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PAC PIEM CUA EXOSOME TIET TU TE BAO GOC
TRUNG MO DAY RON SO’ CAP
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Tém tat

Muc tiéu: Phan lap va danh gia exosome (EX) tir t€ bao goc trung mé diy rén
(TBGTMDR) so cAp nham rng dung trong nghién cru y hoc tai tao. Phwong phdp
nghién civu: Str dung phwong phap nudi cdy 2D TBGTMDR so cap dé tiét EX. EX sau
do6 dwoc phan 14p bang phwong phap siéu ly tAm theo cac truong luc khac nhau va
danh gia diac diém bang cac phwong phap soi chup dwdi kinh hién vi dién ti truyén
qua (transmission electron microscopy - TEM), mién dich mang lai (Western Blot), ky
thuit do xung dién tré. Két qud: TBGTMDR nudi ciy 2D dé tiét EX déu c6 hinh thai
dién hinh giéng nguyén bao soi, biéu hién diu an sinh hoc dwong tinh > 95% va nhém
am tinh < 2%. Hiéu sudt tiét dat trung binh 360,748 + 59,96ug protein EX/32,267 +
2,12 x 106 t& bao. EX thu dwoc cé dac diém: Hinh thai chiéc coc, biéu hién diu 4n chi
thi CD63 va CD9, kich thwéc trung binh 1a 79 + 19,5nm, gia tri mode la 71nm, phan bé
tr 55 - 234nm. Dién thé hat zeta trung binh cta EX 1a -16mV va gia tri mode la -10mV.
Két ludn: Phan 1ap dwoc EX tir TBGTMDR nubi cy 2D so cdp cé day da dac diém dién
hinh ctia EX, phut hop cho cac thir nghiém tiép theo.

Tir khéa: Exosome; Té bao goc trung mo day ron; DPién thé hat zeta.

CHARACTERISTICS OF EXOSOMES SECRETED FROM PRIMARY
UMBILICAL CORD-DERIVED MESENCHYMAL STEM CELLS

Abstract

Objectives: To isolate and characterize exosomes (EXs) from umbilical cord-derived
mesenchymal stem cells (UCMSCs) for application in regenerative medicine studies.
Methods: 2D culture of primary UCMSCs was used to secrete EXs. EXs were then isolated
by differential ultracentrifugation and characterized using transmission electron
microscopy (TEM), immunoblotting (Western Blot), and pulse impedance measurement.
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Results: UCMSCs in 2D cultures, which were used to secrete EXs, expressed typical
fibroblast-like morphology, showing positive biomarkers (> 95%) and negative
markers (< 2%). The average secretion yield was 360.748 + 59.96ug of exosomal
protein/32.267 + 2.12 x 10° cells. The obtained EXs have the following characteristics:
cup-shaped morphology; expression of CD63 and CD9 markers; an average size of
79 + 19.5nm, mode value of 71nm, and a range of 55nm to 234nm. The average zeta
potential of the EXs is -16mV, and the mode is -10mV. Conclusion: EXs isolated from
2D-cultured primary UCMSCs possess all the typical characteristics of EXs, suitable for
further testing.

Keywords: Exosomes; Umbilical cord-derived mesenchymal stem cells; Zeta potential.

PAT VAN PE

Té bao goc trung mo6 (TBGTM) la loai
té€ bao goc da tiém nang, cw tru trong cac
mo trwedng thanh nhu tiy xwong, mé mao,
mau cuéng rén, diy ron, tdy rang va gan.
V&i kha nang tw ti tao va biét héa thanh
cac dong té bao trung mo, loai té€ bao nay
tré thanh déi twong nghién ctu tiém
nang trong y hoc tai tao [1]. Trong do,
TBGTMDR ngay cang dwoc quan tam
nh¢ nhirng loi thé doc ddo: Kha nidng
tang sinh vwot troi, khad nang sinh mién
dich thdp hon so v&éi TBGTM tuy xuwong,
viéc thu thidp mé hién khéng xam lan [2].
Khi nuéi cdy trong diéu kién xac dinh,
TBGTMDR duy tri hinh thai, ki€éu hinh
mién dich va thoi gian nhan déi 6n dinh
qua nhiéu lan ciy chuyén, tao diéu kién
thuén loi cho viéc chuin bi nguén té bao
16n phuc vu cac muc dich nghién ctru va
diéu tri [3].

Thuat ngit “exosome” dwoc Johnstone
va CS dé xuit vao nam 1987. EX 1a cac tui
ngoai bao mang vat liéu sinh hoc, dwoc
tiét ra tir hau hét cic loai té€ bao. Véi
dwong kinh nho tir 50 - 150nm, ching di
chuyén trong dich co thé, truyén tin hiéu
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phin tr twong tac giira cac té bao, tac
dong dén hoat dong cuia cac té bao dich.
Chirc ndng ctia EX lién quan dén ngudén
g0Oc té bao tiét ra ching. Pién hinh la cac
té bao mién dich (bao gom té& bao T, t&
bao B, dai thwc bao va té bao tua), tao EX
dé kiém soat phan (rng mién dich. T bao
goc giai phong EX gilp tang cuwong kha
nang tai tao cuia ching [4].

Gan day, c6 nhiéu nghién ciru tap trung
vao cong dung ctia EX trong viéc hoi phuc
vét thwong. TBGTMDR - EX ¢6 hiéu qua
twong tw véi TBGTM, nhwng khic phuc
dwoc cac rai ro lién quan dén liéu phap
té€ bao song. Chung 6n dinh, hoat tinh
sinh hoc manh hon va han ché phan &ng
mién dich t6t hon. Nhirng diéu nay cho
thay tiém ndng rng dung cta EX trong ca
tién lam sang, 1am sang va xa hon trong
viéc dinh hinh lai y hoc tai tao [5]. Viéc
toi wu hoa ca nguodn té bao va phwong phap
phén 14p dé tao ra EX hiéu qua trong y
hoc téi tao va tri liéu da tré nén cap thiét.
Do vay, nghién ctru nay dwoc thuc hién
nham: DPdnh gid ddc diém cia EX phdn
lap dwoc ttr TBGTMDR so cdp véi tiém
ndng wng dung xa hon trong y hoc tdi tao.
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pOI TUONG VA PHUONG PHAP
NGHIEN CU'U

1. Pdi twong nghién ciru

La nhirng EX tiét ra tr TBGTMDR so
cip nubi ciy 2D. Qua trinh nudi ciy té bao
dé thu nhan EX, ciing nhw quy trinh phan
1ap EX dworc thuce hién tai Trung tam Cong
nghé cao Vinmec, Bénh vién Pa khoa
Qudc t& Vinmec va Vién nghién cru Mién
dich Vinmec-VinUni.

2. Phwong phap nghién ciru

* Phwong phdp nudi cdy TBGTMDR:
TBGTMDR so cdp & lan ciy chuyén thir 5
(P5) (cung cap béi nhém nghién ciru EV,
Vién nghién ctru Mién dich Vinmec-VinUni),
dwoc gieo v&i mat d6 375.000 té
bao/chai T75 (Nunc, Thermo Scientific,
Massachusetts, Hoa Ky) da dwoc phu
mot 16p co chdt CTS™ CELLstart™ (pha
lodng trong PBS vé&i ty 1€ 1:300) trong
moi trweong Dulbecco’s Modified Eagle’s
Medium/F12 (DMEM/F12) (Gibco,
Massachusetts, Hoa Ky) c¢6 b6 sung 10%
huyét thanh thai bo (FBS) (Gibco,
Massachusetts, Hoa Ky). Té bao dwoc
nudi & 37°C, 5% CO2 tlr 4 - 5 ngay dén khi
bao pht 80 - 90% bé mat chai nudi ciy,
tién hanh cay chuyén. Dich néi nudi cay
dwoc thu thap dé phuc vu cho qua trinh
phan lap EX. TBGTMDR con lai duoc
phéan tach khéi bé mat chai nubi ciy va
thu lai d€ phan tich ddu 4n sinh hoc bé
mat té bao & cac budrc tiép theo.

* Phwong phdp phdn tich ddu dn bé
mdt té bao: TBGTMDR sau khi thu hoach
& P5 sé dwoc xac dinh ddu 4n bé mat
bang phwong phap phan tich té€ bao theo

dong chdy (flow cytometry) vé&i bod
Human Analysis Kit (BD Biosciences,
Hoa Ky), bao gbm cac khing nguyén
dwong (CD90, CD73, va CD105) va cac
khang nguyén am (CD45, CD34,
CD11b/CD19, va HLA-DR). Quy trinh thuc
hién theo Huwdng dan ctia bd kit va té€ bao
dwoc 0 voi khang thé & diéu kién toi dé
tranh anh hwéng dén kha nang phat
huynh quang. Mau t€ bao dwoc doc va
phian tich biang may flow cytometer
(Beckman Coulter, Hoa Ky) tich hop phan
meém Navios 3.2 d€ phan tich dir liéu.

* Phwong phdp phan Ildp EX: Khi
TBGTMDR & P5 nuo6i dat d che phu 80 -
95% bé mat chai nudi cdy thi tién hanh
thu hoach dich néi. Tiép theo, dich noi
dwoc ly tdm & luc 16.500 x g/30 phut
(Optima  XPN-100  Ultracentrifuge,
Beckman Coulter, Hoa Ky) dé loai bé cidn
1a t€ bao chét, manh vun, thé té€ bao chét
theo chwong trinh va cac vi thé. Dich noéi
ti€p tuc dwoc ly tAm & 100.000 x g/90
phiat/4°C dé thu cidn 1a EX. Can EX thu
dwoc sé tai huyén phu trong 1mL PBS,
chia nho vao cic 6ng (0,1mL/1 6ng) va
bado quan & -80°C dé st dung cho cac
phén tich tiép theo.

* Phwong phdp ddnh gid hinh thdi EX
bdng TEM: Cac mau EX sau khi dwoc ra
dong dwoc cd dinh bang paraformaldehyde
4% va sau d6 dat lén cac lwéi phua
Formvar-carbon (Ted Pella Inc, California,
Hoa Ky). Sau do, rira mau bang PBS trudc
khi dwoc nhudém bang uranyl-oxalate dé
kho & nhiét do phong. EX dwoc quan sat
bang kinh hién vi dién t truyén qua
JEOL 1100 (JEOL Ltd., Tokyo, Nhat Ban)
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& hiéu dién thé 80KV tai Vién Vé sinh
Dich té Trung wong (NIHE).

* Phwong phdap Western blot ddanh gid
marker exosome: Protein tong s6 EX dwoc
tach chiét bang dém RIPA (Thermo Fisher
Scientific, Hoa Ky) va sau d6 dwoc dinh
lwgng bang bo kit Pierce™ BCA Protein
Assay (Thermo Scientific, Massachusetts,
Hoa Ky). Mdi giéng ctia gel NuPAGE 4 -
12% (Invitrogen, Massachusetts, Hoa Ky)
dwoc nap 15pg protein EX va tién hanh
dién di. Sau do, cac bang protein dwoc
chuyén 1én mang trwéc khi dwgc G véi cac
khang thé so cidp khang CD9, CD63 va
o-Tubulin (Santa Cruz, Biotechnology,
Hoa Ky), tiép theo G v&i khang thé thi cip
goat anti-rabbit IgG (Thermo Fisher
Scientific, Hoa Ky). Phan &ng gan khang
th€ dwoc phat hién bang co chit phat
quang hoda hoc ECL (Sigma-Aldrich,
Singapore), va hinh anh cac bang protein
dwoc ghi nhan bang hé théng ImageQuant
LAS 500 (GE Healthcare Life Science,
Piscataway, New Jersey, Hoa Ky).

* Phwong phdp danh gid ham lwong
protein toan phdn bdang BCA: Nong do
protein tong s6 trong EX dwoc xac dinh
bang kit Pierce™ BCA Protein Assay
(Thermo Fisher, My) st dung phwong
phap do quang phé. Bo kit nay dwa trén
phan rng tao mau cua acid bicinchoninic
(BCA) dé dinh lwong protein. Cu thé, trong
moi treong kiém, lién két peptide chuyén
Cu?* thanh Cul*. Mdi nguyén tir Cu* tao
phtrc v&i hai phan tir BCA, hinh thanh
phirc chat mau xanh tim, hip thu cwc dai &
budc séng 562nm. Nong dd phirc chit ty
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1é tuyén tinh véi nong dd protein trong
khoang 20 - 2000 pg/mL. Gia tri OD cta
dai protein chuin dwoc dung dé xay dung
dwong chudn, tir d6 xac dinh dwoc ndng do
protein trong mau.

* Phwong phdp ddnh gid kich thwoc
hat va dién tich exosome bdng Exoid Izon:
Kich thwéc, ndng d6 hat va dién thé zeta
ctia EX dwgc do bang hé théng Exoid Izon
st dung Ky thuat do xung dién tré cé thé
diéu chinh TRPS (Izon Science Limited,
Christchurch, New Zealand). May dwoc
hiéu chinh bang hat chuidn 100nm (do
hidng cung cip) trwdce khi tién hanh do
mau. EX véi nong do 3000 pg/mL dwoc
phaloing 100 IAn trong PBS 1X. M4u sau
khi dwgc pha loang sé dwgc bom vao
ranh trén mang nanopore v&i mot lwong
la 35uL va ddm bdo khong tao bot khi.
Qua trinh thu dir liéu bat dau khi hé s6
nhiéu RMS xuéng duwéi 15 va dong dién
nén dat 6n dinh tai 140nA. Exoid thuc
hién mot phép do v&i 500 diém/ap suat
200 Pa/2 dén 3 phut. Giira cac lan do,
dong nén dwoc kiém tra bang té bao tham
chiéu cia Exoid tai OmV va + 1.000mV. Dir
liéu thé dwoc xir ly biang phin mém
Exoid Control Suite va xudt sang Izon
Data Suite dé€ phan tich siu. Phan bé kich
thwéc EX dwa trén bién do xung dién,
nong dé hat dwoc tinh tir tin suit do
dworc hat trén théng s6 hiéu chuin va thé
zeta dwoc suy ra ttir d6 linh dong dién di.

* Phwong phdp phadn tich va trinh bay
s6 liéu: Dir liéu dwoc trinh bay dwdi dang
hinh anh va gia tri trung binh + do léch
chuan (X £ SD).
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3. Pao dirc nghién ciru

Két qua ctia nghién cru nay la san
phdm ctia dw 4n ma s6 NCUD.03-2023.09
(03/2024/KHYDNN/NCUD) do Quy
Phat trién Khoa hoc va Cong nghé Qudc gia
tai tro, dwoc thwce hién theo Quyét dinh

s6 17/Qb-HPQL-NAFOSTED ngay
24/3/2024. S6 liéu nghién ciru dwoc
Vién Nghién cttu Mién dich Vinmec-
VinUni va Trwong Pai hoc Khoa hoc Tw
nhién cho phép st dung va cong bé.
Nhém tac gid cam két khong c6 xung dot
loi ich trong qua trinh nghién ctru.

KET QUA NGHIEN CU0'U

1. Két qua nudi ciy TBGTMDR

TBGTMDR dwoc nudi dén giai doan ciy chuyén P5 dé chuin bi tiét EX cho nghién
ctru. K&t qua & hinh 1 cho thdy TBGTMDR PS5 c¢6 hinh thai dién hinh dang thudn dai
giong nguyén bao s¢i, hinh thai dong nhit va té bao bam dinh xuéng bé mat chai
nudi ciy (Hinh 1A). Khi thu hoach té bao dé phan tich diu 4n chi thi chia TBGTMDR
P5, két qua cho thdy nhém dau 4n 4m tinh biéu hién < 1% (0,225 + 0,126), nhém dau
an dwong tinh déu biéu hién > 95%, gom c6: CD73 (99,875 + 0,05), CD90 (99,975 +
0,05) va CD105 (99,85 + 1,05). Hinh 4nh dai dién thé hién & hinh 1 (tir B1 - B5). Cac
két qua nay twong dong v&i cac bao cio trwde diy cua ching téi va cac cong bo khac

trén thé gidi.
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Hinh 1. Hinh thai va didu 4n cia TBGTMDR P5. A) Hinh thai té bao trong nu6i cay.
B1) Hinh &nh phén tich té bao theo dong chay (flowcytometry) chwa phén tich;
B2) Hinh 4nh phén tich nhém diu 4n 4m tinh, B3) Hinh dnh phéan tich CD73;
B4) Hinh anh phan tich CD90; B5) Hinh anh phan tich CD105.
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2. Két qua hiéu suat phan lap EX

Bang 1. Két qua dinh lwong protein téng so thu dwoc tir EX
c6 ngubn goc tir TBGTMDR.

Mau S6 lwong té bao Thé tich dich néi l\!‘(‘)ng do protei~n
(x 109) thu dwoc (mL) tong so6 (ng)/mau
1 30 120 330,999
32,6 120 321,483
3 34,2 120 429,762
X +SD 32,267 +2,12 360,748 + 59,96

Két qua & bang 1 cho thdy, sau khi dwgc phan 1ap tlr moi truong nudi ciy
TBGTMDR, EX dwoc pha lodng va bdo quan trong PBS & -80°C. Vé két qua dinh lwong
protein EX t6ng s6, véi mdi 120mL dich ndi thu tir nudi cdy TBGTMDR, chiing t6i thu
dwoc 330,999ug (EX_TBGTMDR1), 321,483ug (EX_TBGTMDR2), 429,762ug
(EX_TBGTMDR3).

3. Hinh thai va dac diém diu in cta EX tiét tir TBGTMDR

EX sau khi phan 14p dwoc danh gia ddc di€m hinh thai va diu an (Hinh 2). Két qua
soi dwéi kinh hién vi truyén qua (TEM) cho thiy EX c6 hinh chiéc c6¢ (Hinh 2A). Cac
mau EX déu c6 biéu hién CD63 va protein ndi kiém o-tubulin manh. D4u 4n CD9 c6
bi€u hién nhwng yéu hon CD63 (Hinh 2B).

iy ay
SEEeTh, TR B ~ ~ <~
LI 4 100 nm 50 KDa _._ a-Tubulin
. CD63
L 29KDa —»
27KDa . O

[V T T e R, o A T

Hinh 2. Hinh thai (A) EX va diu 4n EX (B). Thanh ty 1é (scale bar): 100nm.
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4. Pic diém Kkich thwérc va dién thé EX phan 1ap tir TBGTMDR

Bén canh phén tich hinh thai va dau 4n chi thi EX, ching t6i tién hanh phéan tich
kich thwéc va dién thé zeta cia EX bang ki thuat Exoid dwa theo nguyén ly cdm bién
xung dién tré cé thé diéu chinh (Tunable Resistive Pulse Sensing - TRPS). Két qua
cho thiy, kich thwéc trung binh 1a 79nm (+ 19,5), gia tri xuit hién nhiéu nhat (Mode)
12 71nm, dai phan bé tir 55 - 234nm. Kich thuéc trung binh cta EX ndm trong phd
khuyén cdo cia Hiép hoi Quéc té vé thé tiét ngoai bao (International Society for
Extracellular Vesicles - ISEV). Dién thé zeta ctia EX c¢6 gia tri trung binh la -16mV

(Hinh 3A) va Mode la -10mV (Hinh 3B).
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Hinh 3. Dic diém kich thwdc hat va dién thé zeta ctia EX do bang ki thuat Exoid
dwa theo nguyén ly cdm bién xung dién tré cé thé diéu chinh.

BAN LUAN

Két qua nudi cdy TBGTMDR & P5 cho
théy té€ bao c6 hinh thai dién hinh dang
thoi, bAm dinh va phat trién déng nhat
trén bé mat chai nudi ciy. Pay la dic
diém dic trung cia TBGTM trong diéu
kién nudi cdy in vitro. Bén canh do,
két qua phan tich marker bang flow
cytometry cho thdy cac diu an dwong
tinh (CD73, CD90, CD105) déu dat > 95%,

trong khi nhém marker am tinh < 1%.
biéu nay phu hop véi tiéu chudn xac
dinh MSC ctia Hiép hoi Qudc té vé Liéu
phap Té bao (International Society for
Cellular Therapy), dong thoi twong dong
v&i nhiéu nghién ctru da céng bé trudc
dé. Nhw vay, nguén té bao st dung trong
nghién ctru cé do tinh sach va tinh déng
nhit cao, 1a tién dé quan trong dé thu
nhin EX 6n dinh va dang tin ciy.
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Trong nghién cttu nay, EX dwoc phan
1ap tr TBGTMDR theo quy trinh da dwoc
phat trién trwéc ddy cda nhém. Cac EX
thu thidp dwoc c6 dic diém 6n dinh va
twong déng v&i cac nghién ciru da cong
b6 vé dic diém hinh thai, ddu 4n chi thi
va kich thwéc. Sw hién dién cia cac dau
an chi thi ddc trung da dwoc xac nhin
thong qua phan tich Western Blot, véi
két qua cho thdy CD63 biéu hién manh
hon CD9. Sw khac biét vé mirc d6 biéu
hién nay c6 thé lién quan dén nguodn goc
t€ bao va trang thai sinh ly cta EX, do
CD63 thuwong dwoc ghi nhan la ddu an
chi thi phé bién va 6n dinh hon. Ngoai ra,
sw hién dién cua protein ndi kiém
a-Tubulin gép phan xac nhin chit lwong
mau protein. Cac két qua nay cho thiy EX
thu thidp dwoc ddm bdo chit lwong dé
trién khai cac thir nghiém tiém nang cta
EX trong cac nghién ctru tiép theo. Bén
canh do6, day la nghién ctru tién phong &
Viét Nam khdo sat dién thé zeta, con goi
la dién thé mang cua EX. Theo d6, EX
mang dién thé dm, trung binh khodng -
16mV va mot ty 1é cao nhat cac EX c¢6
dién thé & -10mV. Két qua nay twong
dwong véi nghién ctru cia Takanori
Akagi va CS vé EX tiét ra tir cac dong té
bao nguwoi c6 dién thé 4m va tip trung
xung quanh -10mV [6]. Thong thwong,
EX mang dién tich bé mit 4m do sw hién
dién cua lipid va protein nhw acid sialic
trén mang cda ching [7]. Dién thé zeta
nay cho biét d6 6n dinh keo cua ching,
voi cac gia tri Am hon thwong cho thay
suw két tu it hon va cé d6 6n dinh cao hon
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trong dich sinh hoc. EX tiét tir loai té bao
khac nhau cé biéu hién gia tri dién thé
mang (dién thé zeta) khac nhau [6, 8]. Cu
thé, nghién ctru cia Takanori Akagi va CS
(2016) cho thiy dién thé zeta ctia EX tir
té bao ung thw 1&n hon so véi té bao binh
thwong, va dién tich am lén cia EX ung
thw la do lwgng lon acid sialic [6]. Do vay,
viéc phat hién gia tri dién thé cia EX
trong nghién ciru nay rat quan trong
trong cac nghién ciru ti€p theo khi két
hop EX véi cac vat liéu khéc, chang han
nhuw hydrogel, dé phat trién thanh cac
san phdm rng dung cho diéu tri.

Mac du nghién ctru nay da dat dwoc
két qua kha quan nhwng van con mot s
han ché cin dwoc ghi nhin va lam ro.
Thi nhit, cic marker lién quan dén qua
trinh hinh thanh EX (CD9, CD63) da
dwogc xac dinh, nhwng van con thiéu cac
marker am tinh va marker bam bao quan
trong EX. Thit hai, phwong phap siéu ly
tam dwoc st dung trong nghién ctru nay
cho hiéu qua phan lap EX cao nhung do
tinh sach con han ché cdc quin thé
microvesicles c6 thé bi 1an trong quan
thé EX. Bén canh d6, diy 1a nghién ctru
buéc diu, c@ mau nghién ciru van con
nhé va chwa danh gia dwoc chirc nang
sinh hoc clia EX. Do vy, van can c6
nhitng cai tién nhu ting c¢& mau nghién
ctru nham nang cao va khang dinh tinh
déng nhat va do 6n dinh ctia EX thu duorc.
Dong thoi, trién khai cdc nghién ctru thir
nghiém tiém ndng tac dong cia EX doi
v&i chirc nang sinh hoc té bao.
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Nghién cru nay da phan lap thanh
cong EX tr TBGTMDR so cdp nudi ciy
2D. EX thu dwoc c6 ddy du dac diém 6n
dinh gbm hinh thai, ddu 4n chi thi (CD9,
CD63), kich thwéc (79 + 19,5nm). Pong
thoi, nghién clru da xac dinh dwoc dién
thé zeta 4m ctia EX (-16mV). Cac két qua
nay khang dinh rang EX thu dwoc dap
rng cac tiéu chuan co ban dinh danh va
chat lwgng. Diy la yéu té quan trong, lam
co s& dé phat trién trong cac nghién ctiru
ti€p theo vé chirc ning sinh hoc cia EX
va két hop EX v6i cac vat liéu khac nham
phat trién phwong thirc diéu tri tién tién
ki€m soat liéu va toc do nha thudc EX.
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