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1 HFZEEEY

Platelet transfusion is a crucial lifesaving treatment to stop for bleeding in patients who suffer
various disease conditions. Currently, platelet resource is donor dependent in clinics. This limits
the stable supply of platelets to patients in urgent situations, remote areas, and in developing
countries. To establish a robust pipeline for supplying platelets in the clinic, an induced
pluripotent stem cell (iPSC)-based strategy has emerged. However, the recent progress of the
IPSC-based strategy has successfully established a concept for clinical-scale generation of
platelets, generation of fully functional platelets is still challenging due to a lack of
understanding regarding the molecular mechanisms underlying platelets biogenesis from
megakaryocytes (MKs). Mitochondria are an indispensable organelle to maintain cellular
activities. However, the functions of mitochondria in platelet biogenesis are largely unknown.
To this end, a major bottleneck is the lack of platforms to recapitulate the cellular processes of
in vivo platelet biogenesis for in vitro multifaceted studies using various biochemical and
biophysical analytical techniques. In this study, we developed an easy-to-use turbulence
generator system (TGS) that recapitulates the cellular process of in vivo platelet biogenesis in
typical cell culture dishes.

2 BrFEGIE

In vivo, using two-photon microscopy, bone marrow MKs are visualized in CAG-GFP mice.
Mitoctracker red FM dye is possible to label mitochondria morphology either in vivo and in
vitro. The imaging technique combines with particle imaging velocity (PIV) analysis enable to
measure fluid force and direction during the thrombopoietic process in in vitro and in vivo.
Analyzing bone marrow physiological thrombopoietic condition, newly turbulence flow is
mimicked by TGS in the cell culture scale. Taking this advantage, we cultured MKs from fetal
liver and iPSC-derived MKs under turbulence stimulation in vitro.



3 HrIERR

Previously, we have revealed that not laminar, turbulent flow accelerated platelet release
from MKs in living mice bone marrow. In this study, our intravital imaging observed that
turbulent flow triggered mitochondria fragmentation in thromobopietic MKSs in the murine bone
marrow. Further, the fragmented mitochondria in platelets are crucial to maintaining activation
capabilities of circulating platelets in mice. To link these findings, we developed the TGS that
is inspired with the native setting of platelet biogenesis in MKs under turbulent blood flow. The
TGS can be attached to typical cell culture dishes and efficiently trigger platelet biogenesis
from isolated murine MKs. By using TGS, we successfully visualized the dynamics of
mitochondrial fragmentation in iPSC-derived MKs and active transfer processes of fragmented
mitochondria from MKs to platelets.
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On the conventional cultured conditions, turbulent and laminar flows are difficult to be
analyzed and controlled. However, our TGS system is enabled to visualize the response of the
cell to each mechanical factor, and regulate force determination independently. We reproduced
similar flow conditions to physiological ones in living bone marrow, and under such turbulence
stimulation, the thrombopoietic process was physically and genetically upregulated. This study
would provide further opportunities to understand the biological machinery of platelet
biogenesis toward achieving an improved quality of platelets into clinical applications.

5 fawm

In this study, we revealed that mitochondrial dynamic is a key player in the production of
functional platelets from MKs stimulated with the turbulent flow. High spatiotemporal intravital
imaging evidenced mitochondrial fragmentation in thrombopoietic MKs in the bone marrow of
mice. Furthermore, the detailed process of mitochondria fragmentation was visualized in
proplatelet production in MKs under turbulent flow stimulation in a cell culture system with
the TGS. These findings suggested a feedback loop for promoting platelet biogenesis via
mechano-stimulated mechanism and transportation of fragmented mitochondria into functional
platelets.

MXEBEDHRDES
FRSCHE < LR T MR A T B ERRICE 5 < k= B T Ol

AN T/ MR ZFEATE R0, EEEOREXZRFEO—DIZ> T D, FERKE: - JLHRHI
HliE, & b iPS lEs & BEAZERMIAEE 2 /B U, [RIFEIE D & /M A PE L, BRRISHIZE3 2
FEZED TS, LL, ZOEBERNOLT LLIR LI M/IMENEESNRNZ &, $2
PEA ST M/ L & > TRNWZ ERPEE o> TV D, ABFFEIE Z OFEIC RHUC PR
L7z, TR, HEEE DI, BBERZERD S I/ IME~D LB, D F1FEM K+, 5
ROLERENEE TS Z A2 R Lz, 2 LT AREHN TR LN ELHRZIF O in vitro |2



BT 5HH % B8 LT, Turbulence-Generating System (TGS) #{EflL7-, JLEEZIZ/HE b
iPS HMEfa SR EEHIak 2 AF L, [FHIRED B ELIEHRIRIC & - T/ R 2 & 0 2ha K < Ak &
HHZ LI LTz, ZOfRIE, IEFITENTWS, oI, G cakib Sz Fﬂ
¥ R U TIEEHA R S Ve MR O 72 ey = v T éﬂé & & oo ARSI
@%%LTLKO
TR DKM & - 72, #1213, Introduction @ 1.6 Aim of this study D 1%(Z 1.7 Brief

ofconclusmn DN H DN, ZO28ITE LD %ﬂéfﬁ)% 9 o

FaOCIERRRL, A S NEEZLELE L, flxiX, 2 b R TEEMIT
mitochondrial Voltage LRE SN TWD R, 20X D 72 HEE if #7°, IE L < |d mitochondrial
membrane potential TH 5,

BEETNEEZAITMEELLHER, K UIF L eE L TSSO LW ERE TR LN
7

EKRABRODHEROES

SRR - ELRF T IMRZ EAT D ERERICEIT S I ha sy R T ol Ak

REEFIT. PR XONED L BV ICHFETHEREIToT0, NEDETIX TFaSGREEDORE R
WCE LBV THD, BEENDIT, EBROTE, T—XOfFIR, BEENFIZELET, £

OEBNH SIS, WTNOEMIZH L THIRENE LI, 2R E L THERRERIGEN
T, BRISEIILUTOEY Thd Y,

vy

k= B U T RERE & I MR OTEHEAL OFRE 2 DWW TR LT, Al 5 FCCP & v
T hary N T7OREMEELESEZE Z A, bu v v U iFHEEOTREEESE D4Rk, GPIbalpha,
alphallbbetad OIEMALIL, £ THEI NIz, £ 2I2H NI R ER 2R LT-E 2 A,
GPIbalpha Oy fRIZINHI S 7=h, T OMITEEN o7, A, 2 Far KU 7IEMEIR,
alphallbbetad @ LD 7 FAZRPET HEZEZLNDENE I D, EWVWHEMIZK L, LoD
HAT—RIZOWTHH L, BIEDO L ZARHTHD L DRIERH 7, Tz, /IS LY
TFEND—>THDADPREICE L THHIEL CWWRWnWEDZ EThoTz,

DF AT =X LORRFE UCELHRIIC L 0 BB 5 I h =2 Y 7 5% A+ Drpl ©
PRI L0 | /RO ERRIC L 5 2 BBV 2 A, RIS TEENRDH L L RE N H T,
F72, p62 X° Drpl O EFHIZLY, ~A b7 7 U—MEHE L TV DRIV E Z A, Parkin X
Pinkl 2 EN EHLTELT, v~ M 77 V—ZELTWRNWEEZEZ LN EORE TH- T,

t MZBWT p62 LHERER (A U < 4% HDACS6 (Zx9 2 BLESIIBEICE K OB THWH T
mélﬂmcm$1@&5ﬁ;ﬁ 2 A5 M/ MBS, i/ MRF O har R T ORTED B
HoTWDAH ﬁLOMT@m&i@%@#oto_@Tﬁﬁpowf LA, BEfLe
W EDREIEND - T,

FEEPCRICBWTHRY TIVEN 2 LW HLEL LT, tBEEITo7=2 &I LERM
Liz& 2 A, BMEEBNDRNWEWIEIETE 720D T, ZOT—XIIHIRE 2o 7=,

Llb, B ORER LOHERISE O FAEBRANREABRICEH &1k L7z,



