OIS ST, £ LT ABFSETIEY = i I 2 —H56 O UL I E OB
DRMNY . A%k, ERPEAGSRE OBEBEICFLHTELEEILND,
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(RA—2ifE )

4. P i C ORLE
HEEE 1220204F (ZeAPRIND BFJEMBELIE 252k LT-, 5%, THERPHEAIIEEMBEHEZEB S DK
BTOBIIZEEIT 9,

%

k=118

A BENEDIER
AT TIE, EFETEAERET R LT OFEE | EEwNEofs
L LT, BOV~DEFEESDIHE S 0 /T A i;( HARRE, SRR CARE Lo UMk E et L BdR N
DFREZERK L, 7 a7 T AOEBAReEN: & A A%
- i L - 70/ hOBREEDIER
RREET D72 0DIZX 1 O L5 IZBFERIC KT 5., B )’c#ﬁ*ﬁﬁ@ﬁ%%;mzs‘wt e S Y
(A7 1] 7077 AOREDOIER KL O 4 PO RET R | | DERIGE B2 8 77 LOWRERITH ST, 70
JBI®Msystematic reviewdD FEEZSEIT L, 77 L OBEURE & Bt

PERE, P, HAE AR SNIZPEAESEE O o q@)\*#gfﬁi?f;ﬁfgfﬁ%l P
FEAETL OUE(E 1T BT B JeATIRGE & it L CHIRNE & EREPEASRS - QMDY 55 SFMRIC T T A
L 5 - i = < YACa—%@ L CEREZIEL, ThaliEx CEE
(T 5, V=n = O—MgHEBEICL, W OF O s tn
53 it SHLRE AL 2 =t =
RS A FLE 3 A BRI RE, FHER OB ARG L., =
-HLAR. 9 < 7. 4 o HE 7 0 7 5 AOERTIRIESA AR
Ve n IV—HEROET 1 T 7 L ORERICHE B | |40« A 15 £ O R B> B~
ST, Tul T LAOBREEEZRET D, |k ko y T =— X~ 0%k

T D%, ERTEARRE & OBDY 23 H 5 HMF BN : 7075 b & BT SO E IS
AN T N—T A VA a—%AT\, T T T AFED H1 7=77 LORROUN

BIROWRL, FIEENEOTESYE, WEOIE L
TS, BERRE, SNEOBRIER LU ORI
LB REBERRIFROER A E X TEEL,
Vol SN BURIR R 2 BT D,

(72 2] 7v 7T LOEBAREM & A HMEORKRE
TFgEs g

HARICTEET 565500 EOREAESBREB L OF0FE L 35, BIERERE 2 o Giima 45,
WF7est g8 D5

FE NGRS DNBINT 5 EHESHOAREL I 2 =F —k U F— O AARBEY— 27 VB L OFE AN L
<fEHWeChat7 7’V 2@ L C, EATEANSME EZOFK 1 O EHET D,

6. 7 —Z WEETTIE - A
ABFFEIFRI TR U X S ICT =X WEEZAT 9, WFTERf
GHEARTD L X, JBIEIERAINEE L, pre-post test &1 7R7 7 LOXRAKY L ERMEOFETIE

BEEMNWT, 7' 7T AOFEIATREN: & A M Z Bt =1 Y] ®T71 BT

D, EEE 1EE  2@E Bi&E ERR A%
S TR IR A B IR ST, R0 SARE | O

FHEHERIZT T CT o — M EIT S, E2eW AAQ 0 0 o

RIT7 07T NFERF D DB - SRR RN

HMOFED DN Y 0TS, EFOBMEXRY KE, Wt PFOVM_| O °109

MY RT I, FEHORES, EOMOREMACEEE S 7o —t 6] 010160

Te, A4v5E1—| O 0 0
HRME T v 77 ABMNaikx8E 0RO ZE % ¥ AAQ: Attitudes to Ageing Questionnaire(REFEMR) O:FliZRIET 5L

WL CTHETT 5, E2NRITSIAIE &BERGEA Tk PFCN-14:Preparation for Future Care Needs Scale-14 (I EEfR)
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1 HE (GoaD

The combine use of different kinds of osteogenic proteins (Runx2 and VEGF) may have some positive implications on the treatment of
bone regeneration who suffers from bone fractures and bone defects. Using Runx2 and VEGF for bone repair and regeneration is feasible
for mRNA delivery treatment strategies in future. The objective of this study is to explore whether local delivering of Runx2 and VEGF
mRNA would enhance mandibular defects repair of rat in vivo and in vitro. From this study, I hope to find evidence that Runx2 and VEGF
mRNA promote bone repair and provide reliable experimental results for mRNA treatment in the field of bone regeration.

2) Hkmg (Approach)

From the literature reviews, there are a lot of evidences some that Runx2 and VEGF are important promoters of osteogenic differentiation.
But the intrinsic interactions among Runx2 and VEGF in bone regeration still needs to be well documented. In this study, I plan to use
mRNA encoding Runx2 and VEGF sequences as the method of osteogenic factor transmission. establish an mandibular defect model of SD
rat and explore the effect of Runx2 and VEGF mRNA on bone repair. By comparing the different effects of two factors and their
combination of mRNA on mandibular bone defect histological and molecular biological analysis, I want to find one candidate one mRNA
or one mRNA pair which has the most effective osteo-induction effect.

3) #MElE i (Materials and methods )

Materials: VEGFal65 mRNA, Runx2 mRNA, Gluc mRNA, Luc2 mRNA, pladmid, Lipofectamin MessengerMAX, Renilla-Glo™
Luciferase Assay System, NIPPON GENETICS mRNA extraction, TOYOBO Reverse transcription kit, GeneAce SYBR® qPCR Mix a,
PEG-PAspDET(43-63) polymer, Hepes aqueous solution, Masson golden staining, CD-31 antibody, OCN antibody, 8-week-old male SD
rat, low speed minimotor and handpiece, 4-mm circle drill, micro-CT, n vivo imaging system(IVIS).

Methods: a) mRNA transfection Lipofectamin MessengerMAX: Seeding primary-osteoblasts(POBs) to be 70% confluent at transfection at
dayO0. 24 hours later, dilute MessengerMAX Reagent(5ul) in Opti-MEM Medium(175pl) and prepare diluted mRNA master mix by adding
mRNA(2pg) to OptiMEM Medium(175ul). Then mixing diluted mRNA to each tube of Diluted MessengerMAX Reagent(1:1 ratio).
Finally, change the medium 24 hours later.

b) Gluc expression analyze: Add 100ul of Renilla Luciferase Assay Reagent to the luminometer tube. Add 20ul of cell lysate. Mix
quickly by flicking the tube or vortexing for 1-2 seconds.Place the tube in a luminometer and initiate measurement. Luminescence should
be integrated over 10 seconds with a 2-second delay. Other integration times may be used. If the luminometer is not connected to a printer
or computer, record the Renilla luciferase activity measurement.
¢) Runx2 and VEGF mRNA transfetion: P4-primary cells are seeding into 6-well-plate(1x10"5 cells/well), group setting: A-only
medium, B-Lipofectamine+Luc2, C-Lipofectamine+RUNX2, D-Lipofectamine+VEGF, E-Lipofectamine +RUNX2 (1 ng/well)+VEGF(1 p
g/well),F-Lipofectamine+osteogenic medium.

d) Realtime PCR: mRNA extraction by fastGene™ RNA Basic Kit. Reverse transfection the RNA by ReverTra AceTM qPCR RT Master
Mix kit.Target gene(ocn and opn) are anlyzed by real-time qPCR using SYBR Green I dye method. All the data are calculated by 2AACT
method. ¢) Mandiblular defect: 8-week-old male rats are conducted mandibular defect surgery(4mm defect hole) under
anesthesia. ) IVIS: Luc2 mRNA(10ug)+PEG-PAspDET(43-63) polymer with total 50ul volume is injected
into mandibular defect area. 4h, 24h, 48h, 72, 96h, 1week after injection, Luciferase expression is imaged by IVIS.

g) Runx2 and VEGF mRNA in vivo treatment: group: A-Hepes solution, B-Runx2(10ug), C-VEGF(10ug), E-RUNX2 (5ug)+VEGFE(5p
g),from post-surgury 1week, conduct mRNA injection treatment every week.

h) micro-CT: post-surgury 4week, 6week, 8week, conduct microCT to analyze the bone mineral density and bone volume for new bone
formation.

i) Immunofluorescence staining: 8week mandibular samples are collected to making frozen slides, then using CD-31 antibody to mark the
angeogenesis and ocn antibody to mark the osteogenesis of the bone defect area by immunofluorescence staining.

4) FEEAER (Results)
a) mRNA synthesis and validity verification: western blot image showed that Runx2 and Vegf mRNA made in our lab successfully
produced protein in Hela cells and HuH-7 cells,which meaned that Runx2 and VEGF mRNA were able to be used in the following
expriments.
b) successful Gluc mRNA transfection in to POB: Gluc expression curve demonstrated that the mRNA expression peaked at 24 hours post-
transfection and gradually decreased with time.
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¢)Runx2 mRNA and VEGF mRNA promoted the expression of osteogenic markers in vitro: After transfected with mRNA in different
groups, the RT-PCR results showed that expression of osteoprotin(Opn) and osteocalcin(Ocn) were relatively with time course. The
conbination of RUNX2 and VEGF induced the highest level of opn and ocn, while using RUNX2 or VEGF mRNA alone weakly
stimulates osteogenic differentiation compared with blank group and Luc2 group.

d) PEG-PAsp(DET)-nanomicelles successfully delivered Luc2 mRNA into target area: IVIS was used to detect the maintenance time of
Luc2 mRNA+nanomicelles. Luciferase signal was observed at 4 hours after Luc2 mRNA inje@tion. The images demonstrated the luciferase
expression peaked at 24 h then decreased with time untill 96hours.

e) mandibular defect model identification by microCT: 3D construction image showed a clear 4mm-circle bone defect was established.
f) The above are my current results. The next ongoing experiment is to deliver Runx2, VEGF, Runx2+VEGF mRNA nanomicelles to the
mandibular defect and examine the effect of mMRNA on new bone formation in the defect.

5) #%% (Discussion)

Many strategies have been proposed to improve the regeneration of damaged bone tissue. Among them, the delivery of osteo-inductive
growth factors or derivatives) to the lesion site remains a promising approach to promote bone healing[1]. However, delivery of
supraphysiological dose induced deleterious side effects, including significant inflammation, swelling, and heterotopicossification, that had
limited the extent of their clinical use. Messenger RNA (mRNA)-based gene therapies represent alternative approaches for locally
delivering growth factors[2]. They allow an in-situ expression of growth factors in host cells, and undergo precise post-translational
modifications required for optimal activity. And another advantage of mRNA is that it does not need to enter the nucleus to produce protein,
allowing it to transfect a larger portion of cells without causing DNA mutations[3]. mRNA treatment is a promising and safty method to
enhance the expression of osteogenic factors.

It was reported that Runx2 is a major target of the TGF-f/BMP pathway, BMP2 regulated the BMSCs differentiation by Promoting
Runx2 Phosphorylation[4, 5]. On the other hand, Runx2 also have a positive relationship with VEGF, Runx2 and VEGF activated
osteogenic differentiation and angiogenesis of human amniotic mesenchymal stem cells[6]. VEGF and its receptor regulated RUNX2
expression in Human Periodontal Ligament Stem Cells[7]. In our study, we prepared Runx2 and VEGF mRNA to transfect into POB cells,
which proved that the oever-expression of Runx2 and VEGF activate the process of osteogenic differentiation in POB.

The current results support our hypothesis that Runx2 and VEGF have the positive effect on bone formation. Then the next step of my in
vivo study is to explore the function of Runx2 and VEGF.
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Metformin Rescues the Impaired Osteogenesis
Differentiation Ability of Rat Adipose-Derived Stem Cells
in High Glucose by Activating Autophagy

Maorui Zhang,3' Bo Yang,* Shuanglin Peng,'? and Jingang Xiao'-?

The incidence and morbidity of diabetes osteoporosis (DOP) are increasing with each passing year. Patients with
DOP have a higher risk of bone fracture and poor healing of bone defects, which make a poor quality of their life.
Bone tissue engineering based on autologous adipose-derived stem cells (ASCs) transplantation develops as an
effective technique to achieve tissue regeneration for patients with bone defects. With the purpose of promoting
auto-ASCs transplantation, this research project explored the effect of metformin on the osteogenic differentiation
of ASCs under a high-glucose culture environment. In this study, we found that 40 mM high glucose inhibited the
physiological function of ASCs, including cell proliferation, migration, and osteogenic differentiation. Indicators
of osteogenic differentiation were all downregulated by 40 mM high glucose, including alkaline phosphatase
activity, runt-related transcription factor 2, and osteopontin gene expression, and Wnt signaling pathway. At the
same time, the cell autophagy makers BECLIN1 and microtubule-associated protein 1 light chain 3 (LC3 I/II)
were decreased. While 0.1 mM metformin upregulated the expression of BECLIN1 and LC3 I/Il gene and
inhibited the expression of mammalian target of rapamycin (mTOR) and GSK3p, it contributed to reverse the
osteogenesis inhibition of ASCs caused by high glucose. When 3-methyladenine was used to block the activity of
metformin, metformin could not exert its protective effect on ASCs. All the findings elaborated the regulatory
mechanism of metformin in the high-glucose microenvironment to protect the osteogenic differentiation ability of
ASCs. Metformin plays an active role in promoting the osteogenic differentiation of ASCs with DOP, and it may
contribute to the application of ASCs transplantation for bone regeneration in DOP.

Keywords: metformin, adipose-derived stem cells, autophagy, Wnt signaling pathway, GSK3f, osteogenic
differentiation

Introduction

HE BONE TISSUE complication caused by a persistent high

blood glucose of diabetes mellitus (DM) is called dia-
betic osteoporosis (DOP), which is characterized by bone
loss, destruction of the bone microstructure, increased bone
fragility, and high fracture risk [1]. Hyperglycemia is one of
the main manifestations of DM patients, and the abnormal
glucose metabolism in the internal environment leads to os-
teogenesis disorder in bone tissue. Literature showed that
the number of mesenchymal stem cells and osteoblasts de-
creased, and the synthesis and secretion of regulatory factors
of osteogenic differentiation were also impeded in DM [1,2].
The insufficient osteogenic differentiation and bone forma-
tion in DM made it difficult to repair and regenerate bone
tissue. The poor bone healing and remaining bone defects in

DOP patients after the bone defect or fracture leading to a
decline in the quality of life of patients. So it is of great sig-
nificance and urgent necessity to explore the treatment to im-
prove the osteogenesis differentiation process in DOP.

In recent years, the induction of autologous mesenchymal
stem cells for tissue regeneration and cell-based tissue-
engineered bone provides a new therapy for promoting DOP
bone defect repair. Adipose-derived stem cells (ASCs) are a
type of adult mesenchymal stem cells from fat tissue that
have a capacity for self-renewal [3]. ASCs can be direction-
ally differentiated into osteogenesis, adipogenesis, and chon-
drogenesis, which have a wide application prospect in the
research fields of bone regeneration, bone healing, and bone
integration. Under somatic osteogenic induction conditions,
ASCs differentiate into osteogenic precursors expressing
genes and proteins related to osteogenic differentiation such
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as runt-related transcription factor 2 (Runx2), osteopontin
(Opn), DLXS5, and Osterix. However, studies have proved
that the internal environment disturbance caused by diabetic
hyperglycemia had an impact on the metabolism of ASCs,
leading to significantly impaired ASCs bone-orientation dif-
ferentiation ability under the DOP microenvironment. How-
ever, the reasons for the osteogenic differentiation injury of
ASCs in the diabetes microenvironment are not fully under-
stood, and the treatment of bone repair and regeneration using
autologous ASCs from DOP still needs further exploration.

Metformin (MF) is one of the first-line drugs for type 2
diabetes treatment. Recent studies presented that metformin
maintained the stability of cell metabolism, activate autop-
hagy, and also had a relieving effect on osteoporosis [4-6].
Autophagy is a process in which cells self-regulate and de-
grade intracellular macromolecules and damaged organ-
elles. The cell degradation products are recycled by cell
autophagy, which maintains the homeostasis of the intracel-
lular environment [7]. Researchers found an increasing num-
ber of autophagic vesicles in femur tissue during postnatal
development, while the femur and tibia were underdevel-
oped in Fgf18" transgenic mice [8]. Gao et al. demon-
strated that metformin regulated the development of bone
marrow cells and promoted the differentiation of bone mar-
row mesenchymal stem cells to osteogenesis by regulating
the expression of Cbfal, LRP5, and COL1 genes [9]. Al-
though studies have shown that metformin promoted the
osteogenic differentiation of mesenchymal stem cell lines,
the regulatory mechanism of metformin on ASCs osteogenic
differentiation under the high-glucose environment is still
not clear, and the relationship between autophagy and ASCs
osteogenic differentiation needs to be clarified.

Our previous study found that the DOP microenviron-
ment significantly inhibited the osteogenic differentiation
of ASCs; then, we want to further study the effect of met-
formin in the osteogenic differentiation process of ASCs.
Therefore, in this project, rat ASCs from fat tissue were
cultured in vitro and treated with high glucose, metformin,
and 3-methyladenine (3-MA) to explore whether metformin
can activate cell autophagy level to promote the process
of bone orientation differentiation of ASCs, as well as the
molecular mechanism and signaling pathway involved.

Materials and Methods
Isolation of ASCs

This animal research was approved by the Animal Ethics
Committee of Southwest Medical University, Luzhou, China.
All the procedures, including anesthesia, surgery, nursing,
and euthanasia, were conducted according to the guidelines
of the National Institutes of Health of China.

The Sprague-Dawley male rats were given general anesthe-
sia. After removing the inguinal adipose tissue, the skin wound
was sutured and resuscitated. The tissue sample was cultured by
the tissue block culture method under aseptic conditions. First,
adipose tissue was washed by phosphate-buffered solution
(PBS; HyClone) containing 1% penicillin—streptomycin solu-
tion (FBS; HyClone). Then, it was carefully cut into mince and
laid on the bottom of the culture flask. Next, we gently added
alpha-modified eagle’s medium (o-MEM; HyClone) medium
containing 10% fetal bovine serum (FBS; HyClone), and cul-
tured in an incubator in 5% CO, at 37°C for primary cell culture.

ZHANG ET AL.

The culture medium was changed every 3 days. The multi-
lineage differentiation capacity of ASCs was proved by our
previous article [10]. The cells were passed to third-generation
for the following experiments.

Cell proliferation analysis after reagents treatment

Cell Counting Kit-8 (CCK-8; Dojindo, China) was used to
detect the toxicity of different glucose concentration of ASCs.
The third-passage ASCs (5 x 10* cells/mL, 100 pL/well) were
cultured in 96-well plates with o«-MEM for 24 h. Then, ASCs
were treated with different concentrations of glucose (10, 25,
50, 75, and 100 mM; MedChemExpress). After 48 and 96h,
we added a reagent of the CCK-8 into medium and incubated
for 2-3 h. The optical densities of the incubated medium in
different groups were measured at 450 nm by an automatic
microplate reader (Spectra Thermo, Switzerland).

Cell wound healing assay

The third-passage ASCs (5x 10* cells/well) were seeded
into 6-well plates, and then, ASCs were treated with 40 mM
glucose and 0.1 mM metformin (MedChemExpress) [11,12].
When the cell density reached 95%—-100%, a 100 pL pipette
tip (Thermo Scientific) was used to make a straight scratch
in the center of each plate. Images were collected at 6-h
intervals to observe the wound healing ability of ASCs.

Alizarin red-S staining

ASCs (5x10* cells/well) were seeded into 6-well plates
and cultured in an osteogenic medium (Cyagen Biosciences,
Inc.) with high glucose, metformin, and 3-MA. The compo-
nents of osteogenic medium were as follows: basal medium
(175mL), FBS (20mL), glutamine (2mL), penicillin—
streptomycin (2 mL), ascorbate (400 puL), B-glycerophosphate
(2mL), and dexamethasone (20 uL). After 21 days, the num-
ber of mineralized nodes with alizarin red stain was used to
demonstrate the osteogenic differentiation ability of ASCs.
After 21 days, PBS was used to wash cells thrice, and 4%
paraformaldehyde was used to fix ASCs for 30 min. Then
ASCs with mineralized matrix was stained with Alizarin
red-S dye for 1h and the images were collected by inverted
light microscope (Olympus, Japan).

Alkaline phosphatase staining

After drug treatment cultured with osteogenic induction
medium in 7 days, ASCs were fixed by 4% paraformalde-
hyde and washed by PBS thrice. The activity of alkaline
phosphatase (ALP) was examined by 5-bromo-4-chloro-3-
indolyl phosphate/Nitro Blue Tetrazolium Color Develop-
ment Kit (Beyotime, China) overnight. Also, the stained
cells were observed by an inverted light microscope.

Western blot assay

Total protein of ASCs was lysed using the Total Protein
Extraction Kit (Keygen Biotech, China) after drug treatment.
Then, we detected the concentration of total protein by
Bicinchoninic Acid Protein Assay Kit (Thermo Scientific).
Then, different proteins among each group were divided
by 8% or 10% or 12% (v/v) sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) gel
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(Beyotime) with 90V for 1h and 120V for 1h. Also, the
SDS-PAGE gel was transferred to polyvinylidene difluoride
(PVDF) membranes (Bio-Rad) at a constant current of
100 mA for 1 h. All PVDF strips were blocked with 5% skim
milk (Bio-Rad), which was diluted in 0.05% (v/v) Tween-20
Tris-buffer saline (TBST) and incubated with target primary
antibodies (1:1,000) overnight at 4°C, including glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH; ab181602),
OPN (ab91655), GSK3p (ab32391), mammalian target of
rapamycin (mTOR) (ab32028) and BECLINI (ab62557;
Abcam, United Kingdom), and RUNX2 (12556s), LEF1
(2230p), P-catenin (D10AS), and light chain 3 (LC3) I/II
(12741T; Cell Signaling Technology). Membranes were
washed with TBST thoroughly for 30 min and immersed in
goat-anti-rabbit secondary antibodies (Beyotime) for 1h.
The image results were visualized using an Enhanced
Chemiluminescence Detection System (Bio-Rad).

Immunofluorescence staining and confocal
laser scanning

ASCs (1x10* cells) were inoculated on confocal dishes
(Corning) and treated as previously described with high glu-
cose and metformin for 4 days. Cells were gently washed with
PBS and fixed with 4% paraformaldehyde for 15 min. Per-
meabilized the cytomembrane of ASCs by 0.5% Triton X-100
and immersed them in 5% goat serum (Beyotime) for 1 h. Next,
rabbit primary antibodies of BECLIN1 and GSK3f (1:200)
were used to incubate ASC samples overnight at 4°C, and a
fluorescence-conjugated goat-anti-rabbit secondary antibody
(Beyotime) was used to combine the primary antibody for 1 h.
Finally, the nucleus of ASCs was stained by 4’,6-diamidino-2-
phenylindole (Beyotime). The fluorescence images were
captured by the inverted fluorescence microscope (Olympus).

RNA extraction and real-time fluorescent
polymerase chain reaction

Total RNA of ASCs in each group was extracted by Total
RNA Extraction Kit (BioFlux, China). The mRNAs were

reverse transcribed into cDNA by PrimeScript RT Reagent
Kit (Takara Bio, Japan). Then real-time polymerase chain
reaction (RT-PCR) was conducted by SYBR Premix ExTaq
kit (Takara Bio) with ABI 7900 system machine (Applied
Biosystems) as follows: 95°C for 45 s; then 40 cycles of 95°C
for 5s; and finally 60°C for 30s. All the primer sequences
details are shown in Table 1. The quality of the PCR product
was examined by melting curve, while the gene cycle
threshold (CT) values from all groups were calibrated with
Gapdh CT values and calculated by the 2742 method.

Statistical analysis

Experimental results were repeated over three times in-
dependently, and the data were calculated by SPSS
19.0 software (SPSS, Inc.) with Student’s #-test or one-way
ANOVA. Differences were marked as statistically significant
if P<0.05.

Results

High glucose restrained cell proliferation
and cell migration

Cultured with different differentiation induction me-
diums, ASCs derived from adipose tissue were induced
into osteoblasts, adipocytes, and chondrocytes, which
demonstrated the multidirectional differentiation ability
of ASCs (Fig. 1A). After osteogenic induction, ASCs
changed their morphology from spindle shape of fibro-
blasts to typical polygon shape of osteoblast, and mineralized
matrix accumulates around the cells. While in the adipo-
genic medium, the shape of ASCs became ovoid and filled
with lipid, which was dyed orange by Oil Red O. When
ASCs differentiate into chondroblasts, they secreted pro-
teoglycan, collagen, and other extracellular matrices to
make the cells stick together.

Excessive glucose concentrations are toxic to the prolifera-
tion, migration, and differentiation of ASCs. The CCK-8 results
showed that the cell proliferation ability of ASCs was gradually

TABLE 1. PRIMER SEQUENCES INFORMATION FOR AMPLIFICATION OF GENES

Gene name RefSeq transcripts Sequence (5’ —3)
Gapdh NM_017008.4 Forward: ACAGCAACAGGGTGGTGGAC
Reverse: TTTGAGGGTGCAGCGAACTT
Runx2 NM_001278483.1 Forward: AGGGACTATGGCGTCAAACA
Reverse: GGCTCACGTCGCTCATCTT
Opn NM_012881.2 Forward: CACTCCAATCGTCCCTACA
Reverse: CTTAGACTCACCGCTCTTCAT
p-Catenin NM_053357.2 Forward: AAGTTCTTGGCTATTACGACA
Reverse: ACAGCACCTTCAGCACTCT
Gsk3p NM_019827.7 Forward: AACTCCACCAGAGGCAATCG
Reverse: CGTTGCACTCTTAGCCCTGT
Lefl NM_130429.1 Forward: CAGACCTGTCACCCTTCAGC
Reverse: GTGAGACGGATTGCCAAACG
mTOR NM_019906.2 Forward: AGTGGGAAGATCCTGCACATT
Reverse: TGGAAACTTCTCTCGGGTCAT
Beclinl NM_053739.2 Forward: AGCACGCCATGTATAGCAAAGA
Reverse: GGAAGAGGGAAAGGACAGCAT
LC3 11 NM_022867.2 Forward: GAGTGGAAGATGTCCGGCTC

Reverse: CCAGGAGGAAGAAGGCTTGG

Gapdh, glyceraldehyde 3-phosphate dehydrogenase; LC3, light chain 3; mTOR, mammalian target of rapamycin; Opn, osteopontin;

Runx2, runt-related transcription factor 2.
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FIG. 1. ASCs had multidirectional differentiation ability, but high-glucose inhibited the cell proliferation and migration of
ASCs. (A) ASCs multidirectional differentiation was analyzed by Alizarin red-S staining (in red), Oil Red O staining (in
orange), and Alcian blue assay (in blue) after induction culture; (B) CCK-8 assay data showed that the high-glucose con-
centration inhibited the cell proliferation activity at 48 and 96h. At 40 mM high glucose, the cell proliferation activity was
reduced to 80% which was statistically different from the control group; (C) cell wound healing progress was detected every
6h with an inverted light microscope, the images showed that the cell migration ability was suppressed in the high-glucose
group and its scratch was not healed within 24 h. The yellow dotted line shows the initial boundary of the scratch. *P <0.05,

**P<0.01. ASC, adipose-derived stem cell; CCK-8, Cell Counting Kit-8. Color images are available online.

declined with the increase of glucose concentration in 48 and
96h (Fig. 1B). Also, the cell migration ability of ASCs was
depressed under 40 mM glucose treatment compared with the
control group at different time points (Fig. 1C). Then, we
studied the inhibiting effect of high glucose on osteogenic
differentiation of ASCs in the following part of our research.

High glucose inhibited osteogenic differentiation
capacity and Wnt signaling pathway in ASCs

To explore the relationship between high glucose and
ASCs osteogenic differentiation, we treated ASCs with 40 mM
glucose and 0.1 mM metformin and detected the changes
of cell mineralization, ALP activity, osteogenic factors, and
Whnt signaling pathway. After osteogenic differentiation in-
duction for 21 days, the mineralized external matrix produced
by ASCs was stained by Alizarin red-S staining. The staining
results demonstrated that high-glucose treatment caused the
lower formation of mineralized nodules in the high-glucose
group, while the addition of metformin in high glucose pro-
moted the formation of mineralized nodules to a certain extent
(Fig. 2A). The ALP staining results of ASCs after osteogenic
differentiation for 7 days also proved that a high-glucose en-
vironment inhibited ALP activity, while metformin upregu-
lated its expression (Fig. 2C). RUNX2 and OPN were the
represent proteins for osteogenic differentiation, B-CATENIN
and LEFI represented the activity of the Wnt signaling path-
way. After 4 days of ASCs osteogenic differentiation, the
western blot and RT-PCR results were consistent with the re-
sults of Alizarin red-S staining and ALP staining (Fig. 2B, D).

High glucose suppressed the autophagy level
and metformin modulated autophagy inhibition
induced by high glucose

Our results showed a correlation between osteogenic dif-
ferentiation potential damage of ASCs and the inhibition of
autophagy level by high glucose. After being cultured under
high glucose and metformin condition, the protein and mRNA
of ASCs in different groups were analyzed. The western blot
images showed that high glucose inhibited the expression of
two key proteins in autophagy: BECLIN1 and LC3 I/II, while
they were upregulated by metformin (Fig. 3A, B). However,
the expression of mTOR and GSK3p, which negatively reg-
ulated the autophagy signaling pathway, was increased in the
high-glucose group. The gene expression results detected by
RT-PCR were consistent with western blot results (Fig. 3D).
Then, the fluorescence signal images showed that the ex-
pression of Beclinl was the weakest in the high glucose
group, while metformin activated the expression of Beclinl
and showed the strongest fluorescence (Fig. 3C).

3-MA antagonized the effect of metformin
on osteogenic differentiation and cell autophagy
in ASCs

To further prove the important role of autophagy in pro-
moting osteogenic differentiation of ASCs, we added 3-MA,
an inhibitor of metformin, to verify that once inhibited by
3-MA, metformin was not able to recover the damaged
osteogenic differentiation potential of ASCs by high
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FIG. 2. The osteogenic differentiation capacity of ASCs and the Wnt signaling pathway were detected after glucose and
metformin treatment. (A) Osteogenesis cultured for 21 days, mineralized nodules were stained by Alizarin red-S; (C) osteo-
genesis cultured for 7 days, and the active ALP in ASCs was dyed purple. Metformin group had the highest of mineralized
nodules formation and ALP activity; (B, D) RT-PCR and western blot data showed that the expression of typical osteogenic genes
Runx2 and Opn and Wnt signaling pathway genes f-catenin and Lefl was higher in the metformin group than that of the high-
glucose group. Although the expression level of the HG+MF group was not as good as that of the metformin group, it was also
higher than that of the HG group. The difference was statistically significant. All the results showed that metformin resisted the
negative effect of high glucose and promoted bone formation. *P <0.05, **P < 0.01. ALP, alkaline phosphatase; MF, metformin;
Opn, osteopontin; RT-PCR, real-time polymerase chain reaction; Runx2, runt-related transcription factor 2. Color images are

available online.

glucose. The Alizarin red-S staining images demonstrated
that after the addition of 3-MA, the ability of metformin to
promote osteogenic differentiation was offset by 3-MA
(Fig. 4A). The results of western blot and RT-PCR dem-
onstrated that the expression of Beclinl and LC3 I/II was
successfully inhibited by 3-MA, and metformin could not
upregulate their expression (Fig. 4B, C). The expression of
RUNX?2 and OPN was higher in the HG+MF group than in
the HG group. When 3-MA inhibited the effect of metfor-
min, the expression of RUNX2 and OPN was downregulated
in the 3-MA+MF+HG group compared with the MF+HG
group (Fig. 4B, C). The results meant that the positive effect
of metformin on ASCs osteogenesis was inhibited by 3-MA.

Metformin-modulated autophagy activated Wnt
signaling pathway in the process of osteogenic
differentiation

So far, we have proved that high glucose inhibited the
osteogenic differentiation potential of ASCs through auto-

phagy, while metformin reversed this negative effect. How-
ever, we still need to find the clues behind the osteogenesis
damage of ASCs and autophagy. The literature review found
that GSK3p could not only negatively regulate the level of
autophagy but also targeted to bind the B-CATENIN to in-
hibit the Wnt signaling pathway [13,14]. Therefore, we were
committed to exploring whether GSK38 is a link between
the Wnt signaling pathway and cell autophagy. After treat-
ment with high glucose, metformin, and 3-MA, we detected
the expression activity of mTOR, GSK3p, B-CATENIN, and
LEF1 among each group (Fig. SA, C). The protein expres-
sion of mTOR and GSK3f was upregulated in the high-
glucose group, and metformin could not depress them in the
HG +3-MA+MF group. The expression of B-CATENIN and
LEF1 was higher in the HG+MF group than that in the HG
group and the HG +3-MA+MF group. The results demon-
strated that the Wnt signaling was activated when the cell
autophagy level was upregulated by metformin, which pro-
moted the progress of osteogenic differentiation. The fluo-
rescence staining of GSK3f showed that it was highly
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FIG. 4. Metformin alleviated the high glucose-induced damage to the osteogenic capacity of ASCs by activating
autophagy. (A) The Alizarin red-S staining images showed that metformin was helpful for osteogenesis and promoted
the production of mineralized nodules even in the HG+MF group. But after adding 3-MA, the size and the number of
mineralized nodules were reduced, especially in the HG +3-MA+MF group; (B, C) the protein and gene expression
of Beclinl and LC3 /Il was downregulated in the 3-MA+MF group and the HG +3-MA+MF group. The expression of
Runx2 and Opn was also decreased and could not recover in the HG +3-MA+MF group. *P<0.05, **P<0.01,
*##%P <0.001. 3-MA, 3-methyladenine. Color images are available online.

>

FIG. 5. Metformin regulated Wnt signaling pathway. (A) Western blot image and bar graph showed that the expression of
mTOR and GSK3[ was the lowest in the MF group, but was increased under the treatment of 3-MA. Because of the inhibitory
effect of 3-MA on metformin, the expression of B-CATENIN and LEF1 was suppressed in the HG +3-MA+MF group. The
activation effect of metformin on the expression of B-CATENIN and LEF1 was negatively influenced by 3-MA. (B) The red
fluorescence showed the expression of GSK3f3 of ASCs. It was obvious that the fluorescence signal of GSK3f was weakest in
the MF group, and it was weaker in the HG+MF group than the HG group and HG +3-MA+MF group. These images showed
that GSK3p was significantly inhibited by metformin. (C) The mRNA expression results of f-Catenin, LEF1, mTOR, and
GSK3[ were consistent with western blot analysis, which demonstrated that the depress effect of metformin on GSK3f
activated the Wnt signaling pathway. *P <0.05, **P <0.01, ***P <0.001. Color images are available online.
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expressed in the HG group and downregulated by metformin
in the HG+MF group. But metformin failed to work on
GSK3pB in the presence of 3MA in the 3-MA+MF group and
HG +3-MA+MF group (Fig. 5B).

Discussion

Although studies have reported that the risk of bone met-
abolic disease due to diabetes is not consistent across ethnic
groups, it has become a global public health issue affecting
over 422 million individuals all over the world [15-19]. It
was found that skeletal fragility in diabetes caused an in-
creased incidence of osteoporosis, a higher risk of fracture
and poor bone healing [20]. Rodent models of diabetes pro-
ved that obesity, insulin resistance, and hyperglycemia of
the T2D diabetes model caused skeletal abnormalities, in-
cluding lower femoral cortical thickness, decreased stiffness,
and abnormalities of multiple trabecular and cortical mi-
croarchitectural [21]. Studies of osteoblast cell lines based
on diabetes and hyperglycemia environment also showed
that diabetes has a significant negative effect on cell phys-
iological function. Previous studies in my research group
showed that the osteogenic differentiation ability of ASCs was
significantly suppressed by advanced glycation end prod-
ucts, which is a kind of glucose and protein metabolites
due to hyperglycemia [10,22]. In this study, we used high-
dose glucose to simulate a hyperglycemia environment, and
the results showed that the proliferation, migration, and os-
teogenic differentiation of ASCs are significantly inhibited,
which is consistent with the published literature.

To solve the problem of osteogenic differentiation inhi-
bition of ASCs with high glucose, we set our sights on the
first-line hypoglycemic drugs, trying to find the positive ef-
fect of metformin on osteogenic differentiation of ASCs.
Numerous researches give experimental evidence for a
promising benefit of metformin for skeletal metabolism
[23,24]. In vitro studies (Wang P et al.) found that metfor-
min contributed to the differentiation of human-induced
pluripotent stem cell-derived mesenchymal stem cell to os-
teoblast cell line by mediating the LKB1/AMPK pathway
[25]. Agnieszka S et al. proposed that low concentration
metformin promoted the metabolic activity of ASCs, while
high-concentration metformin inhibited it [26]. On the flip
side, high-concentration metformin had a stronger effect on
osteogenesis, while low-concentration metformin appeared
to have a weak effect. According to existing literatures,
0.1 mM metformin is a nontoxic concentration for different
types of cells and showed good effects on osteogenic differ-
entiation [11,12]. Therefore, the 0.1 mM metformin was used
in our study as the treatment concentration. Our research data
based on ASCs proved a positive effect of 0.1 mM metfor-
min in expediting the osteogenic differentiation of ASCs.
Most intuitively, there is a significant increase in the pro-
duction of mineralized nodules visible to the naked eye after
0.1 mM metformin treatment. In addition, the expression of
osteogenic markers and the Wnt signaling pathway was
upregulated by metformin.

In recent years, the role of metformin as an autophagy
activator has been gradually discovered. Our study analyzed
the expression of autophagy key proteins Beclinl and LC3 I/,
which was significantly inhibited under high-glucose con-
ditions while was rescued by metformin. At the same time,

metformin decreased the expression of the negative regu-
latory factors of autophagy, mTOR, and p-GSK3p (Fig. 3).
Some research work has demonstrated that the distur-
bance of physiological activity of cells in a high-glucose
environment is closely related to the change of auto-
phagy level [27,28]. Metformin prominently regulates the
osteoprotegerin-mediated inhibition of osteoclasts differen-
tiation by upregulating the level of autophagy [29]. Another
study on metformin showed that the autophagic capacity,
antiaging ability, and osteogenic differentiation were posi-
tively improved after being treated with metformin every
day [6]. In this study, we demonstrated that the high ex-
pression of autophagy-related genes and proteins altered
by adding metformin, and their changes are positively cor-
related with osteogenic differentiation of ASCs. Therefore,
the activating effect of metformin on autophagy maybe its
key mechanism to promote osteogenesis.

With the development of autophagy study, researchers
revealed that the negative regulator of autophagy is also an
important factor affecting autophagy. A close relationship
between autophagy level and cell osteogenesis was found
not only in osteoblasts and osteoclasts but also in hemato-
poietic progenitors and macrophagocyte [30,31]. GSK3p3
was reported to have negative regulatory effects on the
autophagy pathway in cancer cells but also in other diseases
[32,33]. Azoulay-Alfaguter et al. reported that a high level
of GSK3a and GSK3f activated mTORCI1 and suppres-
sed Beclinl expression in MCF-7 human breast cancer
cells, contributing to cancer therapy [34]. It was also showed
a negative correlation between Akt/GSK3p/B-catenin sig-
naling and autophagy in atrial fibrosis of human atrial fi-
broblasts [32]. Our data found that the inhibition of high
glucose on the autophagy pathway was related to the over-
expression of GSK3B and mTORI1 in ASCs. Metformin
appeared to inhibit the expression of GSK3[ while activating
autophagy.

As we know, GSK3 is also an important protein that in-
hibited the key factor, -Catenin, in the Wnt signaling path-
way [10,14,22,35]. Glucagon-like peptide-1 improved the
glucose tolerance and insulin tolerance in a diabetic mouse
model and promoted the expression of osteogenic markers
via the Wnt/GSK33/B-catenin pathway [14]. The osteogenic
differentiation ability of human BMSCs was activated by
Ginsenoside Rgl because of its inhibitory effect on GSK3f3
[35]. What’s more, it is worth noting that direct evidence
showed that GSK3f is a link factor between the autophagy
pathway and the Wnt signaling pathway [36]. The authors
proved that electroacupuncture pretreatment provided neu-
roprotective effects and ischemic stroke prevention by up-
regulating autophagy and B-catenin through the inhibition of
GSK3p in the cerebral ischemia injury model. Therefore,
based on the literature and our research, we believe GSK3[3
might be an important connection point on the impetus of
metformin on osteogenic differentiation of ASCs. When
metformin activated the cell autophagy of ASCs, it also
gave a negative feedback effect on GSK3p. The expression
suppression of GSK3f by metformin relieved its inhibit-
ing effect on the cell autophagy and Wnt signaling path-
way ultimately promoted the recovery of osteogenic
differentiation ability of ASCs. In our next stage, we will
continue to in-depth study about the molecular mecha-
nisms of metformin and GSK3p regulating the osteogenic
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differentiation of ASCs in the diabetic microenvironment
and provide more experimental evidence to promote the
application of metformin in bone repair and regeneration
with diabetic osteoporosis.

Conclusion

Current results demonstrated that the expression of auto-
phagy and the Wnt signaling pathway was significantly
inhibited under the high-glucose culture environment, re-
sulting in the damage of the osteogenic differentiation abil-
ity of ASCs. As an autophagy agonist, metformin resisted
the negative effects of high glucose and restored the activity
of autophagy and the Wnt signaling pathway, playing a
positive role in the osteogenic differentiation process of ASCs.
This study elaborated a mechanism of metformin reducing
the inhibitory effect of high glucose on the osteogenic dif-
ferentiation of ASCs by activating cellular autophagy and
the Wnt signaling pathway, which provided a possibility for
the application of metformin in transplantation of ASCs for
bone repair under diabetes osteoporosis conditions.
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1) B#(Goal) PD-1 blockade cancer immunotherapy has prevailed in the world as the first line of cancer therapy these days.
However, this immunotherapy sometimes induces adverse events Immune Relating Adverse Events (irAEs) are the major side
effect of immune checkpoint inhibitors (ICIs) in cancer immunotherapy, such as PD—1 blockade antibody administration. irAE is
generated by the over—activation of T cell immunity and the off-target(Ye, W.et al. Br J Cancer 124, 1661-1669 (2021)(1).The
incidence of clinical irAEs is around 10 % among the ICI-treated patients, and 30-40% are severe (more than grade 3) among
those who experienced irAEs at any level(Golnaz Moradet al.cell 184, October 14, 2021)(2). Mechanism investigation and
biomarkers identification of irAEs is important for better—-personalized medicine, and prevention or earlier intervention of
irAEs1.(Jing, Y. Nat Commun 11, 4946 (2020)(3).

2) B{R& (Approach) This laboratory has studied immune metabolism in the field of cancer immunotherapy. Our group already
published the prediction biomarker of ICI responsiveness using plasma metabolites which are related to microbiota (Hatae et al,
JCI insight 5:¢133501, 2020)(4). We will take similar methods to identify the prediction biomarker of irAE. Note that as plasma
metabolites will be identified using the patients’ blood before the first ICI treatment, these metabolite markers will be
predictive, but not prognostic. After the identification of metabolite biomarkers, we will investigate the physiological meaning
and mechanism of the metabolite biomarkers using cross—disciplinary methods and technologies.

3) # %1 &% (Materials and methods) In collaboration with Kyoto University hospital, we gathered the plasma from 200-300
patients who experienced ICIs including those with non—small cell lung cancer, renal cell carcinoma, and urothelial carcinoma.
Around 300 metabolites were measured in the plasma before the 1st injection of PD—1 blockade antibody by liquid
chromatography—mass spectrometry. In order to identify the metabolites which discriminate the patients with irAE and without
irAE, we compared each metabolite level between the patients with irAE and without irAE. To understand the physiological
meaning of the identified metabolite markers, we tested the blood metabolites in the autoimmune disease mouse models
including NOD diabetes models and contact hypersensitivity models (skin inflammation model) which is one of the most
frequent symptoms of irAE. To understand the function of the candidate metabolite biomarkers, we analyzed the inflamed
tissues and the infiltrated immune cells. Integrating the latest technologies such as metabolomics, single—cell sequencing
analysis and comprehensive cytokine detection assays, we will analyze the mechanism by which the candidate metabolites
regulate the onset of autoimmune responses. Please see the overall picture of the analysis strategy in Fig. 1.

4) EERHER (Results) By comparison of the plasma metabolites between patients with irAE and without irAE, we detected
several metabolites which could predict irAE patients before starting the treatments. Among the candidates, metabolite A is
prominently high in the irAE patients (Fig. 2). We found this metabolite was also upregulated in the NOD diabetes mouse model
before the onset of disease and gradually increased by aging (Fig. 3). When we intravenously injected the metabolite A, the
skin inflammation of CHS was attenuated, indicating that metabolite A serves as an immune modulator. Interestingly, the
transporter of metabolite A is ubiquitously expressed on the cells, the expression of which is reduced by inflammatory
cytokines.

5) #£%Z (Discussion) We successfully identified the candidate of metabolite biomarker for irAE patients before the treatment.
This discovery should improve the diagnosis of cancer immunotherapy and personalized medicine. Although the physiological
meaning of upregulation of metabolite A in the irAE patients even before the treatment still remains largely unknown, we will
dig further using molecular biology methods and single—cell sequencing analysis of the inflamed tissues. Nevertheless, we
hypothesize the mechanism as follows. 1) The patients who will have irAE by the treatment have micro—inflammation in the
organs. 2) The systemic circulation of low does of inflammatory cytokines in such patients reduces the transporter of
metabolite A. 3) The reduction of transporter results in the upregulation of metabolite A in the blood. We will search more in
the next year. Thank you very much for the support of my scientific life. I really appreciate the H || EFEFE.
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