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SCIENCE & TECHNOLOGY PULSE

Caenorhabditis elegans — dong vat mo hinh trong nghién ciru Sinh hgc phin
tur

Lé The Son"’

1Vién Cong nghé Sinh hoc Lam nghiép, Dai hoc Lam nghiép Viét Nam, Ha Ngi, Viét Nam
*Dia chi email cua tac gia: sonacademiasinica@gmail.com

ARTICLE INFO ABSTRACT
Editor: o To explore the biological principles, biologists have been using different model organisms
Vuong Vin Thu, University of Toronto. such as E. coli, yeast, Drosophila, mice, human cells, Arabidopsis, maize and so on. Since
Corresponding author: none of them is perfect and appropriate for various types of research, biologists have to
Lé Tho Son select suitable models for their specific reseearch focuses. This paper introduces

sonacademiasinica@gmail.com Caenorhabditis elegans (C. elegans), a tiny round-worm species, as an organismal model,

and its fundamentally biological characters. Since the first genetics studies by Sydney

Keywords:

Caenorhabditis elegans Brenner in 1963, C. elegans has become commonly used for research on functional
Chtre nang cua gen genetics, cell and developmental biology, evolution and bio-medication. This paper reports
g;il four biological breakthroughs from C. elegans, including apoptosis, green fluorescence
Chuyén gen protein, RNA interference and aging. Additionally, we also present our research on

Caenorhabditis biodiversity and the effects of females on males' behaviors using C. elegan.
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Tém tit

Dé hiéu dugc nhidu quy luat sdng cia sinh vat, con
ngudi da s dung nhiéu mo hinh khac nhau nhu E. coli,
ndm men, rudi dim, chudt, t& bao ngudi, Arabidopsis,
ngo, v.v.. Vi khong c6 mot md hinh nao 1y tudng va phu
hop voi cac dang nghién ctiu khac nhau nén nha sinh vat
hoc can chon md hinh phu hop véi tirng muc tiéu nghién
cuu chuyén bi¢t. Bai bao nay gi6i thi¢u Caenorhabditis
elegans - mot loai giun tron nho, va nhitng dic diém can
ban cta nd. Ké tir nhitng nghién ctru di truyén hoc déu
tién cua Sydney Brenner nam 1963, giun C. elegans da
dugc s dung rat nhiéu trong cic nghién ciru di truyén
chirc nang, té bao, sinh hoc phat trién, tién hoa sinh hoc
va y sinh. Bai bao trich din bén kham pha sinh hoc bét
ngudn tir C. elegans bao gdm: co ché ty huy diét cua té
bao (apoptosis), kim ham biéu hién gen bang cach phan
huy RNA (RNAI), protein phat huynh quang (GFP) va su
lao héa. Nhitng nghién cuu cua nhom chung téi, ung
dung C. elegans trong nghién cuu da dang sinh hoc cac
loai thudc chi Caenorhabditis va anh hudng cua gioi cai
1én cac hanh vi cua gidi duc, cling s€ duoc trinh bay trong
bai.

Lich st

Caenorhabditis elegans 14 loai giun tron sdng tu do
trong moi truong dat véi kich thude truong thanh khoang
I mm. Nam 1963, Sydney Brenner bét dau ¥ tudng
nghién ctru tinh chét di truyén cua sy phat trién ¢ té bao
than kinh trong C. elegans. Nam 1974, Brenner nghién
ctru sinh hoc phén tir va sinh hoc phat trién cua C.
elegans va ké tir 46 C. elegans dugc st dung rong rai
trong nghién ctru sinh hoc (1).

Sw phat trién va tip tinh caa giun Caenorhabditis
elegans

Co thé giun C. elegans dai khoang 1 mm & do tudi
truong thanh. Phan chinh co thé cdu tao dang “hai 6ng”
16ng vao nhau: trong cing 1a dng rudt, ngoai cung 1a 16p
biéu bi cu-tin va hé thong co. Co thé dugc chia thanh ba
phan: dau, than va dudi. Trong quan thé c6 con ludng tinh
va con duc. Thong thudong con ludng tinh chiém 4p dao
va con duc chiém khoang 0.2%. Con ludng tinh dwoc ciu
tao bai 959 té bao (2) va con duc 13 1003 (3). Co thé gdbm
co hé théng té bao soma, té bao sinh san va té bao than
kinh. Duéi kinh hién vi chung ta c6 thé nhin xuyén thau
vao cac co quan bén trong co thé giun (Hinh 1).
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Hinh 1: Cdu triic co thé giun ludng tinh va giun duc
C. elegans.
1 -phﬁn dcfu; 2-co quan sinh duc; 3-rudt; 4-dudi; 5-hop tw
hodc phoi; 6-am ho; 7-co quan tao hodc luu triv tinh trung; 8-
trung; 9-gai giao hop.

Giun C. elegans sbng khoang 20 ngay. Giun phat
trién qua bén giai doan 4u tring (du trang L1, L2, L3,
L4), truong thanh, sinh san, 1o hoa, va chét. Giun c6 thé
chuyén sang trang thai séng tiém sinh trong vai thang &
giai doan L2 khi thiéu thirc an, mat do ca thé dong va
nhiét d6 thap (Hinh 2).

14 gior .
Phoi > Autrungbacl
X N 14 gio
Truong thanh g
4 Tiém sinh v
Autrung béc 2
20 gidy
10 gi®r
v
Au trung bac 4 «— Ay trung bac 3
10 gidr

Hinh 2: Vong doi va phadt trién cia giun C. elegans ¢
nhiét do 200°C.

C. elegans c6 chu ky phat trién 1a ba ngay, thong
thuong bat dau sinh san tir ngay thir 3 cho téi ngay thi 5
ké tir khi sinh ra. Vi c6 con ludng tinh nén sinh san tu
phdi san xudt khoang 300 ca thé. Vi c¢6 ca con duc nén
sinh san giao phdi giita con duc va con ludng tinh san
Xuét vai trim cho téi khoang 1000 con lai.

Heé gen va gen

Kich thudc hé gen la 100.272.276 Mb va phan bé
thanh nam cdp nhidém sic thé: bén cip nhidm sic thé
thuong va mot nhiém sic thé gioi tinh X. T4t ca cac
nhiém sic thé déu c6 ciu trac holocentric (cac nhidm sic
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thé khong phan dinh rd tim dong), trong d6 con ludng
tinh ¢6 cap nhiém sicc thé gidi tinh 1a XX va con duc 1a
XO. Hé gen cua C. elegans c6 nhiing dac trung chung
cua sinh vat cAu tao bodi té bao nhan chuin bao gém
khoang 19.000 gen (3), trinh tu nucleotit ldp, yéu t& nhay
(gen nhay) v.v.. Khoang 60-80% gen giun giéng vdi gen
nguoi (4). Toan bo hé gen da dugce giai trinh ty trén dong
giun ddng hop tir C. elegans N2. Cing v6i nhitng wu thé
tién lgi khac, C. elegans dugc st dung rong rai trong
nhiéu nghién ctru sinh hoc lién quan t6i cac locus.

Tién ich trong thi nghiém nghién ciru gen

Hién nay cong dong cac nha khoa hoc sir dung giun
C. elegans d rat dong trén thé gidi, vi vy céc thong tin
lién quan téi mdt nghién ciru thudng cé nhiéu sy tham
khao. Moi thong tin thuong xuyén cap nhat tai dia chi
www.WormBase.org. Cac thu vién nhu RNAi (RNA
interference) va thu vién biéu hién ORF (open reading
frame expression library - la tap hop cac dong vi khudn
mang cDNA tai t6 hop) di duoc tao ra cho hau hét cac
gen. Su phat trién va biét hoa cua cac co quan va timg té
bao da duoc mé ta chi tiét. K§ thuat RNAI va vi tiém gen
khong phirc tap va da dugc ung dung rong rii trén thé
gi6i. Hai k¥ thudt nay vo cung can thiét trong nghién ctru
chirc ning truc tiép cua gen. Khi biét trinh ty nucleotit va
vi tri cua gen, dot bién gen c6 chu dich duoc thyc hién
bang cach sir dung ethyl methanesulfonate (EMS), tia UV
va transposon (5). Mé6i ddy phuong phap dot bién gen
CRISPR/Cas9 di duoc tng dung va quy trinh hoa dé gay
do6t bién gen quan tim trong C. elegans. Phuong phap nay
dugc tom tit nhu sau: mot phic hop vector mid hoa
CRISPR/Cas9 cho gen quan tam dugc tao ra va vi ti€ém
vao giun me ludng tinh; hé vector dugc kich hoat boi
enzyme phién ma va giai mi va gay dot bién gen chu dich
trong té bao sinh duc cta giun me; nhitng té bao sinh duc
mang gen dot bién phat trién thanh cac giao tir (trémg va
tinh trung) va thu tinh cho nhau tao ra cac hop tir mang
gen dot bién mét hodc thém nucleotit (6, 7). Vi vong doi
ngén lai chéo gilia cac dong giun khong kho va con lai
6 s6 lugng dong, C. elegans duoc st dung dé xac dinh
tuong tac di truyén gitra hai gen bang cach lai hai dot
bién cua hai gen quan tdm cung quy dinh mét tinh trang.

Nhirng phat hién tiéu biéu tir Caenorhabditis elegans

Tuong tu nhiéu sinh vat mo hinh khac nhu ndm men,
cay Arabidopsis, rudi dim, chuot va té bao nguoi, giun C.
elegans di dugc sir dung nhiéu trong nghién ctru sinh hoc
phan tr va da gop phan tim ra nhiéu tinh chét cua sy
song.

Nam 2002, giai Nobel Y hoc dugc trao cho cac tac
gia da phat hién co ché tu huy diét té bao (apoptosis) trén
C. elegans (8). Apoptosis 14 mot hién twong "chét chu
ddng do chwong trinh di truyén diéu khién" cua té bao. Té
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bao thuc hién apoptosis thé hién cac dic diém co ban nhu
DNA nhén bi phén huy, mang ty thé mat dién thé va
mang té bao tach khoi té bao chit. Trong qua trinh phat
trién phoi thai giun C. elegans ludng tinh 1090 té bao
duogce sinh ra va 131 té bao ty huy diét. Nguoi ta da tim ra
khoang 20 gen lién quan didu hoa qua trinh tu huy diét,
trong s& do, bon gen vo cing can thiét 1a ced-3 (CEll
Death abnormality), ced-4, ced-9 va egl-1 (EGg Laying
defective). Cac gen nay tag ra cac protein tuong ung va
cing hoat dong trong té bao dwoc xac dinh tu hay diét.
CED-3, CED-4 va EGL-1 la cac protein kich hoat
apoptosis va CED-9 1a protein chdng lai apoptosis ctia
131 té bao.

Protein phat huynh quang xanh (green fluorescent
protein - GFP) dugc sir dung 1am déu hiéu biéu hién gen
va vi tri protein trong té bao (dugc trao giai Nobel Hoa
hoc nam 2008) (9, 10) (Hinh 3).

Gen GFP diu tién dugc phan lap tir loai stra bién
(Aequorea victoria). Protein GFP ¢6 238 amino acid, hip
thy song UV tdi wu & budce song 450 nm t6i 490 nm va
phat ra huynh quang xanh. Tinh chit nay dugc tng dung
dé theo doi biéu hién mot gen bat ky (tam goi 1a A) va
protein md hoa bai gen d6 (protein A) trong té bao sdng
ctia giun. Gen A duoc thao tac gen dé gin gen GFP va tao
ra mot vector tai to hop A::GFP hoac GFP::A. Khi dugc
vi tiém vao giun, vector biéu hién protein tai to hop phat
huynh quang xanh. Gen déu tién duoc 4p dung nghién
ctru biéu hién 14 mec-7 ma hoa protein B-tubulin.

Hinh 3: GFP biéu hién trong té bao.

1-té bao uste; 2-18 bao ruot.

Nghién ctru han ché biéu hién gen & muc d6 RNA
(RNA interference, goi tit RNAi) dugc trao giai Nobel
Sinh-Y hoc nam 2006 ciing 1a mot nghién cuu st dung
C. elegans (11, 12). Ky thuat RNAIi su dung siRNA, phan
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tor RNA ¢ trang thai mach kép b trg, co do dai khoang
20 nucleotit, dugc tao ra tir dsSRNA (double strand RNA)
boi phitc hop protein Dicer. siRNA cung véi mot sb
protein khac nhu PIWI tao ra phtic hop RISC (RNA
Inducing Silencing Complex). Phic hgp RISC bam vao
pre-mRNA va/hodc mRNA cuia gen muc ti€u tai vi tri ma
phan tir siRNA mach don bam vao theo nguyén tic bd
trg. Phirc hop RISC cit cac phan tor mRNA muc tiéu, két
qué 13 t& bao thibu mRNA dé téng hop du lugng phén tir
protein muyc tiéu (13). Nhitng gen dau tién ctia C. elegans
thanh cong véi  hién tugng RNAi la  wnc-22
(UNCoordinatee), fem-1 (FEMinization of XX va XO
animals), unc-54, hih-1 (Helix Loop Helix) va gen ngoai
lai GFP ¢6 ngudn goc tir stra dugce vi tiém vao C. elegans

(11).

Gen tham gia vao qua trinh 130 hoa da dugc phat
hién trén C. elegans. Trong mot nghién ciru di truyén
tudi tho, Kenyon da sir dung ky thuat RNAi dé trc ché
biéu hién gen cua gen daf-2 (abnormal DAuer
Formation), dan dén kéo dai tudi tho ctia giun. Thém vao
do6, dot bién mat nucleotit din dén mét chtc ning cua gen
daf-2 cting kéo dai tudi tho ctia giun, cho phép giun song
lau gap ba lan so véi binh thuong (14). Cac thi nghiém
trén chu’ng 6 gen daf-2 han ché tudi tho giun. Nguoce lai
do6t bién mét chirc ning ctia gen daf-16 gy rat ngan tudi
tho, chung to daf-16 c¢6 chirc ning duy tri tudi tho giun
(2). Ca hai gen nay déu cé cac gen dong dang & ngudi
lién quan dén con duong ddng hoa duong lién quan dén
insulin. Phat hién nay mo ra mot y tuong 1a con ngudi co
thé kéo dai tudi tho nho thay déi di truyén.

Ngoai vai trd mau chét trong cac phat hién mang tinh
dot pha ké trén, cac loai giun thudc giéng Caenorhabditis
ciing duoc st dung trong nghién ctru tién hoa sinh vat
(nhu nghién ctru hé gen) (15, 16); trong Sinh-Y (nhu
nghién ctru bénh Alzaimer va dai thao duong (4, 17).

C6 kha nang s dung C. elegans & Viét Nam?

T6i cho rang C. elegans 1a dong vat mo hinh nghién
clru co thé dung trong nghién ctru sinh hoc ¢ mirc do
quan thé, nhém ca thé, céa thé, co quan, té bao va phan tir
0 Viét Nam. C. elegans con co thé tr& thanh sinh vat mo
hinh thuc hanh cho nhiéu chu dé trong sinh hoc, vi du
nhu thue hanh cac quy luat di truyén Mendel. Ngoai cac
trang thiét bi phd bién cho thi nghiém lién quan dén sinh
hoc phén tir, cac thiét bi can thlet cho nghién ciru trén
C.elegans la nhiing thiét bi v4i "gia thap" nhu ti nuoi cy
6n dinh nhiét do (16, 20 va 25°C), kinh hién vi va hé vi
tiém. Vi vay xét trén nhiéu goc do, C. elegans hoan toan
¢6 thé 1a mot trong s6 lya chon thiét thyc dé gop phan
phat trién nghién ctru va dao tao khoa hoc sy séng o Viét
Nam.
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Hién nay chung t6i dang st dung tuyén trung giun
tron thudc chi Caenorhabditis bao gom ca C. elegans
trong hai nghién ctru dgc 1ap. Nghién ctru thu nhit 1a vé
tién hoa sinh vat, bao gdm: phan 1ap giun Caenorhabditis
tir nhiéu vung sinh thai thudc lanh thd Viét Nam va xac
dinh da dang di truyén-thich nghi sinh thai cua cac loai
giun nay. Két qua nghién ctru gitip mé phong lich st tién
hoéa/chon loc cua tuyén trung giun tron Caenorhabditis &
c4c ving sinh thai & Viét Nam. Nghién ctru thtr hai vé tac
dong cua gidi cai 1én hanh vi ctia gi¢i duc nhiam gop phan
quan ly nhiing tic dong cua sy chénh Iéch gidi thy dong
trong xa hoi loai nguoi trong do c6 Viét Nam.

Hinh 4: Nhom sinh vién lam thi nghiém trén C. elegans.
Két luan

Con ngudi di st dung tuyén tring giun tron
Caenorhabditis elegans lam sinh vat mo hinh trong
nghién ctru sinh hoc va da tim ra nhiu quy luat sinh hoc
phuc vu cho hiéu biét va timg dung trong doi séng. Giun
md hinh nay c6 nhitng vu thé thuan loi cho nghién ctru
nhiéu quy luat sinh hoc & mirc d6 phan tt, cling nhu dao
tao khoa hoc su séng trong diéu kién han ché vé kinh phi
va co so vt chat cia Viét Nam.

VE TAC GIA

TS. L& Tho Son dugc dao tao thac sy tai Hoc vién
Gwangju Institute of Science and Technology va tién sy
tai Pai hoc Hanyang, Han Quéc, va sau tién si tai Hoc
vién Academia Sinica, Pai Loan. Tac gid da nghién cuu
enzym dehydrogenase va tién hoa kich thude hé gen sinh
vat trén mo hinh C. elegans.
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SCIENCE & TECHNOLOGY PULSE
Kha nang khang ung thw cua Curcumin va Graviola

Phan Minh Liém

Trung tam Ung thir MD Anderson, thanh phé Houston, bang Texas, Hoa Ky

ARTICLE INFO ABSTRACT
Editor: Ung thu 1a mdt trong nhitng can bénh nguy hiém nhét trén thé giéi va tai Viét Nam hién
Tran Ngoc Anh Mai, PH Quéc T¢é, PH nay. Theo théng ké ciia BO Y té, mdi ndm c6 khoang 110.000 ca bénh ung thu méi duoc

Qudc Gia, TPHCM phat hién ¢ nudc ta (1). Didu dang lo ngai 1a s6 lwong bénh nhan ung thu dang gia ting
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thiéu trong bai viét duoc trich dan tir cac nghién ctu khoa hoc va y hoc cua nhiu vién

Keywords: nghién ctru va bénh vién ung thu trén thé gioi. Néu qui doc gia quan tim dén cac nghién

PI3K clru nay, xin vui long doc céc tai lidu gdc bang tiéng Anh véi trich dan & cudi bai viét. Bai

Akt -% s 3 £ . A . . A A oz ,

mTOR viét chi nham cung cap cac thong tin khoa hoc va y hoc lién quan dén tac dung cua

acute myeloid leukemia curcumin va graviola doi véi ung thu. Viéc tham khdo y kién chuyén moén cia cac bac si,
dugc si, va chuyén gia y té trude khi sir dung cac loai thudc, thudc bd, vitamin,... 12 rit can
thiét.
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L. Hoat tinh khing ung thw ciia curcumin

Curcumin 14 mot hoat chit quan trong trong cti nghé. Kha
nang khang ung thu ctia curcumin dugc phat hién va
kiém ching bai hon 2200 cong trinh nghién ctru khoa hoc
va y hoc trén thé gioi. Cac nghién ctu suc khoé cong
ddng cho théy An Do 1a nugce co ti 1¢ ung thu dudng tiéu
ho4 thip nhét trén toan cau (3). Mot trong nhing nguyén
nhan chinh la do trong khau phén & an cua nguoi An D6 co
rat nhiéu ca ri, v6i thanh phan chu yéu la nghé va cac loai
gia vi. Ham luong curcumin trong ca ri kha cao va dong
vai trd quan trong trong viéc ngan ngira, trc ché, tiéu diét

Hinh 1: Cong thirc hoa hoc cia curcumin.

Nguon: Wikipedia

té bao ung thu (3-9).

Céc nghién ctru khoa hoc cho thdy curcumin c6 tac dung
bét hoat phan tir NF-xB va cac con dudng truyén tin hiéu
lién quan dén phan tir nay (3-10). NF-xB déng vai tro
quan trong dm v6i su sinh ton, ting truong, phan chia, va
di cin cua rat nhiéu loai té bao ung thu. Vi vAy khi phan
tr NF-xB bi uc ché, té bao ung thu sé tu chét (tu sat,
apoptosis), giam hodc mét kha ning ting truong va di can
(5,6,8,9).

Hon nira, curcumin con ¢6 tac dung kich hoat cac protein
khang ung thu sin co trong té bao nhu p53, pl6, Bax...

qua do tiéu diét, wc ché sy ting truong va sinh ton cua té
bao ung thu. Curcumin con c¢6 kha nang kim ham cac
gien ma hoa cac protein gay ung thu nhu Bcl-2, Bel-XL,
MMP9, VEGF, cyclin D1, cyclin E, c-jun, c-fos, c-myc,
NIK, MAPKs, ERK, ELK, PI3K, Akt, CDK ... va lam
suy giam kha ning séng sot, di can va phat trién cua té
bao ung thu ciing nhu tc ché qua trinh tao mach méu

Hinh 2: Curcumin, mét thanh phan quan trong ciia
nghé. Nguon: Wikipedia.

trong khéi u (4-10). Vi vdy, curcumin tin cong tiéu diét té
bao ung thu hiéu qua bang nhiéu cach khac nhau ma
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khong lam anh hudng nhidu dén cac té bao binh thudng
(4-10).

Curcumin con c6 tac dung ngédn ngtra ung thu (9, 11).
Quan trong hon, curcumin con vo hi¢u hoa hoac gidm
kha ning khang thudc cua khéi u biang cach trc ché hé
thdng cytochromne P450 va enzyme glutathione-S-
transferase cua té bao ung thu (7, 8, 12-14).

Ngoai tac dung khang ung thu, curcumin con c¢6 kha nang
chbng 6xi hod, khang viém, khang khun va chéng ldo
hoa (4, 6, 10, 15). Viéc st dung curcumin ding liéu
luong va dung cach hau nhu khong ¢6 tac dung phu hodc
doc tinh nao déng ké dbi v6i cac té bao binh thudng (3, 4,
6,7,9-11, 15).

Vi véy, hién nay c6 rat nhiéu cong trinh nghién ciru y hoc
va thir nghiém 1am sang dang dugc tién hanh tai_nhiéu
vién nghién ctru va trung tim y khoa trén thé gi6i dé nang
cao hi€u qua cua curcumin ciing nhu khai thac kha nang
khang ung thu cta hoat chit nay trong viée didu tri va
phong ngtra can bénh ung thu.
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Hinh 3: Kha néng irc ché va tiéu diét té bao ung thw ciia curcumin.

Curcumin ¢6 tac dung bat hoat phan tir NF-xB va cdc con dwong truyén tin hiéu lién quan dén phan tir nay. NF-kB dong vai tro
cuwe ki quan trong doi véi su sinh ton, ting trudng, phéan chia, khing thudc va di can ciia rat nhiéu logi té bao ung thu. Vi vdy khi
phan tir NF-kB bj irc ché hoan todn, té bao ung thir s€ tir chét (t sat, apoptosis), giam hodc mat cdc khd ndang phdn chia, khing
thuée, di can. Curcumin ciing bat hoat va kim ham cdc gien gdy ung thu khdc. Quan trong hon, curcumin con kich hoat cdc gien
khdng ung thir san ¢6 trong té bao, qua dé irc ché va tiéu diét té bao ung thur.

Luwu y: Tac dung phy ciia curcumin 1a khong dang ké.
Tuy nhién, cac bénh nhan bi lodng mau, hoac dang su
dung thubc chéng dong mau, thudc khang viém, thube trc
ché mién dich, thudc giam dau cin tranh so dung
curcumin béi cc nguy co tuong tac thube. Curcumin con
lam ting hoat tinh ctia nhiéu loai thudc khac. Do do, viéc
ding curcumin riéng ré hodc cing véi cac thue khac déu
can c6 sy tu vin chuyén mon ciia cac chuyén gia y té.

II. Hoat tinh khang ung thw ciia Graviola

Graviola con dugc goi 1a mang cau xiém. L4, than, trai,
hat cua mang cau xiém thuong duoc dung trong céac bai
thuoc y hoc dan gian va cac mon an.

Céc nghién ctru y sinh hoc gan day phat hién graviola co
kha nang trc ché qua trinh ting truéng va phan chia cua té
bao ung thu cling nhu tiéu diét t& bao ung thu hiéu qua
(16-18). Cac hoat tinh khang ung thu cua graviola da
dugc chimg minh trong nhiéu thi nghiém trén nhiéu dong
té bao ung thu ciing nhu trén cac mo hinh dong vit mang
té bao ung thu cua ngudi (16-18). Trong mot nghién ciru
nam 2011, cac nha khoa hoc tai Pai Hoc Virginia Tech,
Hoa Ky, phat hién graviola c6 tic dung (rc ché sy ting
truong cua dong té bao ung thu vii MDA-MB-468 (té bao
ung thu v di can 4c tinh) bing cach kim ham con dudng
truyén tin hidu ctia phan tir EGFR (epidermal growth
factor receptor, thu thé clia nhan t6 ting truéng ngoai bi)
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(16). Quan trong hon, graviola khong anh huong dén té
bao vu binh thuong.

Hinh 4: Lé va trdi ciia cdy méng cdu xiém
Annona muricata (graviola). Nguon: Wikipedia

biéu nay chung té tac dung dac hiéu cua graviola 1én té
bao ung thu (16).
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Hinh 5: Graviola lam suy giam kha ndng sinh ton, ik ché sw tang truong, kim ham qud trinh san xudt nang hrong

va ngan chan sw di can cua té bao ung thu.

Nam 2012, cac nha nghién ctru tai Pai Hoc Omaha, Hoa
Ky bao céo trén tap chi khoa hoc Cancer Letters vé tac
dung cta graviola trong viéc wrc ché qua trinh chuyén hoa
nang lugng, phan chia va di can cua té bao ung thu tuy
(17). Trong mot nghién ctru gan day (thang 7 nam 2013),
cac nha nghién cuu tai Pai Hoc Nong Nghi¢p Tamil
Nadu ciia An D¢ phan tich cic thanh phin hod hoc cia
graviola va phat hién graviola chira nhiéu hoat chat
acetogenin c6 kha ning tc ché cic qua trinh san xut
ning luong va ting truong cia té bao ung thu (18).

Graviola con dugc st dung trong mot sO bai thudc dan
gian dé diéu tri cac bénh do nam, vi khuan, virus, va ki
sinh trung.

Két luan: Curcumin va graviola 1a hai trong s cac loai
hop chat thién nhién c6 kha ning tiéu diét t& bao ung thu
mot cach hitu hiéu bang cach trc ché cung luc nhiéu qua
trinh sinh hoc quan trong cuia t& bao ung thu. Cac nghién
ctru khoa hoc trong phong thi nghiém va trén cac mé hinh
dong vat cho thay curcumin va graviola c6 tac dung trc
ché hiéu qua sy sinh ton, ting truong va di can cta khoi
u. Nhleu thir nghiém 1am sang va nghién ctru chuyén sau
hon vé graviola va curcumin dang dugc tién hanh trén
bénh nhan.

Luu ¥: Mot s nghién ctru cho thdy graviola, néu dwoc
dung voi lidu cao va lau dai, c6 thé anh huong dén hé
than kinh. Graviola khong nén sir dung chung véi thudc
diéu tri trdm cam, cao huyét ap, bénh tiéu duodng.
Graviola ciing ¢6 thé lam giam tleu cau va kha nang hip
thu cac hoat chat phong xa cua té bao. Do do, cac bénh
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nhan dang thyc hién cac xét nghiém chin doan hinh anh
hodc céac qui trinh diéu tri can st dung cac chit danh diu
phong xa, cac ddng vi phong xa, nén tam ngung st dung
graviola trong thoi gian thuc hién cac qui trinh trén. Viéc
sir dung graviola liéu cao trong thoi gian dai ciing c6 thé
lam anh huéng dén chic ning gan va than. Do d6, viéc
theo ddi chtrc ning gan va than can dwoc tién hanh khi
thuong xuyén ding graviola lidu cao.

Céc thong tin trong bai viét nay dwoc trich dan tir cac
nghién ctru khoa hoc va y hoc do nhiéu trung tim va bénh
vién ung thu trén thé gi6i tién hanh. Muc tiéu cua bai viét
nhidm cung cap cho qui doc gia cac thong tin khoa hoc va
y hoc vé& curcumin va graviola. Tuy nhién, qui doc gia
cAn can nhic va than trong khi st dung curcumin va
graviola. Viéc tham khao ¥ kién chuyén mén cua bac si
va dugc s va cac chuyén gia y té trudc khi sir dung cac
loai thao dugc, hop chat thién nhién, vitamin, thude bo va
cac loai thudc khac 1a rat can thiét.
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The phosphatidylinositol 3-kinase (PI3K), AKT, mammalian target of rapamycin (mTOR)
signaling pathway (PI3K/AKT/mTOR) is involved in a diverse number of cellular functions
and has emerged as one of the most deeply investigated cell signaling networks. This
pathway is frequently deregulated in many types of human cancers including acute myeloid
leukemia (AML) at multiple points, providing a compelling rationale to consider
PI3BK/AKT/mTOR as an effective target for therapeutic treatment of AML. This discussion
highlights the activation of PI3K/AKT/mTOR and its positive effects on AML. Moreover,
we will discuss the development of inhibitors that are used to target PI3K/AKT/mTOR in
clinical trials. Targeting the PI3K/AKT/mTOR signaling network with small molecule
inhibitors, employed either alone or in combination with other drugs, may result in less
toxic and more efficacious treatment of AML patients.
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Acute myeloid leukemia (AML) is comprised of a
group of clonal malignant diseases characterized by
deregulated proliferation of immature myeloid cells (1).
AML accounts for approximately 80% of all adult
leukemias and most patients will relapse and die from the
disease (2). In AML, there is deregulation of many
signaling pathways that include the PI3K/Akt/mTOR,
ERK/MAPK, STAT3/5, Wnt/B-catenin and NF-kB
pathways (3-8). Between 50 and 70% of AML patients
have Akt activation by phosphorylation at Thr308 and
Serd73 (9). The overall survival of patients who have Akt
activation 1is significantly shorter than that of patients
without Akt activation (10). Moreover, alterations in the
PI3K/Akt axis are known to be both associated with and
causal of oncogenesis (11, 12). Therefore, the
PI3K/Akt/mTOR signaling pathway appears to represent
a valid target for innovative treatments of AML patients.

The phosphatidylinositol 3-kinase (PI3Ks) are a large
family of kinases that function as intracellular messengers
to orchestrate an array of important cellular processes,
such as growth, survival, and metabolism. Their primary
biochemical function is to phosphorylate the 3°-OH group
in inositol lipids (13). The PI3K family is comprised of
three classes (I, II, III), each of which has a distinct
structure, distribution in the cell, and mechanism of
action. The roles of class II and III PI3Ks are not well-
characterized, while class I PI3Ks are widely implicated
in the development of cancer. The class I PI3Ks are
composed of a regulatory (p85) and a catalytic (p110)
subunit (14, 15). There are several isoforms of each
subunit. For example, p85 is encoded by the PIK3RI
(p85a), PIK3R2 (p85pB) or PIK3R3 (p85y) genes; p110 is
encoded by the PIK3CA (pl110a), PIK3CB (p110B) or
PIK3CC (p1108) genes. Class 1 PI3Ks are divided into
class TA and class IB based on whether they are activated
by receptor tyrosine kinases (RTKs) or G-protein coupled
receptors (GRCPs) (13, 16). The class I PI3Ks are
responsible for the conversion of the membrane lipid
phosphatidylinositol-4,5-biphosphate (PIP2) into
phosphatidylinositol-3,4,5-triphosphate  (PIP3) through
the addition of a phosphate group to the 3’ position of its
inositol ring. PIP3 recruits phosphoinositide-dependent
protein kinase 1 (PDK1) and AKT to the plasma
membrane (17), followed by Akt phosphorylation and
activation by PDK1 (13, 16). The S6K1 and phosphate
and tensin homologue deleted on chromosome 10
(PTEN) negatively regulates PI3K/Akt activation by
converting PIP3 product to PIP2 (18) (Figure 1).
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Figure 1: Targeting the PI3K/AKT/mTOR signaling in
Acute Myeloid Leukemia.

RTKs: Receptor Tyrosine Kinases;, PTEN: Phosphate
and Tensin homologue deleted on chromosome 10; PIP2:
Phosphatidylinositol-4,5-biphosphate, PIP3:
Phosphatetidylinositol-3,4,5-triphosphate; PDKI:
Phosphoinositide-dependent  protein kinase 1; Akt:
Protein kinase PKB/Akt.

Akt, a serine/threonine protein kinase also known as
protein kinase B (PKB), is recruited to the inner surface
of plasma membrane through the interaction of its
pleckstrin homology (PH) domain with phospholipid
products of PI3K. At the plasma membrane, activation of
Akt is dependent on phosphorylation, which is achieved
at least in part by the protein kinase PDKI1 (16, 19)
(Figure 1). Akt was originally identified as a retroviral
oncogene product, v-Akt, that can transform rodent cells
(20, 21). There are three isoforms of Akt which are
encoded from distinct genetic loci: Aktl/a; Akt2/B and
Akt3/y (22). Overexpression of constitutively activated
Akt mutants in many cell types promotes cellular
transformation by stimulating proliferation and inhibiting
apoptosis (23). Recently, mounting evidence indicates
that Akt overexpression is observed in diverse cancers
and Akt perturbations play an important role in human
malignancy.

Activation of the target of Rapamycin (TOR) has
emerged as a major effector of the PI3K/Akt pathway’s
ability to govern protein synthesis (Figure 1), a function
that is conserved from yeast to mammals (24 - 26). The
mTORC1 complex is composed of FRAP, Raptor,
PRAS40 and LSt8 (27) and its activation is mostly
regulated by Akt/tuberous sclerosis 2 (TSC2) axis (28).
Akt inhibits the tuberous sclerosis complex-2 (TSC2)
regulated mTORCI1 activity through direct
phosphorylation of TSC2 at S939 and TI1462 (29).
mTORCI is also directly phosphorylated and activated as
a substrate of Akt (30). mTORCI regulates protein
synthesis by activating p70S6K and inactivating 4EBP1
(31). The mTORCI1 complex is sensitive to rapamycin
and inhibits Akt via a negative feedback loop (32).

12
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The PI3K/AKT/mTOR signaling cascade is crucial
to many widely divergent physiological processes that
include cell cycle progression, transcription, translation,
differentiation, apoptosis, motility and metabolism. As a
result, this pathway has received considerable attention as
a potential therapeutic target in malignancy since a gain
of function is present in many types of cancers including
AML (34 - 38). Furthermore, activation of this pathway
confers leukemogenic potential to mouse hematopoietic
cells (39). There are promising preclinical data
demonstrating activity of different PI3K/Akt/mTOR
targeted agents against AML (40 - 43). For a number of
these malignances, the real promise of these inhibitors is
their ability to overcome chemotherapy resistance and
synergize with existing cytotoxic therapies. Therefore,
this signal transduction cascade may represent a valuable
addition to the current regimens for AML. Drugs that
target mTOR were the first to be studied, showing
remarkable efficacy in a number of conditions.
Subsequently, drugs were developed to target PI3K and
AKT as well as a number of intermediates in the
PI3BK/AKT/mTOR signaling pathway, including agents
that target individual protein kinases and drugs that target
multiple kinases in the pathway (44, 45).

Following are several pharmaceutical inhibitors that
selectively target the PI3K/Akt/mTOR signaling pathway
and have therapeutic potential (Table 1).

PI3K p110 inhibitors: Wortmannin and LY294002
are classical PI3K inhibitors that induce apoptosis in
leukemic progenitors. Wortmannin irreversibly inhibits
PI3K by covalent modification of Lys802 while
LY294002 competes with ATP for the ATP binding site
of PI3K (4, 46). However, both Wortmannin and
LY294002 are not specific for the PI3K/Akt pathway
(47). IC87114 is a potent selective inhibitor of PI3K
pl1108 which down-regulates Akt phosphorylation and
cell proliferation in AML blast cells with elevated PI3K
pl110d but not in normal hematopoietic precursor cells
(4). There are also more potent inhibitors currently under
development by pharmaceutical companies such as
Piramed, Novartis and Calistoga. For example, CAL-101
(Calistoga) treatment inhibits ribosomal RNA synthesis
and cell proliferation in AML cells through inhibition of
Akt activation (48). Results obtained with these inhibitors
indicate that selectively targeted PI3K inhibitors are less
toxic than those compounds that inhibit all PI3K
activities and they may offer greater clinical benefit.
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TABLE 1: Therapeutic targets in the PI3K/Akt/mTOR
signaling pathways

Molecules Molecular Drug sponsors
targets

Wortmannin PI3K generic
1Y294002 PI3K generic
IC87114 PI3K ICOS
CAL-101 PI3K Calistoga
Rapamycin mTORC1 Wryeth/Pfizer
CCI-779 mTORC1 Wyeth
RADO001 mTORC1 Norvatis
AP23573 mTORC1 Ariad
Perifosine Akt AFterna Zentaris
Deguelin Akt generic
AEZS-127 Akt AFEterna Zentaris
AZDB8055 mTORC1/2 AstraZeneca

mTORC1 inhibitors: mTORC inhibitors are the
most developed class of compounds that target the
PI3K/Akt pathway including rapamycin, CCI-779,
RADO00O1 and AP23573. Rapamycin has shown activity
against many types of cancer in phase I and II clinical
trials  (30). Moreover, combination treatment of
rapamycin with other inhibitors may be synergistic. For
examples, combined treatment with rapamycin and
etoposide dramatically increases cytotoxicity in AML
blast (49); adding UCN-01 to rapamycin results in
marked apoptosis in U937 cells (50); and treatment with
rapamycin and the cell permeable glycolytic inhibitor 3-
bromo-2-oxoproprionate-1-propyl ester has synergistic
effects on HL60 leukemia cell cytotoxicity (42).
Although some patients do not respond to rapamycin
treatment (51) and mechanisms of resistance to
rapamycin have been identified (52), it is still considered
to be of particular interest due to its ability to inhibit the
growth of cancer cells and induce apoptosis. Another
mTOR inhibitor, CCI-779, has been used in clinical trials
with metastatic renal carcinoma patients. Both RADO00O1
and AP23573, two additional mTOR inhibitors, are also
in clinical trials as antitumor drugs (53).
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Akt inhibitors: a new class of Akt inhibitors are in
the phosphatidylinositol ether analog (PIAs) family and
include perifosine, deguelin and AEZS-127. PIAs are
inhibitors that bind to the PH domain of Akt and prevent
its translocation to the plasma membrane, thereby
inhibiting the phosphorylation and activation of Akt.
These inhibitors sensitize leukemic cells to the effects of
other chemotherapies (54). Perifosine dephosphorylates
Akt and ERK 1/2 and activates caspases, inducing
apoptosis in leukemic cells (41). Deguelin inhibits Akt
through an unknown mechanism and increase AML
sensitivity to cytarabine (40). AEZS-127 is an
alkylphospholipid and has been tested in phase I for
relapsed hematologic malignancies (55). The compound
AZDS8055, an inhibitor of both Akt and mTOR, shows
more efficacy than rapamycin in decreasing ribosomal
RNA synthesis and inhibiting the growth of leukemic
cells in vitro and in vivo (48, 56). Akt inhibitors have the
potential to provide greater efficacy and less toxicity to
patients.

The PI3K/AKT/mTOR signaling pathway is
aberrantly activated in a number of malignant and non-
malignant diseases. It represents one of the major survival
pathways that contribute to both cancer pathogenesis and
drug resistance. As a result, preclinical studies and
clinical trials have been designed to investigate
compounds that target the various components of the
pathway. Here, we described the efficacy and toxicity of
agents that target the PI3K/AKT/mTOR signaling
pathway in AML. The development of compounds
directed against PI3K/Akt and mTORC and their
modulators as novel and potent agents for treating AML
is expanding and additional work is needed to determine
the potential of PI3K/Akt/mTOR inhibitors in the
treatment of AML.
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VE TAC GIA

Thac si - Bac si Nguyén Hitu Phiic hién 1a bac si giai phdu chuyén
nganh ung thu cong tac tai bénh vién ung buéu TPHCM. Ngoai ra, anh
con la giang vién bé mén ung thu truong PH Y Duge TPHCM. Tién si
DS Thi Thu Hing t6t nghiép tién si nganh Dugc tai PH Sungkyunkwan,
Han Quoc Chi hi¢n dang cong tac tai PHQG TPHCM. Tién si - Bac si
Ly Quéc Trung t6t nghiép tién si chuyén nganh y hoc ung thur tai DH
Kanazawa, Nhat Ban. Anh hién dang cong tac tai bénh vién da khoa tinh
S6c Trang. Tién si Pham Nguyén Btrc Hoang t6t nghiép tién s tai BH
Chiba, Nhét Ban va hién 1a truéng phong vi sinh tai TT CNSH TPHCM.
Tién st Nguyén Pang Quén t6t nghiép tién si chuyén nganh mién dich
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hoc tai dai hoc Justus Liebig, Ditc. Anh hi¢n 1a trudng phong Cong nghé
Y sinh tai TT CNSH TPHCM. Tién si Nguyén Lé Xuén Truong tét
nghi¢p cur nhan nganh CNSH ndm 2004 tai PH KHTN TPHCM. Sau
d6, anh nhan duoc hoc b6ng dao tao tién st chuyén nganh sinh hoc phan
tir t& bao tai DH Sungkyunkwan, Han qudc tir nim 2004-2010. Sau khi
t6t nghiép, anh vé Viét Nam giang day tai DH KHTN tir nim 2010 dén
nam 2011 trude khi sang My 1am nghién ctru sau tién si tai vién ung thu
thudc dai hoc Stanford. Hién nay anh la chuyén gia khoa hoc cong tac
tai TT CNSH TPHCM.

REFERENCES

1. Steffen, B., C. Muller-Tidow, J. Schwable, W.E. Berdel, and H.
Serve. 2005. The molecular pathogenesis of acute myeloid
leukemia. Critical reviews in oncology/hematology. 56:195-221.

2. Smith, M., M. Barnett, R. Bassan, G. Gatta, C. Tondini, and W.
Kern. 2004. Adult acute myeloid leukaemia. Critical reviews in
oncology/hematology. 50:197-222.

3. Wu, J,, W.W. Wong, F. Khosravi, M.D. Minden, and L.Z. Penn.
2004. Blocking the Raf/MEK/ERK pathway sensitizes acute
myelogenous leukemia cells to lovastatin-induced apoptosis. Cancer
research. 64:6461-6468.

4. Sujobert, P., V. Bardet, P. Cornillet-Lefebvre, J.S. Hayflick, N.
Prie, F. Verdier, B. Vanhaesebroeck, O. Muller, F. Pesce, N. Ifrah,
M. Hunault-Berger, C. Berthou, B. Villemagne, E. Jourdan, B.
Audhuy, E. Solary, B. Witz, J.L. Harousseau, C. Himberlin, T.
Lamy, B. Lioure, J.Y. Cahn, F. Dreyfus, P. Mayeux, C. Lacombe,
and D. Bouscary. 2005. Essential role for the pl10delta isoform in
phosphoinositide 3-kinase activation and cell proliferation in acute
myeloid leukemia. Blood. 106:1063-1066.

5. Tamburini, J., C. Elie, V. Bardet, N. Chapuis, S. Park, P. Broet, P.
Cornillet-Lefebvre, B. Lioure, V. Ugo, O. Blanchet, N. Ifrah, F.
Witz, F. Dreyfus, P. Mayeux, C. Lacombe, and D. Bouscary. 2007.
Constitutive phosphoinositide 3-kinase/Akt activation represents a
favorable prognostic factor in de novo acute myelogenous leukemia
patients. Blood. 110:1025-1028.

6. Steelman, L.S., S.L. Abrams, J. Whelan, F.E. Bertrand, D.E.
Ludwig, J. Basecke, M. Libra, F. Stivala, M. Milella, A. Tafuri, P.
Lunghi, A. Bonati, A.M. Martelli, and J.A. McCubrey. 2008.
Contributions of the Raf/MEK/ERK, PI3K/PTEN/Akt/mTOR and
Jak/STAT pathways to leukemia. Leukemia. 22:686-707.

7. Petropoulos, K., N. Arseni, C. Schessl, C.R. Stadler, V.P. Rawat,
A.J. Deshpande, B. Heilmeier, W. Hiddemann, L. Quintanilla-
Martinez, S.K. Bohlander, M. Feuring-Buske, and C. Buske. 2008.
A novel role for Lef-1, a central transcription mediator of Wnt
signaling, in leukemogenesis. The Journal of experimental
medicine. 205:515-522.

8. Guzman, M.L., S.J. Neering, D. Upchurch, B. Grimes, D.S.
Howard, D.A. Rizzieri, S.M. Luger, and C.T. Jordan. 2001. Nuclear
factor-kappaB is constitutively activated in primitive human acute
myelogenous leukemia cells. Blood. 98:2301-2307.

9. Brandts, C.H., B. Sargin, M. Rode, C. Biermann, B. Lindtner, J.
Schwable, H. Buerger, C. Muller-Tidow, C. Choudhary, M.
McMahon, W.E. Berdel, and H. Serve. 2005. Constitutive
activation of Akt by FlIt3 internal tandem duplications is necessary
for increased survival, proliferation, and myeloid transformation.
Cancer research. 65:9643-9650.

10. Min, Y.H., J.I. Eom, J.W. Cheong, H.O. Maeng, J.Y. Kim, H.K.
Jeung, S.T. Lee, M.H. Lee, J.S. Hahn, and Y.W. Ko. 2003.
Constitutive phosphorylation of Akt/PKB protein in acute myeloid
leukemia: its significance as a prognostic variable. Leukemia.
17:995-9917.

11. Martelli, A.M., P.L. Tazzari, C. Evangelisti, F. Chiarini, W.L.
Blalock, A.M. Billi, L. Manzoli, J.A. McCubrey, and L. Cocco.
2007. Targeting the phosphatidylinositol 3-kinase/Akt/mammalian
target of rapamycin module for acute myelogenous leukemia
therapy: from bench to bedside. Current medicinal chemistry.
14:2009-2023.

14



<% Www.vjsonline.org

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Polak, R., and M. Buitenhuis. 2012. The PI3K/PKB signaling
module as key regulator of hematopoiesis: implications for
therapeutic strategies in leukemia. Blood. 119:911-923.

Markman, B., R. Dienstmann, and J. Tabernero. 2010. Targeting the
PI3K/Akt/mTOR pathway--beyond rapalogs. Oncotarget. 1:530-
543.

Fruman, D.A., R.E. Meyers, and L.C. Cantley. 1998.
Phosphoinositide kinases. Annual review of biochemistry. 67:481-
507.

Hennessy, B.T., D.L. Smith, P.T. Ram, Y. Lu, and G.B. Mills.
2005. Exploiting the PI3K/AKT pathway for cancer drug discovery.
Nature reviews. Drug discovery. 4:988-1004.

Courtney, K.D., R.B. Corcoran, and J.A. Engelman. 2010. The
PI3K pathway as drug target in human cancer. Journal of clinical
oncology : official journal of the American Society of Clinical
Oncology. 28:1075-1083.

Grupp, S.A., and J.A. Harmony. 1985. Increased
phosphatidylinositol metabolism is an important but not an
obligatory early event in B lymphocyte activation. Journal of
immunology. 134:4087-4094.

Steelman, L.S., S.C. Pohnert, J.G. Shelton, R.A. Franklin, F.E.
Bertrand, and J.A. McCubrey. 2004. JAK/STAT, Raf/MEK/ERK,
PI3K/Akt and BCR-ABL in cell cycle progression and
leukemogenesis. Leukemia. 18:189-218.

Brunet, A., S.R. Datta, and M.E. Greenberg. 2001. Transcription-
dependent and -independent control of neuronal survival by the
PI3K-Akt signaling pathway. Current opinion in neurobiology.
11:297-305.

Bellacosa, A., J.R. Testa, S.P. Staal, and P.N. Tsichlis. 1991. A
retroviral oncogene, akt, encoding a serine-threonine kinase
containing an SH2-like region. Science. 254:274-277.

Staal, S.P. 1987. Molecular cloning of the akt oncogene and its
human homologues AKT1 and AKT2: amplification of AKT1 in a
primary human gastric adenocarcinoma. Proceedings of the
National Academy of Sciences of the United States of America.
84:5034-5037.

Hanada, M., J. Feng, and B.A. Hemmings. 2004. Structure,
regulation and function of PKB/AKT--a major therapeutic target.
Biochimica et biophysica acta. 1697:3-16.

Nicholson, K.M., and N.G. Anderson. 2002. The protein kinase
B/Akt signalling pathway in human malignancy. Cellular signalling.
14:381-395.

Sabatini, D.M., H. Erdjument-Bromage, M. Lui, P. Tempst, and
S.H. Snyder. 1994. RAFT1: a mammalian protein that binds to
FKBP12 in a rapamycin-dependent fashion and is homologous to
yeast TORs. Cell. 78:35-43.

Jacinto, E., and M.N. Hall. 2003. Tor signalling in bugs, brain and
brawn. Nature reviews. Molecular cell biology. 4:117-126.

Guertin, D.A., and D.M. Sabatini. 2005. An expanding role for
mTOR in cancer. Trends in molecular medicine. 11:353-361.

Inoki, K., Y. Li, T. Zhu, J. Wu, and K.L. Guan. 2002. TSC2 is
phosphorylated and inhibited by Akt and suppresses mTOR
signalling. Nature cell biology. 4:648-657.

Long, X., Y. Lin, S. Ortiz-Vega, K. Yonezawa, and J. Avruch.
2005. Rheb binds and regulates the mTOR kinase. Current biology :
CB. 15:702-713.

Manning, B.D., A.R. Tee, M.N. Logsdon, J. Blenis, and L.C.
Cantley. 2002. Identification of the tuberous sclerosis complex-2
tumor suppressor gene product tuberin as a target of the
phosphoinositide 3-kinase/akt pathway. Molecular cell. 10:151-162.
Granville, C.A., RM. Memmott, J.J. Gills, and P.A. Dennis. 2006.
Handicapping the race to develop inhibitors of the phosphoinositide
3-kinase/Akt/mammalian target of rapamycin pathway. Clinical
cancer research : an official journal of the American Association for
Cancer Research. 12:679-689.

Holz, M.K., B.A. Ballif, S.P. Gygi, and J. Blenis. 2005. mTOR and
S6K1 mediate assembly of the translation preinitiation complex
through dynamic protein interchange and ordered phosphorylation
events. Cell. 123:569-580.

VJS | November 2015 | Volume 2 | Issue 2 | C1015_RR_01

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Huu Phuc Nguyen et al., Vietnam Journal of Science 2(2) (2015) 11-16

Hay, N. 2005. The Akt-mTOR tango and its relevance to cancer.
Cancer cell. 8:179-183.

Campbell, M., W.E. Allen, C. Sawyer, B. Vanhaesebroeck, and
E.R. Trimble. 2004. Glucose-potentiated chemotaxis in human
vascular smooth muscle is dependent on cross-talk between the
PI3K and MAPK signaling pathways. Circulation research. 95:380-
388.

Campbell, M., and E.R. Trimble. 2005. Modification of PI3K- and
MAPK-dependent chemotaxis in aortic vascular smooth muscle
cells by protein kinase Cbetall. Circulation research. 96:197-206.
Solomon, B., and R.B. Pearson. 2009. Class IA phosphatidylinositol
3-kinase signaling in non-small cell lung cancer. Journal of thoracic
oncology: official publication of the International Association for
the Study of Lung Cancer. 4:787-791.

Altomare, D.A., and J.R. Testa. 2005. Perturbations of the AKT
signaling pathway in human cancer. Oncogene. 24:7455-7464.
Shaw, R.J., and L.C. Cantley. 2006. Ras, PI(3)K and mTOR
signalling controls tumour cell growth. Nature. 441:424-430.

Uddin, S., A.R. Hussain, A.K. Siraj, P.S. Manogaran, N.A. Al-
Jomah, A. Moorji, V. Atizado, F. Al-Dayel, A. Belgaumi, H. El-
Solh, A. Ezzat, P. Bavi, and K.S. Al-Kuraya. 2006. Role of
phosphatidylinositol 3'-kinase/AKT pathway in diffuse large B-cell
lymphoma survival. Blood. 108:4178-4186.

Horn, S., U. Bergholz, M. Jucker, J.A. McCubrey, L. Trumper, C.
Stocking, and J. Basecke. 2008. Mutations in the catalytic subunit
of class IA PI3K confer leukemogenic potential to hematopoietic
cells. Oncogene. 27:4096-4106.

Bortul, R., P.L. Tazzari, A.M. Billi, G. Tabellini, I. Mantovani, A.
Cappellini, T. Grafone, G. Martinelli, R. Conte, and A.M. Martelli.
2005. Deguelin, A PI3K/AKT inhibitor, enhances chemosensitivity
of leukaemia cells with an active PI3K/AKT pathway. British
journal of haematology. 129:677-686.

Papa, V., P.L. Tazzari, F. Chiarini, A. Cappellini, F. Ricci, A.M.
Billi, C. Evangelisti, E. Ottaviani, G. Martinelli, N. Testoni, J.A.
McCubrey, and A.M. Martelli. 2008. Proapoptotic activity and
chemosensitizing effect of the novel Akt inhibitor perifosine in
acute myelogenous leukemia cells. Leukemia. 22:147-160.

Xu, R.H., H. Pelicano, H. Zhang, F.J. Giles, M.J. Keating, and P.
Huang. 2005. Synergistic effect of targeting mTOR by rapamycin
and depleting ATP by inhibition of glycolysis in lymphoma and
leukemia cells. Leukemia. 19:2153-2158.

Nguyen le, X.T., S.M. Chan, T.D. Ngo, A. Raval, K.K. Kim, R.
Majeti, and B.S. Mitchell. 2014. Interaction of TIF-90 and filamin
A in the regulation of rRNA synthesis in leukemic cells. Blood.
124:579-589.

Yap, T.A., M.D. Garrett, M.I. Walton, F. Raynaud, J.S. de Bono,
and P. Workman. 2008. Targeting the PI3K-AKT-mTOR pathway:
progress, pitfalls, and promises. Current opinion in pharmacology.
8:393-412.

LoPiccolo, J., G.M. Blumenthal, W.B. Bernstein, and P.A. Dennis.
2008. Targeting the PI3K/Akt/mTOR pathway: effective
combinations and clinical considerations. Drug resistance updates :
reviews and commentaries in antimicrobial and anticancer
chemotherapy. 11:32-50.

Luo, J., B.D. Manning, and L.C. Cantley. 2003. Targeting the PI3K-
Akt pathway in human cancer: rationale and promise. Cancer cell.
4:257-262.

Martelli, A.M., M. Nyakern, G. Tabellini, R. Bortul, P.L. Tazzari,
C. Evangelisti, and L. Cocco. 2006. Phosphoinositide 3-kinase/Akt
signaling pathway and its therapeutical implications for human
acute myeloid leukemia. Leukemia. 20:911-928.

Nguyen, L.X., A. Sesay, and B.S. Mitchell. 2014. Effect of CAL-
101, a PI3Kdelta inhibitor, on ribosomal rna synthesis and cell
proliferation in acute myeloid leukemia cells. Blood cancer journal.
4:e228.

Xu, Q., J.E. Thompson, and M. Carroll. 2005. mTOR regulates cell
survival after etoposide treatment in primary AML cells. Blood.
106:4261-4268.

Hahn, M., W. Li, C. Yu, M. Rahmani, P. Dent, and S. Grant. 2005.
Rapamycin and UCN-01 synergistically induce apoptosis in human

15



< Www.vjsonline.org Huu Phuc Nguyen et al., Vietnam Journal of Science 2(2) (2015) 11-16

leukemia cells through a process that is regulated by the Raf-
I/MEK/ERK, Akt, and JNK signal transduction pathways.
Molecular cancer therapeutics. 4:457-470.

51. Recher, C., O. Beyne-Rauzy, C. Demur, G. Chicanne, C. Dos
Santos, V.M. Mas, D. Benzaquen, G. Laurent, F. Huguet, and B.
Payrastre. 2005. Antileukemic activity of rapamycin in acute
myeloid leukemia. Blood. 105:2527-2534.

52. Giles, F.J., and M. Albitar. 2005. Mammalian target of rapamycin
as a therapeutic target in leukemia. Current molecular medicine.
5:653-661.

53. Cheng, J.Q., C.W. Lindsley, G.Z. Cheng, H. Yang, and S.V.
Nicosia. 2005. The Akt/PKB pathway: molecular target for cancer
drug discovery. Oncogene. 24:7482-7492.

54. Gills, JJ., and P.A. Dennis. 2004. The development of
phosphatidylinositol ether lipid analogues as inhibitors of the
serine/threonine kinase, Akt. Expert opinion on investigational
drugs. 13:787-797.

55. Park, S., N. Chapuis, J. Tamburini, V. Bardet, P. Cornillet-
Lefebvre, L. Willems, A. Green, P. Mayeux, C. Lacombe, and D.
Bouscary. 2010. Role of the PI3K/AKT and mTOR signaling
pathways in acute myeloid leukemia. Haematologica. 95:819-828.

56. Nguyen le, X.T., and B.S. Mitchell. 2013. Akt activation enhances
ribosomal RNA synthesis through casein kinase II and TIF-IA.
Proceedings of the National Academy of Sciences of the United
States of America. 110:20681-20686.

VJS | November 2015 | Volume 2 | Issue 2 | C1015_RR_01 16



< www.vjsonline.org Vietnam Journal of Science 2(2) (2015) 17-24

RESEARCH & REVIEW
Disulfide Bond Formation of Heterodimer and Heterotrimer of Human
Laminin-332 Coiled-coil Domains

Hoang Phuong Phan, Yasuo Kitagawa, and Tomoaki Niimi

Graduate School of Bioagricultural Sciences, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan

ARTICLE INFO ABSTRACT

Editor: Laminin (LM) a, B, and y chains were connected by disulfide bonds at the C- and N-termini
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’ terminus of LCC domain, one disulfide bond is formed to connect B and y chains while it
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Keywords: formation at the N-terminus of LCC domain, we mutated cysteines of LCC domains into
laminin-332 alanines by site-directed mutagenesis and co-expressed these mutants in an insect cell-free
La()rﬁggisislsz?ﬁzn translation system. Mutation of a single cysteine at the N-terminus of LCC domain of one
disulfide bond chain caused the failure of disulfide bond formation of heterotrimers. However, mutation of
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disulfide bond patterns at the N-terminus of human LM-332 LCC domains are not specific.
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1. Introduction

Laminins (LM) are large multidomain glycoproteins
of the extracellular matrix (ECM). LMs and type IV
collagen, nidogen, perlecan, agrin are major components
of basement membranes (BM) that act as supportive
architecture for the cells to proliferate, differentiate, and
migrate. Each LM molecule is a 500 to 900 kDa
heterotrimeric glycoprotein, in which a, B, and y chains
are assembled and disulfide bonded in a cross shaped
structure with three short arms and one rodlike long arm
(1-4). Since the first purification of LM-111 from mouse
Engelbreth-Holm-Swarm (EHS) sarcoma (5), five a,
three B, and three y chains have been recognized to
combine into 16 different heterotrimeric LMs (6).

The LM coiled-coil (LCC) domain is the site of
trimer assembly. It has many repeats of the heptad motif
where hydrophobic residues are located in the first and
fourth positions and charged residues in the fifth and
seventh positions (7-9). They form a hydrophobic surface
along a-helix with ionic edges at both sides. Interchain
hydrophobic interactions at this surface drive the chain
assembly and ionic interactions at the edges determine
the chain selectivity (10). Many studies of LM trimer
assembly confirmed that B and y chains first form B-y
heterodimer with disulfide bonds. Then, a chain
assembles with f-y heterodimer to form a-B-y
heterotrimer with disulfide bonds (11-14). Two cysteine
residues (-C-X-X-C- motif) at the N-terminus and one
cysteine residue at the C-terminus of LCC domains
involve in disulfide bond formation of B-y heterodimers
and o-fB-y heterotrimers (2, 12, 15-17). Up to now, we do
not know exactly which cysteine forms disulfide bond
with which cysteine at the N-terminus of LCC domains.

In our previous study, we succeeded to produce
heterotrimers of LCC domain of human LM-332
(a3B3y2) in an insect cell-free translation system (17). In
this study, we mutated cysteine residues at the N- and C-
termini of the LCC domains of human LM-332 into
alanine residues by site-directed mutagenesis and co-
expressed these mutants to analyze the role of these
cysteine residues for LM heterotrimer formation with
disulfide bonds in vitro (Fig. 1). The results showed that
disulfide bonds at the N-terminus of heterotrimers of
LCC domains could not form when we mutated only a
single cysteine residue at the N-terminus of LCC domain
of one chain into alanine residue. But the disulfide bonds
could form with different efficiencies when we mutated
cysteine residues at the N-terminus of LCC domain of
two different chains into alanine residues. These results
suggest that there is no fixed disulfide bond pattern
among six cysteine residues at the N-terminus of LCC
domains of human LM-332 heterotrimers.
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Fig. 1. Model of human LM-332 heterotrimer. Human
LM-332 consists of a3, 3, and y2 chains; a3 chain has
an LM epidermal growth factor-like (LEc1-4) domain, an
LM coiled-coil (LCC) domain, and an LM globular (LG1-
5) domain; 3 chain has an LM N-terminal (LN) domain,
an LEal-3 domain, an LEbI-3 domain, an LCC domain,
and an LM B knob (Lp) domain; y2 chain has an LEal-3
domain, an LM 4 (L4) domain, an LEbI-3 domain, and
an LCC domain. LCC domains of a3, 3, and y2 chains
assemble to form heterotrimers by disulfide bonds at the
N- and C-termini. The drawing is to show that the
disulfide bonds exist but does not imply their specificity.

2. Materials and Methods

2.1 Plasmid construction

We had cloned the LCC domains of human LM a3,
B3, and y2 chains into pTD1 vectors as previously
described (17-20). We used these vectors as templates for
site-directed mutagenesis using GeneTailor site-directed
mutagenesis kit (Invitrogen, Carlsbad, CA). We designed
primers as shown in Table I. Mutated plasmids were
checked by sequencing with an ABI Prism 310 genetic
analyzer (Applied Biosystems, Foster City, CA). The
mutated LCC domains were named by adding their
mutated cysteine residues C', C?, and C’ into their names.
Thus, single mutations of LCC domains were named as
03C', a3C% P3C!, B3C3, B3C°, y2C', y2C?, and y2C°
while double mutations were named as p3C'C?, p3C'C’,
B3C*C?, and y2C*C>. One special mutant of the a3 LCC
domain was made by substituting valine residue Val217
of 03C* mutant with a cysteine. This special mutant was
named as a3C (Fig. 2).
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Table I. List of primers used for site-directed mutagenesis

Mutant names Primer sequences Template

a3C' 5’-ATGACGATGACAAGGATGATGCCGACAGCTGTG-3’;5’- a3 LCC
ATCATCCTTGTCATCGTCATCCTTGTAGTC-3’

a3C? 5’-ACAAGGATGATTGCGACAGCGCTGTGATGACCC-3’;5’- a3 LCC
GCTGTCGCAATCATCCTTGTCATCGTCATC-3’

03C" 5’-ACAAGGATGATTGCGACAGCGCTTGCATGACCCTCC-3;5’- a3C’
GCTGTCGCAATCATCCTTGTCATCGTCATC-3’

B3C! 5’-AATATAAAGATATGGTGGCCGCCCACCCTTGCT-3;5’- B3 LCC
GGCCACCATATCTTTATATTTTATTTTTCT-3’

B3C? 5’-ATATGGTGGCCTGCCACCCTGCCTTCCAGACCT-3’;5’- p3 LCC
AGGGTGGCAGGCCACCATATCTTTATATTT-3’

g3C’ 5’-GCGTGCTCTACTATGCCACCGCCAAGTAGTCT-3’;5’- p3 LCC
GGTGGCATAGTAGAGCACGCGCCCATTGAT-3’

p3C'c? 5’-AATATAAAGATATGGTGGCCGCCCACCCTGCC-3;5’- B3C?
GGCCACCATATCTTTATATTTTATTTTTCT-3’

B3C'cC’ 5’-GCGTGCTCTACTATGCCACCGCCAAGTAGTCT-3’;5’- B3C!
GGTGGCATAGTAGAGCACGCGCCCATTGAT-3’

B3CC’ 5’-GCGTGCTCTACTATGCCACCGCCAAGTAGTCT-3’;5’- B3C?
GGTGGCATAGTAGAGCACGCGCCCATTGAT-3’

y2C! 5’-TGGAGCATGGAGCATTCAGCGCTCCAGCTTGCT-3";5’- v2 LCC
GCTGAATGCTCCATGCTCCATATCTTTATA-3’

y2C? 5’-GAGCATTCAGCTGTCCAGCTGCCTATAATCAAG-3’;5’- v2 LCC
AGCTGGACAGCTGAATGCTCCATGCTCCAT-3’

y2C? 5’-GGGACAACCTGCCCCCAGGCGCCTACAATACCC-3";5’- v2 LCC
GCCTGGGGGCAGGTTGTCCCTAATGTTCTC-3’

y2cC’ 5’-GGGACAACCTGCCCCCAGGCGCCTACAATACCC-3";5’- y2C?
GCCTGGGGGCAGGTTGTCCCTAATGTTCTC-3’
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Fig. 2. Summary of LCC domains of human LM-332 and
their mutants used in this study. A FLAG tag was inserted
at the N-terminus of LCC domain of o3 chain. A part of
amino acid sequences from the N- and C-termini of LCC
domains and their mutants were showed in boxes. Two
cysteine residues at the N-terminus (-C'-X-X-C-) and
one cysteine residue at the C-terminus (C°) of LCC
domains were mutated into alanine residues (A) by site-
directed mutagenesis. The mutants were named by adding
their mutated cysteine residues (C', C°, and C°) into their
names. One special mutant, a3C", was created from a3C’
by mutating the valine residue that is adjacent to the
alanine residue into cysteine. In this study, we called
a3C', a3C°, B3C!, B3C°, p3C°, y2C', y2C°, and y2C° as
single cysteine mutants, and B3C'C°, B3C'C°, p3C°C’
and y2C°C° as double cysteine mutants.

2.2 Protein expression

mRNAs were synthesized from 1 pg of the linearized
vectors using a ScriptMax Thermo T7 Transcription Kit
(Toyobo, Osaka, Japan). The synthesized mRNAs were
diluted to a final concentration of 2 pg/ul with nuclease-
free water. Ethylenediaminetetraacetic acid (EDTA) was
added to a final concentration of 1 mM. Protein synthesis
was carried out using a Transdirect insect cell kit
(Shimadzu, Kyoto, Japan) in non-reducing conditions. To
check the heterodimer and heterotrimer formation, 6 pg
of mRNAs of each a3, B3, and y2 LCC domains and their
mutants were mixed with other reagents of the kit to
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reach 50 pl of reaction volume following instruction (21-
23). The reaction mixtures were incubated for 5 h at 25
°C.

2.3 Western blot analysis

Protein samples were separated on 8% sodium
dodecyl sulphate (SDS) polyacrylamide gels under
reducing or non-reducing conditions, and transferred onto
Hybond™-ECL membranes (GE Healthcare, Piscataway,
NJ). Membranes were blocked with 5% non-fat dry milk
in phosphate buffer saline (PBS) buffer containing 0.1%
Tween-20 (blocking buffer) for an hour at room
temperature. Next, the membranes were incubated with
primary antibodies against FLAG-tag (1:2,000)
(monoclonal anti-FLAG M2; Sigma, St. Louis, MO),
against LM B3 (1:2,000) (polyclonal antibody H-300;
Santa Cruz Biotechnology, Santa Cruz, CA), against LM
v2 (1:2,000) (monoclonal antibody B-2; Santa Cruz
Biotechnology) in blocking buffer for 1 hour at room
temperature. Membranes were washed with PBS buffer
containing 0.1% Tween-20 (washing buffer), and
incubated with horseradish  peroxidase-conjugated
secondary antibodies (1:1,000) (GE Healthcare) in
blocking buffer for 1 hour at room temperature.
Membranes were washed again in washing buffer and
developed using ECL western blotting detection reagents
(GE Healthcare), and visualized on Hyperfilm MP (GE
Healthcare).

3. Results

3.1 Mutation of cysteine residues of LCC domains of
human LM-332 into alanine residues by site-directed
mutagenesis

One cysteine residue at the C-terminus of B and y
LCC domains and two cysteine residues at the N-
terminus of a, B, and y LCC domains are necessary for
disulfide bond formation of LM heterodimer and
heterotrimer (2). These cysteine residues are Cys213 and
Cys216 at the N-terminus of a3 LCC; Cys581 and
Cys584 at the N-terminus and Cys1177 at the C-terminus
of B3 LCC; Cys609 and Cys612 at the N-terminus and
Cys1190 at the C-terminus of y2 chain. To explain our
data easily, we called Cys213 and Cys216 of the a3
chain, Cys581 and Cys584 of the B3 chain, Cys609 and
Cys612 of the y2 chain as C' and C” of the corresponding
chains, respectively. We also called Cys1177 of the B3
chain and Cys1190 of the y2 chain as C° of the B3 chain
and C’ of the y2 chain (Fig. 1). We created single
cysteine mutations of LCC domains including a3C',
a3C?, a3C", B3C', B3CE P3CY, y2C', y2C2, and y2C°. We
also created double cysteine mutations of LCC domains
including B3C'C% B3C'C?, B3CC, and y2CC* (Fig. 2).
We co-expressed these mutated a3, B3, and y2 LCC
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domains with normal o3, B3, and y2 LCC domains in
different combinations to check disulfide bond formation
of heterodimers and heterotrimers.

3.2 Disulfide bond formation at the N- and C-termini
of heterodimer of p3 and y2 LCC domains

First, we investigated the roles of two cysteine
residues, C' and Cz, at the N-terminus and one cysteine
residue, C°, at the C-terminus of $3 and y2 LCC domains
for disulfide bond formation of $3-y2 heterodimer. Many
experiments confirmed that LM  and y chains form a
disulfide bond with cysteine C’ at the C-terminus of LCC
domains (7, 11, 15). However, cysteines C' and C* at the
N-terminus of LCC domain of p and y chains have not
been reported to form disulfide bonds. We co-expressed
B3 or B3C3, B3CI1C2, B3CIC3, and B3C2C3 with y2 or
v2C3, y2Cl1, and y2C2C3 to examine if disulfide bonds
by cysteines C' and C? at the N-terminus can be formed
in the absence of cysteine C° at the C-terminus LCC
domains. We also examined which cysteine of 3 LCC
binds to which cysteine of y2 LCC at the N-terminus in
the case B3 and y2 LCCs can form disulfide bonds at the
N-terminus. Western blotting using anti-f3 antibody
showed that when 3 and y2 LCCs did not have cysteine
C’ at the C-terminus, heterodimer could not form
disulfide bond by cysteine C' and C* at the N-terminus
(Fig. 3). Western blotting using anti-y2 antibody showed
the same results (data not shown). Therefore, the
disulfide bond of cysteines C’ at the C-terminus of LCC
domain of B3 and y2 chains is crucial for [(3-y2
heterodimer formation without a3 LCC domain; in the
absence of cysteine C°, disulfide bonds of cysteines C'
and C” at the N-terminus of LCC domains did not form.

Fig. 3. The role of cysteine residues C', C°, and C° of
LCC domains of B3 and y2 chains for disulfide bond
formation of f3-y2 heterodimer. Mutants of 3 chain
(B3, B3C° B3C'C’, p3C'C’ and B3CC°) were co-
expressed with mutants of y2 chain (y2, y2C°, y2C', and
y2C°C°). Samples were load into an 8% SDS-PAGE gel,
in non-reducing condition and immunobloted with an
anti-f3 antibody. The results showed that only when both
LCC domains of B3 and y2 chains had cysteine C at the
C-terminus, p3-y2 heterodimers could be formed (lanes 1
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and 3 of B3 and B3C'C°). Molecular weight markers are
indicated on the left. Monomer (m) and dimer (d) bands
are indicated with black triangles.

3.3 Disulfide bond formation with cysteines C' and C*
at the N-terminus of LCC domains of a3-p3-y2
heterotrimer

To check for disulfide bond formation by cysteines
C' and C? at the N-terminus of LCC domains, we co-
expressed LCC domain of a3 chain with B3C* and y2C°
mutants which do not have cysteine C* at the C-terminus
but intact cysteines C' and C* at the N-terminus. Western
blotting using an anti-FLAG antibody showed that p3C’
and y2C’ mutants could form heterotrimers with disulfide
bonds normally (Fig. 4A). Western blotting using anti-f3
antibody and anti-y2 antibody show similar results (data
not shown). Therefore, without disulfide bond at C-
terminus of LCC domain of 3 and y2 chains, a3-$3-y2
heterotrimer could form disulfide bonds by cysteines C'
and C? at the N-terminus of LCC domains.

Fig. 4. Disulfide bond formation of a3-p3-y2 heterotrimer
with cysteines C' and C° at the N-termini of LCC
domains. LCC domains of a3, 3, and y2 chains and their
mutants (@3C", B3C°, and y2C°) were co-expressed and
checked for disulfide bond formation at the N-terminus.
Expression samples were load into an 8% SDS-PAGE gel
in non-reducing condition and detected by western blot
with an anti-FLAG antibody. A, LCC domains of o3
chain could form disulfide bonds with B3C° and y2C°
mutants at the N-terminus. B, a3 C" mutant which has the
—C-X-X-X-C- motif at the N-terminus could form disulfide
bonds with B3C° and y2C’ mutants at the N-terminus.
Molecular weight markers are indicated on the left.
Monomer (m) and trimer (t) bands are marked with black
triangles. The bands indicated with white triangles are
thought to be non-specific bands.
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Next, we examined whether the position of cysteine
residues C' and C? at the N-terminus of LCC domains
affects disulfide bond formation of heterotrimer.
Cysteines C' and C? at the N-terminus of LCC domains
usually have -C'-X-X-C?- motif, except al and o2 chains,
which have —C'-X-X-X-C* motif (24, 25). We made
03C" mutant which has the -C'-X-X-A-C"- motif instead
of the -C'-X-X-C?- motif. Therefore, the position of
cysteine C* was moved 1.5 angstrom far from C'. The
results using a3C”~ mutant showed that heterotrimer could
form disulfide bonds normally by cysteine residues C'
and C" at the N-terminus of a3C" LCC domains with
B3C’ and y2C’ mutants (Fig. 4B). This result suggested
that interaction of a3 chains with B3-y2 heterodimers at
the N-terminus of LCC domains is not rigid but flexible.

3.4 Disulfide bond formation at the N-terminus of
LCC domains with mutations of cysteines C' and C?

We co-expressed one single cysteine mutant among
a3C', a3C?, B3C', P3C2, y2C', or y2C? with two normal
LCC domains of a3, B3, or y2 chains to examine disulfide
bond formation of heterotrimers. Using an anti-FLAG
antibody for Western Blot, we did not detect any
heterotrimer bands (Fig. 5). However, when using an
anti-B3 antibody or an anti-y2 antibody, we could detect
very little amount of some heterotrimer bands with
different size and migration (data not shown). By
immunoprecipitation using anti-FLAG antibody, we
could also detect the presence of B3 and y2 chains using
an anti-f3 antibody and an anti-y2 antibody (data not
shown). It means all the mutants interacted and
assembled into dimers and trimers normally.

Fig. 5. Failure of disulfide bond formation by a single
mutation of cysteines C' and C’ at the N-terminus of LCC
domains. Two normal LCC domains of o3, p3, and y2
with one of the single cysteine mutants (a3C', a3C’,
B3C!, B3C°, y2C', and y2C°) were separately co-
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expressed and evaluated for heterotrimer formation by
disulfide bonds at the N-termini. Samples were load into
an 8% SDS-PAGE gel in non-reducing condition and
detected by Western Blot with an anti-FLAG antibody.
The results showed that without one cysteine C' or C* at
the N-terminus of LCC domains of a3, p3, and y2 chains,
a3-p3-y2 heterotrimers could not form. Molecular weight
markers are indicated on the left. Monomer (m) and
trimer (t) bands are indicated by black triangles. The
bands indicated with white triangles are thought to be
non-specific bands.

We then co-expressed two single cysteine mutants
among a3C', a3C?, P3C', B3C? y2C', or y2C* with one
normal LCC domain of a3, 3, or y2 chains to check for
the disulfide bond formation of heterotrimer. The results
showed that some mutant combinations such as a3-p3C'-
y2C', 03C'-p3C'+y2, a3C'-B3-y2C', and o3C*-P3-y2C'
have weak efficiency of heterotrimer formation. Some
other mutant combinations such as a3-B3C*-y2C', o3-
B3C*-y2C% a3C'-B3-y2C?, a3C>-P3C'-y2, 03C*-P3C*-y2,
and 03C*-P3-y2C*> showed normal heterotrimer
formation. But two special combinations of a3-p3C'-y2C?
and 03C'-p3C*-y2 showed the failure of heterotrimer
formation with disulfide bonds (Fig. 6). With three
antibodies against a3, B3, and y2 chains, we repeated this
experiments several times and the results were the same.
We could not identify which cysteine binds specifically
to which cysteine at the N-terminus of LCC domains of
LM-332. These results suggested that there is no specific
disulfide bond pattern for cysteines at the N-terminus of
LCC domains of LM-332.

Fig. 6. Disulfide bond formation of heterotrimers by two
single mutations of cysteines C' and C’ at the N-terminus
of LCC domains. One normal LCC domain of a3, p3, or
y2 and two other single cysteine mutants among a3C’,
a3C?, p3C’, B3C% y2C', and y2C’ were co-expressed and
examined for heterotrimer formation by disulfide bonds
at the N-termini. Samples were loaded into an 8% SDS-
PAGE gel in non-reducing conditions. Western Blot was
first done with an anti-FLAG antibody to detect a3
chains, then the membrane was stripped and reprobed
with an anti-B3 antibody to detect f3 chains, and finally
stripped and reprobed again with anti-y2 antibody to
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detect y2 chains. The results showed that LM
heterotrimers  formed  with  different efficiencies
depending on single cysteine mutant combinations.

4. Discussion

Cell-free translation system is a convenient system
for recombinant protein expression and protein-protein
interaction analysis. We succeeded in synthesizing
heterotrimers of LCC domains of LM-332 in a cell-free
translation system derived from Spodoptera frugiperda
21 (Sf21) insect cells (21-23). With the advantages of this
system, we could analyze the disulfide bond formation of
heterodimers and heterotrimers using many mutants. Our
study focused on the disulfide bond formation of two
cysteine residues C' and C* at the N-terminus and one
cysteine residue C’ at the C-terminus of LCC domains,
which involve in disulfide bond formation of LM
heterodimer and heterotrimer.

Our previous data showed that when we expressed
monomers of LCC domain of a3, 33, or y2 chains, LCC
domain of B3 or y2 chains could form homodimers except
a3 chain, but not homotrimers. When we co-expressed
LCC domain of B3 with y2, the main product was 3-y2
heterodimers with a little amount of homodimers. This
suggested that B3-y2 heterodimers are more preferably
formed comparing with B3-B3 and y2-y2 homodimers.
Interchain hydrophobic interactions and ionic interactions
of a-helix coiled-coil domains drive the assembly of B3
and y2 chains and that supports the disulfide bond
formation by cysteines C’ at the C-termini. We did not
find any trimers such as B3-B3-y2, B3-B3-B3, y2-y2-B3,
and y2-y2-y2 when we co-expressed LCC domains of 3
with y2. In this study, we mutated cysteines C’ at the C-
termini of LCC domains of B3 and y2 chains into
alanines, we found that f3C* and y2C® mutants could not
form disulfide bonds by cysteines C' and C* at the N-
termini. This result suggested that interchain interactions
of LCC domains of B3 and y2 at the N-terminus were not
strong enough or incomplete to support the disulfide bond
formation. Therefore, interchain hydrophobic interactions
and ionic interactions at the C-terminus of LCC domains
will drive the chain selectivity of LM B and y chains.
Then, cysteine C* as a first lock will fix all preferably
formed B-y heterodimers by a disulfide bond at the C-
terminus of LCC domains.

When a3 chain interacts with B3-y2 heterodimer, the
interaction of three chains at the N-terminus of LCC
domains can make their cysteine residues come closer to
each other and that interaction supports better for
disulfide bond formation. The result using a3C" mutant,
which has the -C-X-X-X-C- motif instead of the -C-X-X-
C- motif showed that the a3C" mutant could form
disulfide bonds normally with the B3C* and y2C°
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mutants. This result suggested that interaction of a3
chains with B3-y2 heterodimers at the N-terminus of LCC
domains are flexible with more than one interacting site.
So the existence of LM heterotrimers that do not have
disulfide bonds at the N-terminus of LCC domains could
be because a chains do not interact with B-y heterodimers
at the site suitable for disulfide bond formation (12).
From this result we also suggest that f3-y2 heterodimer
may be able to form disulfide bonds in vitro with all other
LM a chains by cysteines C' and C* at the N-terminus of
LCC domains. Furthermore, to the best of our knowledge,
this study is the first to show that without a disulfide bond
at the C-termini of coiled-coil domain of [3-y2
heterodimers, heterotrimers could be formed by disulfide
bonds at the N-termini of coiled-coil domains. By using
computer programs to analyze coiled-coil structure of all
human and mouse LCC domains, Zimmerman and
Blanco also concluded that it is possible for all LM a, B,
and y chains to form other non-natural disulfide-bonded
heterotrimers out of 15 well-known natural LMs in vitro
(26).

Our data showed that cysteines C' and C” at the N-
termini of LCC domains are necessary for disulfide bond
formation of heterotrimers. We created six single cysteine
mutants including a3C', a3C? B3C', P3C?, y2C', and
¥2C?, and co-expressed these mutants with normal LCC
domains to analyze which cysteine binds specifically to
which cysteine at the N-terminus of LCC domains of
LM-332. When we co-expressed two normal LCC
domains with one single cysteine mutant, disulfide bonds
could not form at the N-terminus of LCC domains. But
when we co-expressed one normal LCC domains with
two single cysteine mutants, disulfide bonds could form
again with different efficiencies depending on mutant
combinations. Furthermore, when we co-expressed three
single cysteine mutants, heterotrimer could not form
again (data not shown). These results suggested that the
disulfide bond formation by cysteine residues C' and C*
at the N-terminus of LCC domains of LM-332 are not
fixed but random with different efficiencies depending on
which cysteine binds to which cysteine. There should
have other factors that interfere with or involve in the
disulfide bond formation by binding to cysteine residues
of LM chains. These factors could be any molecular
chaperones involving in interchain and intrachain
disulfide bond formation of proteins (27). Further
researche is needed to understand the mechanism of
disulfide bond formation of LM heterotrimers inside the
cell.

In conclusion, we provided new information about
disulfide bond formation of LM heterodimers and
heterotrimers. First, LM o, B, and y chains are translated
as monomers. Then, B and y chains assemble to form -y
heterodimers with a disulfide bond at the C-terminus of
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LCC domains. Next, a chain assembles with -y
heterodimers. When o chains interact with [~y
heterodimers at suitable sites, disulfide bonds will form
randomly at the N-terminus of LCC domains. Disulfide
bond formation of heterotrimers at the N-termini does not
depend on the disulfide bond formation at the C-termini
of coiled-coil domains. We suggest that interactions at the
N-terminus of LCC domains are important for disulfide
bond formation of LM heterotrimers.
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BRIEF OVERVIEW OF ONCOLYTIC VIRUSES

Viruses are usually considered as infectious agents
that can lyse cells and cause deadly diseases such as
Acquired Immune Deficiency Syndrome (HIV/AIDS),
Severe Acute Respiratory Syndrome (SARS), or Ebola
Hemorrhagic Fever (EHF). Indeed, viruses are dangerous
causative agents because of its wide range of targeting
cell types and rapid infectious rate. According to the
estimation of World Health Organization (WHO), 35.3
million people around the world had HIV infection in
2012 and this number is increasing every year with 0.8%
global prevalence [1]. An outbreak epidemic of Ebola,
which began in February 2014 at Guinea, caused
suspectedly 1,323 cases with 729 deaths that have been
reported as of 27 July 2014 [2]. Measles virus recently re-
emerged in Vietnam with spreading out in 24 cities and
caused approximately 1000 infectious cases [3]. Despite
of the virus’ effects on human diseases, a large amount of
studies demonstrate that viruses can be modified by
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Generally, this concept describes several specific viruses
that lyse cancer cells, but leave healthy cells unharmed.

Historically, anti-cancer activity of virus was
recorded in the late of 19" century on cancer patients
infected with virus. In 1896, a myelogenous leukemia
patient had significant dropping of leukocyte count after
getting influenza infection [7]. In another case, a
lymphatic leukemia boy was infected with chickenpox
virus, which led to cancer regression when his spleen size
and leukocyte number returned to normal. These
observations suggested that viral infection could treat
cancer in patients. Moreover, compromised immune
system on cancer patients could facilitate the anti-cancer
activity of virus. Indeed, clinical experiments of
virotherapy on cancer patients became popular in the
middle 20™ century [7]. These studies were often
conducted in cancer patients with live virus that directly
were extracted from virus-infected patients without any
attenuating treatment. Although these experiments

Figure 1: A timeline of milestones in the development of oncolytic virus as a cancer therapy. Since the first
discovery in the late 19" century, oncolytic viruses have been getting more attention to be used as anti-tumor
therapy. Until the middle of 20" century, clinical trials of oncolytic viruses on cancer patients, who were transmitted
body fluids containing viruses, revealed the potential of using wild type viruses for treating cancer. Even though
these wild type viruses can inhibit tumor growth in some immunosuppressed patients, they are easily recognized
and cleared by immune system. Also, these wild type viruses can cause infection to normal cells leading to fatality in
patients. Thus, modern approaches of genetics in recent years, which enhance selective viral replication on tumor
cells, gene-carrying ability, and penetration of host immune defenses, allow oncolytic viruses to improve their anti-

tumor ability.

genetic engineering and used as an effective therapy in
treating cancer in both preclinical models and clinical
trials with human patients [4] [5] [6]. These viruses are
called oncolytic viruses (OVs) in which “onco” and
“lytic” represent for “cancer” and “lysis”, respectively.
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achieved positive results with tumor regressions in cancer
patients, the oncolytic efficacy was still limited due to (1)
virus activity was also suppressed by the immune system;
(2) the contamination of virus infection in normal cells;
and (3) the virus’ effects causing fatality in patients [4].
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There were four main clinical studies in this era
using viruses as a therapy for cancer treatment including
Hepatitis B virus [8], Egypt 101 virus [9], Adenovirus
adenoidal pharyngeal-conjuctival virus (APC) [10], and
Mumps virus [11]. In 1949, Hepatitis B virus was first
used for treating Hodgkin’s disease in 21 patients [8].
The patients were administrated by parenteral injection of
impure human serum containing virus. In the results,
13/22 patients had hepatitis, 7 of whom had partial tumor
responses to therapy and 4 among them had tumor size
reduction [8]. Three years later, Southam et al used
Egypt 101 virus to treat advanced — unresponsive
neoplastic disease in 34 patients by using intravenous and
intramuscular injection of bacteria-free mouse and human
tissue extracts containing viruses. The results showed that
27/34 patients were successfully infected by Egypt 101
virus; 14/34 patients were positive with oncotropism,
which defines the ability or property of virus to find and
destroy malignant tumor cells, but ignore the healthy
cells; and 4/34 temporarily had tumor regression [9]. In
1956, APC virus was employed by Georgiades ef al. to
apply in 30 cervical carcinoma patients. They obtained
positive results with 26/30 inoculations in localized
necrosis when injected APC to patients through intra-
arterial, intravenous administration [10]. In another study,
Asada conducted clinical trials to treat terminal gastric,
pulmonary, uterine cancers by using wild type mumps
virus in 90 cancer patients. There were 37/90 complete
regression patients, 42/90 growth suppression patients
and 11/90 unresponsive patients [11].

In 1991, modern approach for applying OVs in
treating cancer was officially begun by a research on
modified HSV genome with deletion of thymidine kinase
(TK) gene [12]. This research showed that virulence of
this virus strain was reduced in normal neurons, but
selective in human glioma cells. In detail, TK-negative
mutant of herpes simplex viruses — 1 could lyse 5 glioma
cell lines (U87 cell line, T98G cell line, and 3 other cell
lines obtained from human glioma patients). In immune
deficiency mice, these viruses could inhibit tumor growth
from injected subcutaneous U87 glioma cells and prolong
mice survival [12] [4]. After this study, the research on
OVs has been more focused on the interaction of virus
protein and dysfunctional protein inside cancer cells.
Among them, Onyx-15 was an engineered genome
oncolytic adenovirus that carried viral genome with
deletion of E1B55kD gene [13] [4] [14] . It has been
shown that Onyx-15 could replicate selectively and lyse
pS53-deficient tumor cells and ignore healthy cells [13].
Bischoff et al. proved the efficacy of this virus strain by
injecting them into nude mice that carried p53-deficient
human cervical carcinomas. The results showed that
Onyx-15 caused a significant reduction in tumor size and
decreased 60 percent of the tumors in comparison to
control group [13]. Unexpectedly, the clinical trials
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indicated that Onyx-15 was ineffectively replicated in
certain tumor cells [12]. Therefore, the exact replication
mechanism in this virus is still a controversial topic [13]
[14]. Due to this unknown, research on this virus has
been abandoned in early 2000s in Europe. However, after
clinical trial research in China, a similar mutant virus
strain with Onyx-15 named as Oncorine — H101 was
approved by Chinese State Food and Drug
Administration to treat late-stage of nasopharyngeal
cancer in combination with chemotherapy [15].

Currently, there are at least 9 types of virus family
being studied on clinical trials at various phases (Table 1)
[16]. Talimogene laherparepvec (T-VEC) and Reolysin,
phase III of clinical trial of which were completed, are the
two of the promising OVs. T-VEC is an oncolytic herpes
simplex virus currently being studied for the treatment of
melanoma and other advanced cancers. This virus was
initially developed by BioVex, Inc. under the name
OncoVEX ™" yntil it was acquired by Amgen in 2011.
With the announcement of positive results in March
2013, T-VEC was the first oncolytic herpes simplex virus
to be proven effective in a phase III clinical trial for
treating melanoma [17] [18]. Recently, T-VEC was voted
as the first oncolytic virus to gain FDA (US Food and
Drug Administration) - approval recommendation for
treating melanoma in  April, 2015 [19]. This
recommendation may lead to a great opportunity for T-
VEC to become the first oncolytic virus approved by
FDA for widely using on cancer patients. Reolysin,
which is originated from respiratory enteric orphan virus,
was developed by Oncolytic Biotech Company for the
treatment of various cancers and cell proliferative
disorders. Phase III clinical trial of this virus was
completed for treating carcinoma, squamous cell of the
head and neck cancer in combination with paclitaxel and
carboplatin [20].

THE ONCOLYTIC MECHANISM OF OVs

One of the most important ability of OVs to attack
cancer but not healthy cells is the selective replication
ability. The selective replication of OVs could be
achieved by taking advantage in several key-signaling
pathways in cancer cells, including p53, interferon
response pathway, epidermal growth factor receptor
(EGFR) and Ras pathway, interferon-induced and double-
stranded RNA-dependent protein kinase (PKR) pathways.
Interestingly, these signaling pathways in cancer and
normal cells are differently regulated by OVs [16] [4]
[14].
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Figure 2. A (left). lllustration of oncolytic virus (T-VEC) activity in normal cells. Deletion of ICP34.5 gene leads to
virus recognizing by viral defense system in normal cells, which includes type I IFN and double-stranded RNA-
dependent protein kinase signaling. This system activates a signaling cascade that prevents viral replication and
directs infected cells for apoptosis or necrosis. ICP34.5: Infected cell protein 34.5, ICP47: Infected cell protein 47,
GM-CSF: Granulocyte macrophage colony-stimulating factor, TLR: Toll-like receptor, IFNs: Interferons, PKR:
double-stranded RNA-dependent protein kinase. Figure 2. B (right). Illustration of oncolytic virus (T-VEC) activity
in cancer cells. Due to the dysfunction of PKR pathway, cancer cells cannot target and inhibit viral replication.
Deletion of ICP47 gene leads to antigen presented to cell surface, which in turn recruits immune cells to tumor site.
Expression of GM-CSF, which is inserted to viral genome, also enhances anti-tumor immune response by recruiting
and stimulating dendritic cells to tumor sites. ICP34.5: Infected cell protein 34.5, ICP47: Infected cell protein 47,
GM-CSF: Granulocyte macrophage colony-stimulating factor, TLR: Toll-like receptor, IFNs: Interferons, PKR:

double-stranded RNA-dependent protein kinase.

P53

P53 is a key tumor suppressor protein that can arrest
cell cycle or induce cell apoptosis in cells under stress
conditions. Moreover, the tumor suppressor protein p53 is
a main protein in cellular defense system against viruses
[14]. Due to gene mutations or the influence of p53
inhibitors, p53 expression is reduced in a variety of
cancer cells [21] [22]. The suppression of p53 enhances
cancer cells’ susceptibility to oncolytic viruses and
facilitates viral replication inside cancer cells. In contrast,
the normal expression of p53 in healthy cells inhibits both
the infection and replication of oncolytic viruses [14].
This principle was employed in Onyx-15 and H101
oncolytic viruses as mentioned in the first part of this
review [15].

Interferon response and Ras pathway

Another strategy to gain selective replication in
cancer cells by oncolytic virus is to interfere with
interferon response and EGFR/Ras pathway [23]. In
normal cells, interferon o or [ inhibits the viral
replication inside the cells by blocking translation of viral
RNA into protein. In order to replicate, vaccinia virus,
which is the causative agent of eradicated smallpox
disease, employs protein B18R to inhibit the interferon
pathway. Thus, in cancer cells, selective replication will
be achieved when B18R encoding gene is removed from
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vaccinia virus to reduce the expression of interferon o or
B receptor [23]. The EGFR/Ras pathway is usually
dysregulated in cancer cells, leading to a significant
increase in nucleotides, which is a very favorable
condition for Vaccinia virus replication. Thymidine
kinase (TK) and Vaccinia grow factor (VGF) are viral
proteins that have similar functions with the EGFR/Ras
pathway in making nucleotide pool for viral replication.
Therefore, TK and VGF encoding genes could be
removed from vaccinia viral genome in order to achieve
selective replication [23]. The engineered vaccinia
viruses could not replicate in normal cells due to lack of
their vital proteins whereas they could selectively
replicate in cancer cells that do favor virus replication by
abnormal expression of EGFR/Ras pathway and IFN
response pathway. In addition, key immune system genes
can be inserted into virus genome, such as GM-CSF to
further enhance recognition of cancer antigens by
immune system and promote the oncolytic effect.
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Interferon (IFN) and double-stranded RNA-
dependent protein kinase (PKR) pathways

Talimogene laherparepvec (T-VEC), which was
developed from herpes simplex virus 1 (HSV-1),
selectively replicate in cancer cells by taking advantage
of the type I IFN and double-stranded RNA-dependent
protein kinase (PKR) pathways. When healthy cells are
infected by viruses, PKR pathway inhibits viral protein
synthesis by phosphorylation of eiF2a. In order to
prevent this inhibition, herpes simplex virus expresses
ICP34.5 protein to dephosphorylate eiF2a and trigger
viral protein synthesis. In addition, interferon type 1
(IFNa or IFNP) expressed by infected cells could produce
an activation signal on PKR by binding to interferon type
1 receptors because one of their downstream targets is
PKR [14]. However, cancer cells which possess the
dysregulation of this pathway will favor the replication of
oncolytic virus [14] [24]. Deletion of ICP34.5 in T-VEC
genome facilitates selective replication of this virus inside
cancer cells. Moreover, there are genetic changes in T-
VEC genome that also favor its oncolytic ability. First of
all, ICP 47 protein is a viral protein that inhibits virus
antigen presenting in target cells by retaining the MHC
class T molecule in the endoplasmic reticulum. This
protein-encoding gene is deleted in T-VEC genome,
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leading to the virus antigen present in virally infected
cancer cells. This event recruits immune cells to tumor
sites and induces the immune responses. In addition, the
insertion of GM-CSF gene into T-VEC genome enhances
anti-tumor immune responses. GM-CSF is a cytokine that
could recruit and stimulate antigen-presenting cells to
tumor sites, thus increases cancer killing ability of virus
in combination with that of the immune system [24].

Conclusion

These examples of oncolytic viruses reveal that anti-
tumor ability of virus can be used as a target therapy for
treating cancer. Selective replication and gene carrying
ability can be considered as the most important benefits
of this method to make oncolytic virus become an
effective targeting therapy. Although further research
need to be explored to improve the effects of OVs,
current positive clinical trial results demonstrate the
feasibility of this method in treating cancer.

Table 1. Examples of oncolytic viruses in current clinical trials from nine virus families [16]

Virus family Virus name Current clinical trial phase Genetic modifications
Herpesviridae T-VEC Completed phase IIl for treating | Deletion of ICP 34.5 and ICP 47 gene
melanoma Addition of GM-CSF gene
Reoviridae Reolysin Completed phase III for treating | None
head and neck cancers in
combination with paclitaxel and
carboplatin
Adenoviridae Oncorine Approved for treating head and | Deletion of EIBS5KD gene
(H101) neck cancer with Cisplatin in
China
Poxviridae JX-594 Ongoing phase IIB for treating | Deletion of Thymidine Kinase gene
hepatocellular carcinoma Addition of GM-CSF gene
Paroviridae ParvOryx Ongoing phase I and II for treating | None
Glioma
Paramyxoviridae | MV-NIS Ongoing phase [ for treating | Gene modifications for not blocking
Myeloma in combination with | STATI and MDAS pathway
Cyclophosphamide
Picornaviridae PVS-RIPO Ongoing phase I for treating | Controlled translation by the internal
Glioma ribosome
Rhabdoviridae VSV-hIFNB | Ongoing phase I for treating | Addition of human IFNf gene
hepatocellular carcinoma
Retroviridae Toca 511 Ongoing phase I and 1II for treating | Addition of cytosine deaminase gene
Glioma

GM-CSF, granulocyte—macrophage colony-stimulating factor; hIFNf, human interferon-; ICP, infected cell protein; MDAS,
melanoma differentiation-associated protein 5; MV, measles virus; NIS, sodium—iodide symporter; PVS, poliovirus Sabin;
RB, retinoblastoma protein; RIPO, Rhinovirus—poliovirus hybrid; STATI, signal transducer and activator of transcription 1;

US. unique seauence: VSV. vesicular stomatitis virus.
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SCIENTIST PORTRAIT
“Hay quay vé khi tuoi doi con tré, khi sirc con dai va vai con rong”

Hoa Phan', Hwong Ha’
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ABSTRACT

VIJS just had the honor to interview Dr. Ly Le, a very young, successful, dedicated, and inspiring assistant professor in
Bioinformatics from International University, Ho Chi Minh city, Vietnam. With a successful PhD training in chemistry from
University of Utah (more than 5 publications), she could find postdoc and professor positions in the US but instead, she chose to
come back to Vietnam. Starting her own lab right after graduate school in 2010, Dr. Ly Le and her team have published more than
20 research articles within 5 years about Drug Discovery using computational and experimental approaches in accredited
international journals. And yet she is determined to go beyond just publications. Her dream is translating discovery in her lab into

actual products that can efficiently treat cancer and other common diseases in Vietnam.

Vietnam Journal of Science vira ¢6 vinh du dugc tro chuyén cung chi Lé Thi Ly - m¢t trong nhitng n& Phé gido su
(PGS) tré tudi nhat Viét Nam. Du tét nghiép tién si tai My va c6 rt nhiéu co hoi dé & lai cong tac trong cac Vién, Dai
hoc 16n, nhung PSG. TS. Lé Thi Ly van quyét tim vé Viét Nam xdy dung chuyén nganh Sinh - Tin hoc tai trudng Dai
hoc Quéc Té (PHQT), Tp.HfB Chi Minh — noi chi dang cong tac hién nay.

Trai qua giai doan gy dung day nhiét huyét bat ddu tir nam 2010, PGS. TS. Lé Thi Ly cung cong su va cac sinh vién d
xut ban hon 20 bai bao trén cac tap chi uy tin qudc té vé chi d& Kham Pha va Sang Loc Dugc Phdm Méi. Chi chia sé:
"Sau 5 nam nhin lai, t6i cam thiy minh cn lam nhitng viéc thiét thyc hon nita. T6i va nhom nghién ciru tai truong
PHQT mudn cong tic voi nhidu nha khoa hoc trong nuée va qubc té dé tao ra nhitng san phim cy thé phuc vu cho
nguoi dan Viét Nam thay vi chi la nhitng bai bao nghién ctru.”

Moi ban doc cung theo ddi dong luc va hanh trinh cua nir khoa hoc gia can man va nhiéu dam mé nay.

Anh 1: PSG. TS. Lé Thi Ly dén tham va lam viéc tai Vién Khoa Hoc Tién Tién Nhdt Ban (JAIST)
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Chao chi Ly, dwoc biét chi di hoan tit mét trong
nhitng chwong trinh dao tao Tién si Héa hoc tot nhit
nwée My ¢ Dai hoc Utah, chi con cé trong tay rit nhiéu
cong trinh nghién ciru khoa hoc xudt bin trén cic tap
chi uy tin trong nganh nhw Tap chi Hoa hoc Hitu co
(Journal of Organic Chemistry) — Hé sé dnh hwéng
(Impact Factor) lén t6i 4.72 nén co hi o lgi va lam vzec
chiic ciing rit nhiéu. Viy diéu gi da thoi thic chi tré vé
Viét Nam?

PGS. TS. Lé Thi Ly: Cam on Vietnam Journal of
Science da moi toi chia s¢ vé cau chuyén ctia minh. Khi
theo hoc & M, toi di co co hoi két ndi voi kha nhiéu gido
su ¢ nhiing dai hoc 16n théng qua nhimng lan di dy hoi
thao hay hop tac nghién ctru, dién hinh nhit 1 dai hoc
Ilinois tai thanh phd Urbana Champaign. Téi di ngo 16
tim hiéu va ciing c6 dugc nhimg co hoi lam nghién ctru
sau Tién si. Nhung ngay thoi diém nam 2009, khi gan tdt
nghiép, t6i tham du héi thao thudng nién cua Quy Gido
Duc Viét Nam (VEF) va dugc nghe nhiing chia s¢ vé cac
huong phat trién méi cua DPai hoc Qubc Té (DHQT) —
Tp.H6 Chi Minh tir chinh thiy Hiéu trudng - Gido su Ho
Thanh Phong. Thiy ciing thong bao truong dang tuyén
giang vién, nghién ciru vién dé thanh 1ap céc hudng
nghién ctru méi. Mic du chuyén nganh Tién si ciia toi 1a
Héa hoc, hau hét cac dé tai nghién ctru cua toi lai thién vé
huéng Sinh - Tin hoc — la mét trong nhitng linh vuc mili
nhon ma BPHQT muén déu tu phat trién Cam thiy day 1a
mot co hoi rat tbt dé dong gop cho nén khoa hoc nuéc
nha, t6i quyét dinh vé truong va tinh t6i nay thi toi da
cong tac 6 PHQT dugc hon 5 nam.

PV: Chij c6 thé chia sé vé diéu kign cong tic khi chi
quyeét dinh quay vé Viét Nam?

PGS. TS. Lé Thi Ly: Khi vé Viét Nam khong lau 1a
t6i...sinh bé dau tién (mim cudi), nén cong viée ciing co
chut gian doan. May mén 1a toi chon huéng nghién ctru
thién vé mo phong va tinh toan nén co thé sém quay lai
cong viéce sau khi sinh bé. Cu thé hon, nhom t6i theo dudi
linh vyc “tng dung Tin Sinh Hoc trong Phéat Trién Duoc
phim m&i”. ‘bay la mot trong nhitng hudng nghién ctru
6 y nghia rat 16m tai Viét Nam vi nudc ta c6 ngudn duge
lidu truyén thong kha phong phti ma lai chua dwoc nghién
ctru sdu bang cac k¥ thuat hién dai va dwa vao ung dung.
Bén canh d6, hudng di nay ciing khéng doi héi qua nhiéu
trang thiét bi may moc dat tién, lai con phat huy duoc tu
duy nghién ctru va sy chu dong cia cac ban sinh vién.

Diém thuan lgi tiép theo 1a sy hd trg tir trudng
DHQT. Khéng chi thanh lap quy nghién ctru ban dau va
phong dc, truong con tao diéu kién t6i da giup toi tim
dugc cac ngudn tai tro tir Quy nghién ctru Hai Quan Hoa
Ky va nhit 1a quy NAFOSTED. Nhom nghién ctru duoc
xay dung ngay tu khi t6i chinh thiic giang day tai truong.
Moi truong lam viée & day rat ning dong, coi md va mirc
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lwong 6n dinh. Thém nita, nha truong luén cha dong két
n6i cac doanh nghiép, quy dau tu voi giang vién dé thic
déay cac nghién ctru mang tinh thyc tién va thu hat thém
kinh phi cho khoa hoc.

Viéc cong tac voi cac t chirc nghién ctru khac trong
nudc cling dong vai trd quan trong trong cong viéc cua
to1. To1 nhan duoc nhiéu hd trg cua S& Khoa hoc Cong
nghé TP.HCM thong qua cong tdc nghién ctru véi phong
Khoa Hoc Su Séng cua Vién Khoa Hoc va Cong Nghé
Tinh Toan (ICST). Mot yéu té nita khong kém phan quan
trong khac 13 hién nay ¢ Viét Nam da bit dau c6 nhiéu
nha nghién ciru tré, ning dong, nén co hoi hop tac dé thuc
hién nhitng dé tai da nganh ciing dan cao hon.

PV: Nhitng chia sé ciia chi thwe sw tao dng luc dé
cdc khoa hoc gia tré vé nwéc cong tic vi méi trwong
nghién ciru bdy gio da c6 nhiéu déi méi. Thudn lgi la
viy, nhung chic chi ciing co gdp khong it kho khan hay
thir thach?

PGS. TS. L& Thi Ly: Trong khoang thoi gian dau, toi
ndp hd so xin kinh phi tai nhiéu noi khac nhau nhung lién
tuc that bai. Chi v&i 400 tridu ngan quy, t6i phai trang trai
cho viéc xay dung nhom nghién ciru trong 3 nim, hd trg
sinh vién dé cac ban c6 thé yén tim lam nghién ctru va
giri cac ban qua nudc ngoai hoc tap dé lién tuc cap nhat
nhitng k¥ thuat méi. Ngoai chuyén kinh phi, viéc cong bd
céc nghién ctru ciing 1a mot thir thach 16n. Néu & My nop
ban thao va xuit ban thuan loi bao nhiéu thi & Viét Nam
khé biy nhiéu. Thtr nhat 13 do sinh vién chua c¢6 k§ ning
viét, nén t6i danh rat nhiéu thoi gian gitp cac em sira ban
thdo, c6 luc phai stra hon 10 14n méi ndp duoc. Sau nay,
khi nhém dan 6n dinh rdi thi cac ban c6 kinh nghiém
nhiéu hon gitp t6i huéng din cho nhitng em sinh vién
moi.

Thtr hai, t61 khi hoan thanh ban thao va gui cho tap
chi r6i, do nganh ciia minh ¢ Viét Nam chua c6 tén tudi
trén trudng qudc t& nén cac nha bién tap rat khit khe va
lién tyc tra vé bai viét ma khong guri cho phan bién. Doi
khi phai bit budc ndp cho céc tap chi ¢6 chi sé anh hudng
thdp hon ma khong con cach khéc.

Bén canh d6, quy md ctia nhdm nghién ctru con nho,
t6i lai thich hd tro sinh vién di du hoc nén doi khi c6
nhiéu y tuéng cho cac du 4n 16n ma rat kho thuc hién vi
thiéu nhan lyc. Téi cling chii dong hop tac véi Pai hoc Y
Duoc va vién Khoa hoc Cong nghé Tinh todn, tuy vay
van kho dé trién khai cac dé tai mang tim c& qudc gia dé
¢6 thé thuc sy ché tao ra duoc duge phdm méi. Hi vong
hudng nghién cru nay s& sém nhan duoc sy hd tro va dau
tu co6 hé théng ciia nha nudc ciing nhu cia cic doanh
nghiép.
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Mot kho khian khac 14 t6i ciing phai danh nhiéu thoi
gian cho giang day va céc cong tac quan trong khac nhu
tuyén sinh, to chirc hoi thao...Khé thi khé vy, nhung toi
dam mé ca viéc day va lam khoa hoc nén luén cb ging
danh thoi gian ti da c6 thé cho nhirng cong viée nay.

Anh 2: PGS. TS. Lé Thi Ly tw vén sinh vién doc bai bao
va tim thong tin nghé nghiép.

PV: Chii dé Tim kiém va Sing loc Dwgc phim méi thit
sw rat thu vi! Chi cé thé miéu ta cu thé hon cdach thirc
nghién ciru cvua chi khong?

PGS. TS. Lé Thi Ly: Nhom cuia t6i két hop ca viée sang
loc dugc pham trén may tinh va thir nghiém tryc tiép
bang cac phuong phéap thuc nghiém. Viéc tng dung cic
cong nghé sinh tin hoc giup cho nhom tiét kiém thoi gian,
gi6i han lai cac ddi tugng c6 duoc tinh tdt cho loai bénh
ma nghién ctru quan tam. Sau khi ¢6 duoc cdc ung cu
vién tiém ning rdi thi nhém s& tim hiéu cac dic tinh hoa
hoc va sinh hoc cua cac hop chat nay. Budc tht hai nay
rat quan trong va giap tién gan hon téi viéc phat hién
thuéc méi. Cac cong sy cua nhom toi tr truong PH Y
Duogc s€ giup thtr dugce tinh thyc sy trén mo hinh dong
vat. Trude day toi tap trung nghién ctru dé tim duoc lidu
méi cho bénh ciim A trén gia cém va ngudi, va hién nay
thi hudng t6i hai nhom bénh rat pho bién ¢ Viét Nam do
1a ung thu va tiéu dudng.

PV: Tro thanh Pho gido sw va co nhitng thanh tuu
trong nghién ciru khoa hoc va dao tgo sinh vién khi tuéi
doi con rit tré. Theo chi, yéu té nao di giup chj cé dwgc
thanh céng nhw ngay hém nay? Lam thé nao dé chi cin
bing giiva gia dinh va cong vigc?

PGS. TS. Lé Thi Ly: T6i khong nghi minh thanh céng
hay qua xuét sic dau (mim cudi). Didu mau chét 1 toi rat
thich day hoc va ciing rat yéu cong viéc nghién ctru, nén
khi lam nhiing cong viéc nay thi cam thdy khong qua
ning nhoc ma nguoc lai rat hao himg. Mdi sang thirc day,
ngay khi ra khoi nha trén duong di dén truong 1a toi lai
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nghi dén cong viéc, nay ra cic y tuong méi cho cac dé tai
cua nhom. Toéi cling khong dam tu nhan minh la nguoi
hoan hao, gidi giang ca ngoai xa hdi va trong gia dinh.
Song t6i ludn tim niém rang phai dam bao nhimg thi can
thiét nht cho con. Téi ¢b ging chim soc con khoa hoc va
sip xép viéc nha hop 1y, tap cho cac bé c6 tinh ty 1ap, ndu
nhitng mén an bd dudng cho con nhung khong qua cau
ky va mét nhiéu thoi gian. May mén hon nita 1a t6i luon
duoc gia dinh ndi ngoai hd trg cham soc cac bé khi di
cong tac xa hay khi cong viée qua cang thang.

PV: Sau ching dwong 5 nam nhin lgi, chi cé suy nghi
va dy dinh nhw thé nao vé twong lai?

PGS. TS. Lé Thi Ly: Sau 5 nam nhin lai, t6i cam thay
minh can lam nhimng viéc thiét thuc hon nira. T6i va
nhom nghién curu tai truong PHQT muon cong tac vdi
nhiéu nha khoa hoc trong nudc va qudc t& dé tao ra
nhitng san phim cu thé phuc vu cho ngudi dan Viét Nam
thay vi chi la nhiing bai bao nghién ctru.

PV: Chi c¢é nhén nhii nao cho cic nghién ciru tré néu
nhw ho quyet dinh tro vé Viét Nam?

PGS. TS. Lé Thi Ly: Mdi ngudi déu c6 mot hudng di,
mot lya chon riéng. T cau chuyén cla minh, t6i nghi néu
cac ban quyét dinh quay vé thi ¢6 1& nén vé khi tudi doi
con tré, khi strc con dai va vai con rong, cac ban s€ cod
nhitng trai nghi¢m rat tha vi. Ban s& 1a chu cua chinh
minh, s& c6 dat rong cho su sang tao va kham pha. S& c6
lac thir nghiém cua ban khong thanh cong, nhung khong
nén nan chi. Dién mao khoa hoc Viét Nam dang thay ddi
tung ngay, cac ban dung ngai khong gip dugc nhiing
ngudi gioi va ning dong nhu minh. Néu c6 diéu kiém thi
c4c ban nén di 1am nghién ctru sau tién si chimg 2 nim dé
tich Iy thém kinh nghiém, rén luyén cac ky nang va tao
nén mot mang ludi cic cong su that viing chic. Giir
nhitng mdi lién hé nay dé ban vin co bai bio xuat ban
trong 1-2 nim dau méi vé nudc, khi phong thi nghiém
con xdy dung do dang. Chéc chan ban s& gap phai nhiéu
khé khian, dic biét 1a didu kién co s¢ vat chat, viy nén
hay chon cho minh mét huéng nghién ctru c6 y nghia
nhung khéng qua phirc tap dé thuc hién, phai don gian
hoa phan nao céac thi nghiém cua minh. Quan trong hon
hét 1a tim cach giit duoc lira dam mé, va tim kiém sinh
vién ké thira. Céc sinh vién Viét Nam bay gio rat gioi,
trong nhom cta toi co nhitng ban xut ban duoc t6i 3 - 4
bai bao trén tap chi uy tin. T6i tin rang voi kha nang,
niém dam mé va quyét tim ciia cac ban, nén khoa hoc
Viét Nam s& som c6 nhitng budc tién dai.

Tap chi khoa hoc Vigt Nam rit cim on nhitng chia sé
chan tinh va hitu ich ciia PGS. TS. Lé Thi Ly. Chuc chi
luon thanh cong voi nhirng dy dinh ciia minh.
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SCIENTIST PORTRAIT
GS. TS. Truwong Nguyén Thanh: “Can mét sy thay doi manh mé trong tu
duy quan ly Khoa hgc va Cong Ngh¢ Viét Nam”

Ling Du', Hrong Ha?

! Virginia Tech
2 Stanford University

ABSTRACT

GS. TS Truong Nguyén Thanh, khoa Héa hoc, dai hoc Utah My 1a mot chuyén gia hang dau thé gidi trong linh vyuc hoa
tinh toan va phat trién ha tﬁng co so tinh toan. Gido su cling dang dam nhiém vi tri Vién Trudng Khoa Hoc, Vién khoa
hoc va cong nghé tinh toan, TP.HCM. Ngoai ra, thay ciing 1a nguoi sang lap trang ivanet.org, trang mang xa hoi tap hop
nhitng khoa hoc gia gdc Viét trén toan thé gidi. Hoc tro ctia thiy co rat nhiéu nguoi thanh danh trong khoa hoc va hién
dang cong tic & Viét Nam nhu PGS. TS. Lé Thi Ly, TS. Huynh Kim Lam. Thay Thanh d3 c6 nhing trao dbi hét stc coi
m& va thing thin vé tinh hinh khoa hoc trong nuéc cing voi nhirng chinh sach cin dé phat trién Khoa Hoc va Cong
Nghé (KHCN) Viét Nam.

Anh: GS. TS Truong Nguyén Thanh, khoa Héa hoc, dai hoc Utah, Hoa Ky
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VJS: Chao thiay Thanh. Truédc tién ching em xin
cdim on thay da nhdn 10i trao déi cing chuyén muc
Chdin Dung nha Khoa hoc cua VIJS. Ching em dwgc
biét thay la thanh vién sing ldp trang mang ivanet.org,
noi tgp hop nhitng ngwoi Viét lam khoa hoc trén toan
thé gidi. Xin moi thay gidi thiéu cho djc gia VIS biét ré
hon vé t6 chirc ivanet, phwong thirc hoat dpng va muc
tiéu hwéng dén.

GS. TS. Truong Nguyén Thanh: Hdi trude t6i dam
nhi¢m chirc vu Thu ky Hiép hoi Gido su géc Viét 6 My.
Hoi nay hinh thanh tir nhitng nim 90 thé ky trude, co
khoang chirng 40 thanh vién 1a gido su gbc Viét dang lam
viéc & My. Tuy nhién do c6 nhiéu khac biét vé cach nhan
dinh cac van dé ¢ Viét Nam nén cudi ciing hoi ciing tan
rd. Do that su 1a mot didu rat dang tiéc vi néu tap hop lai
chung ta c¢6 thé cung gitp dd nhau dat dwoc nhimng vi tri
cao hon trong xa h¢i. Do do, t6i da lap trang ivanet.org
v6i muyc tiéu 1a tap hop nhitng nguoi lam khoa hoc gdc
Viét dé cac thé h¢ di trude c6 co hoi gitip dd cdc thé hé di
sau cung phat trién. Hé thong gido duc & nudc ngoai that
su rat 1a kho va ¢ nhiéu thir thach ké ca cho ngudi ban
xtr. Xin 1am nghién ctru sinh da khong d&, sau khi c6 tién
si xin vi tri postdoc thi kh6 hon, roi tim duoc vi tri pho
gi4do su (assistant professor) thi cang kho gép boi, va dé
dugc lam gido su (tenure professor) ‘thyc thy’ thi trim bé
khé hon nira. Do d6 viéc thanh 1ap hoi nay, dé gitp d&
nguoi Viét Nam thanh cong hon trong hé thong gido duc
nude ngoai 1a rat can thiét.

Ivanet hién bao gdm cac gido su, nghién ciru sinh,
nguoi lam khoa hoc khong chi & nudc ngoai ma con cod
nhiéu thanh vién & trong nudce. Hién gio hoi da c6 hon
2000 thanh vién, dén tir nhing linh vie khac nhau va
thuong xuyén ban luan rat soi ndi vé nhiéu vin dé nhu
moi truong lam viéc, phuong phap nghién ctu, tinh hinh
khoa hoc trong nudc. Nam sau, ching t6i du dinh s& td
chicc mot hoi nghi & Viét Nam dé cac thanh vién trong
nhom c6 diéu kién gdp mat, trao dbi kinh nghiém va tim
kiém co hoi hop tac. P6 ciing 1a co hoi dé cac nha khoa
hoc trong nudc két ndi voi cic khoa hoc gia ¢ nudc
ngoai.

VJS: Ngodadi ivanet, thay c6 dang tham gia hoat
déng nao khdc dé thiic day sw phat trién ciia Khoa hoc
Viét Nam khong thuwa thiy?

GS. TS. Truong Nguyén Thanh: Tur khoang 8 - 9
nam nay, téi vé Viét Nam thuong xuyen moi nam

khoang 2-3 thang dé gitp TP.HCM phat trién Vién Khoa
hoc va Cong ngh¢ (KHCN) Tinh toan. Vién dugc thanh
lap nhidm thiic day phat trien KHCN Tinh todn, mot linh
vuc khoa hoc twong d6i méi & Viét Nam dya trén loi thé
vé chi phi dau tu cho khoa hoc tinh toan twong dbi thap
hon nhiéu so voi thuc nghiém, trong khi két qua nghién
ctru ¢6 thé canh tranh dugc véi cac nudc phat trién trén
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thé giéi. Nghién ctru KHCN Tinh toan phan 16n 1a mo
phong va md hinh hoa cac hé théng phtrc tap tir co ché
phan ng hoa hoc, tuong tic phan tu thudc véi ddi twong
bénh (disease target), nhimg van dé lién quan dén moi
truong nhu chat lugng nude song, cho dén thiét ké ky
thut, ddng thoi phat trién phian mém cho gido duc va
nghién cru. Vién truéng Didu hanh cia Vién hién gio 1a
PGS.TS Nguyén Ky Phung, PGP s¢ KHCN TPHCM.
Téi chi phu trach phan chién luge phat trién KHCN cua
Vién.

VJS: Ciing di gin bé véi khoa hoc Vigt Nam mot
thoi gian khd ldu, thay cé danh gid thé nao vé tinh hinh
KH&CN ¢ Viét Nam hién nay? Theo thay liéu cé sw
thay doi dpt phd cho Viét Nam vé KH&CN trong thoi
gian toi?

GS. TS. Truong Nguyén Thanh:

OECD (Organization for Economic Cooperation and
Development -Td chirc Hop tac va Phat trién Kinh te)
hop tac voi Ngan hang Thé gidi huc hién mot danh gia vé
tinh hinh phat trién KHCN cua Viét Nam va da hoan tét
vao cudi ndm 2014. Theo d6, Viét Nam dang ding trude
thir thach rat 16n, d6 13 c6 thé bi khoa vao mot nén kinh té
cong nghé thap voi nhimg gia tri gia tang thip va phat
trién chi yéu dua trén tai nguyén. Néu cham thay doi thi
nguy co rat cao la Viét Nam sé roi vao bay thu nhap trung
binh. Véi tinh hinh hién nay, dé ¢6 kha nang vuot qua thir
thach nay, khoa hoc va cong nghé c6 thé 1a chia khoa tao
dong luc phat trién kinh té va xa hoi.

Gén day, chinh sach vé KH&CN & Viét Nam da c6
nhiéu bién dong tich cyc. Tiéu biéu nhu du 4n FIRST cua
World Bank, tai trg gén 100 tri¢u d6 la My dé Viét Nam
phat trién KH&CN. Quy Innova Fund véi kinh phi hon
1000 ty dong Viét Nam ciing méi ra doi dé thuc day khoi
nghiép tir nhitng sang tao trong khoa hoc. R6i dau thang 9
nay ciing vira ¢6 budi gdp mat giita thi tudng véi cac nha
khoa hoc tré. Cung véi quy NAFOSTED hoat dong rét
tich cuc va ciing da dem lai nhimng thanh cong dang ké
trong may nam tré lai day. D6 1a nhimg diém sang trong
buc tranh KH&CN Viét Nam thoi diém hién tai.

Tuy nhién, lidu co6 su thay d6i dot pha gi cho
KH&CN cua Viét Nam trong tuwong lai khong? Cau tra
101 cua t61 1a KHONG! Tai sao t6i lai no6i nhu vay?

Vé mat khoa hoc, néu 1am thi nghiém theo quy trinh
cii thi két qua ciing s& khong c6 gi khac hon nhiing gi da
nhédn dugc. Boi vay, chi trir khi chinh pht dua ra nhiing
giai phap moi, manh mé& va quyét doan thi tinh hinh
KH&CN méi c6 thé dot pha dugc.

Ban chién lugc phat trién khoa hoc tir naim 2000 dén
2010, 1i tir 2011 dén ndm 2020 dwa ra nhimg hudng phat
trién trong diém nhu nganh cong nghé thong tin-truyén
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thong, cong nghé vat ligu tién tién, cong nghé sinh hoc,
cong nghé ty dong hoa va co dién tu, nang lugng nguyén
tr va cdc dang nang luong mdi, cong ngh¢ v tru. Chién
lwgc phat trién qua chung chung, khong noi Ién dugc
nhimg muc tiéu r6 rang dé cong dong khoa hoc c6 thé xay
dung 16 trinh phat trién dé dat dén. Chinh phu My thi
nguoc lai, luon dua ra nhing bai toan hét suc cu thé, nhu
bai toan Ve gidi ma bd gen ngudi muoi may nam trude va
gin day tong théng Obama dua ra chién luoc phat trién
siéu may tinh véi muc tiéu tde d6 10 rang.

Viét Nam can dé xuét nhitng bai toan/van dé thuc té
xuét phat tir viéc phan tich nhu ciu phat trién kinh té xa
hoi, kha nang canh tranh voéi thi truong trong nudc va
qudc té cling nhu tinh kha thi. Qua nhitng bai toan thuc té
nay, nha lanh dao c6 thé danh gia dugc tim quan trong
ctia nhitng huéng phat trién khac nhau, hiéu 16 ring nhu
ciu dau tu cho muc tidu dai han co thé c6 nhiéu thach
thirc so véi nhitng dé xudt ¢ loi ich ngéin han tinh kha thi
cao nhung khong dap tng duoc nhu cdu phat trién can
thiét. Nhirng bai toan thuc té nay con gitp dua ra 19 trinh
phat trién 13 rang, nhiing tiéu chuan dé danh gia hiéu qua
dinh ky; qua d6 c6 thé dé diéu chinh ké hoach phat trién
kip thoi. Thém vao do, nhimng bai toan thyc té thuong doi
hoi sy phdi hgp da nganh dé cing phat trién cing nhu
nang cao hiéu qua dau tu, tang kha nang giai quyét nhu’ng
bai toan phirc tap. Vi du dé phat trién thanh cong miu xe
hoi dién Angkor EV cua Campuchia doi hoi sy phdi hop
lién nganh giita cong nghé thong tin truyén thong, cong
nghé vat liéu tién tién, cong nghé tw dong hoa va co dién
tur, cac dang nang lugng mai (chiém 4 trong 6 nganh cong
nghé trong diém trong chién luge phat trién KHCN cua
Viét nam ndi trén). Dya trén tinh hinh hién nay, t61 nghi
c6 thé dit ra nhitng bai toan thyc té dua trén co so ha t?mg
cling nhu nhan lyc nganh céng nghé thong tin ma tu
muoi may ndm nay ching ta da tap trung phat trién.

Ngoai ra ha tang co so cho nghién ctru, khoa hoc
Viét Nam can phai duoc tai co ciu. Xwa nay chung ta
theo mé hinh cua Lién X0, do 1a cac truong dai hoc chi
dam nhiém viéc day hoc, con viéc nghién cuu thi dé cho
cac vién han 1am khoa hoc. Chi c6 thoi gian gan day,
chung ta méi cho phép cac vién han 1am mé cac chuong
trinh dao tao sau dai hoc, roi khuyén khich cac dai hoc
tham gia nghién ctru khoa hoc. Nhung ha tang co sé hién
gio cia cac truong dai hoc chua cho phép diéu do. O cac
truong dai hoc ndi tiéng trén thé gidi, 90% co s vat chét
1a danh cho nghién ctru. Vi ha tang co sé nhu by gio,
cling khong ngac nhién khi nguoi ta noi cac truong dai
hoc ¢ Viét Nam qua nang vé ly thuyét.

VJS: Cé mot vin dé déi véi Vigt Nam dé la hién
chiing ta vén con la mét nwéc dang phit trién, nén kinh
té con nhiéu han ché. Néu tip trung dau tw vio ha téng
co so nghién ciru thi liéu co qua sirc voi Viét Nam?
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GS. TS. Truong Nguyén Thanh: That ra ma noi thi
ching ta khong can danh qua nhiéu tién dé dau tu dau.
Tuy nhién van dé 1a chung ta phai biét dau tu tap trung
vao nhitng muc tiéu rd rang, tranh dan trai. Theo thong ké
cua B KH&CN nam 2011, hién nay ca nudc c6 khoang
gin 700 don vi nghién ctru khoa hoc (cip trung wong va
cAp bd) va gan 1.000 don vi cdp dia phuong. Vi s6
lwong nhiéu nhu thé thi chung ta ldy dau ra tién dé dau tu
dtng muc cho nhiing hoat dong nghién ctru thudng xuyén
¢6 chat luong. Trong khi d6 ca nude My chi c¢6 17 Phong
thi nghiém qudc gia (National lab). Ngay ca & Han Quéc,
chi ¢6 12 vién nghién ctru cdp Bo. Do do, bai toan ¢ day
l1a liéu chinh pht c6 ddm manh tay gop 700 vién nay
thanh 70 vién, roi tir 70 thanh 7 khong? Theo toi viéc
ching ta xay dung thém mot loat cac vién nghién cuu
méi ciling 1a tin hiéu tdt nhung xét v6i tinh hinh kinh té
hién nay dau tu cho hoat dong nghién cuu cho 700 vién
s0 v6i 705 hay 710 vién thi viéc nay c6 nhiéu kha ning
dem lai hiéu qua khong nhu mong doi. Vain dé 1a can
nhiing giai phap manh mé&, dong loat, d6i khi 1a hoi doc
doén thi méi mong tinh hinh khac di duogc.

T6i xuat phat 13 mot néng dan. Khi ma toi trong cai
cu, ban ddu gieo hat dé cho tat ca cac hat c6 co hoi phat
trién. Sau mot thoi gian, t6i tia bo nhimng cdy yéu dé rong
chd cho cay khoe phat trién. Néu t6i dé tat ca cac cdy
phat trién ctng nhau thi lam sao c6 dwoc nhiing cu cai to
khoe c6 kha nang canh tranh ban ngoai chg dugc.

VJS: Theo thiy thi chinh phii cin c¢é nhitng bai
todn cu thé méi cé thé thu hit dwoc cdc nha khoa hoc ¢
khdp noi tham gia. Mdc di viy thdy ciing biét la trong
cong dong ngwoi Viét & nwée ngodi ton tai nhiéu y kién
bt dong, trdi chiéu vé tinh hinh chinh tri trong nuwéc.
Viy thi néu chinh phii giao cho ho cdc nhiém vu cu thé,
co khi nao vi nhiitng khdc bi¢t do, cac nha khoa hgc
Viét Nam & nwdc ngodi sé tiv choi tham gia?

GS. TS. Truong Nguyén Thanh: Khac biét chinh tri &
dau ciing c6. Ngay ca & My ciing thé thoi, nguoi ung ho
Pang Dan Chu va Pang Cong Hoa ciing kho thong nhat ¥
kién vé& mat chinh tri. Nhung nhitng khac biét d6 khong
qua 16n va co thé sin sang gat bé sang mot bén cho
nhitng muc dich cao hon. Téi da tiép xtc v6i nhidu nha
khoa hoc Viét Nam ¢ nudc ngoai. Pa 6 ho déu yéu
nude, rit mong mudn cong hién cho qué huong. Nhung
van dé 1a chua c6 moi trudong véi nhitng co ché phii hop
va nhitng bai toan cu thé nén nhiéu ngudi van loay hoay
khong biét gitp d dat nude thé nao. Téi tin 1a néu Chinh
phu tin twdng tao diéu kién cho cac nha khoa hoc cbng
hién, chic chan s lugng ngudi tham gia vao cac dy an dé
s& khong phai 1a it. Quan trong nhét la ching ta phai thay
dbi tu duy.

VJS: Lai néi vé dﬁ:i méi tw duy, thdy nghi sao vé
vigc DH. Ton Dirc Thang tw phong gido sw thoi gian
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gan ddy. Vigc nay giong cdch lam ciia cdc DH néi tiéng
trén thé gidi nhung liéu cé nén dp dung ¢ Viét Nam
thoi diém hién nay?

GS. TS. Truong Nguyén Thanh: Ciing di ¢ nhiéu ¥
kién trai chidu nhau vé& viéc ndy. S6 nguoi ung hod ciing
nhiéu ma sé nguoi phan dbi ciing khong phai 1a it. Ca
nhan t6i nghi, Viét Nam can c6 cai cach manh mé trong
giao duc. Truong dai hoc nén c6 dugc nhiéu quyén tu chu
hon, bao gdm ca viéc bd nhiém va tra luong gido su.
Chung ta can phai tao ra dugc sy canh tranh giita cac
truong dai hoc, khong co canh tranh thi khong thé phat
trién duoc. Néu truong DH Tén Dirc Thing co du co s&
vat chét dé nghién ctru, da tién dé tra cho nhitng nha khoa
hoc tai ba thi tai sao lai khong cho phép dé ho quyén
phong gido su, tir d6 tao nén mot phong trao d6i méi
trong gido duc. Su thay doi nay c6 mang lai két qua gi
khong thi chua biét, nhung it nhit n6 tao co hoi cho cac
truong dai hoc canh tranh véi nhau.

VJS: Mét sé ¥ kién phén bién lai cho ring, truong
DH Tén Pirc Thing lam nhw vy la dinh trdo khdi
niém, vi ¢ Viét Nam, chirc danh gido sw la mot chirc
danh cao quy, phdi qua quy trinh sang loc nghiém ngdt
ciia héi dong chivc danh nha nwéc. Thay cé cho rang tiv
vigc lam ciia trwong DH Tén Dire Thing cé thé din dén
cdc noi khac, dau dau ciing tw phong gido sw cho riéng
minh, din dén loan gido sw, khéng biét diu la thit, diu
la gia?

GS. TS. Truong Nguyén Thanh: Bao gio cling vy
thoi, khi da chdp nhan thay d6i thi ban dau s& ludn ludn
¢4 nhiéu x40 tron. Ban ¢o thé hiéu duoc nhiing xdo tron
trong x3 hoi cling nhu gido duc khi Viét Nam d6i tir chir
Noém qua chit Quéc ngit! Quyén tuw chi cho PH chi 1a
mot thay d6i nho. Toi ddng ¥ 1a bdy gio néu cho cac
truong quyén phong gido su thi sé dan dén nhiéu thay déi
va viée loan gido su c¢6 thé xay ra. Nhung chiing ta cin
xéc dinh lai: Vi tri Gido su 1a dé lam gi? Vai tro cia gido
su 1a dé giang day va nghién ctru. Diéu d6 c¢6 nghia la
gi4o su can phai gin lién v6i truong dai hoc hodc vién
nghién ctru. Néu gido su khong di day, hodc khong lam
nghién ctru thi khong c6 1y do gi lai tiép tuc mang chirc
danh gido su ca. Va ngoai ra, chirc danh gido su gén lién
v6i truong DH ma ho duoc cdp. O My, gido su & trudng
dai hoc cao déng cong ddng hoan toan khac véi gido su &
truong Havard. Diéu do s& hién rd trén ban 1y lich cia
mdi gido su. Toi timg hop tac nghién ctru véi mot sb
nhém & Thai Lan tir 1995. Hé thong gido duc ctia Thai
Lan luc 4y rat gidng Viét Nam bay gio. Vao nhirng nim
cudi ctia 1990°s Thai Lan bat ddu c6 nhimng thay d6i hé
thng gido duc cua ho tir viée cho thém quyén tu cha cho
PH. Gio day ho c6 7 truong PH trong danh sach QS
World University Top-200. Tai sao chung ta khong hoc
nhiing gi Thai Lan da lam.
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Do d6 quay lai vin dé chinh, ching ta nén dé cac
truong dai hoc, cong df‘)ng khoa hoc gia chuyén mon, va
ké ca cac sinh vién danh gia gido su. Chiing ta nén c6 can
dam dé co nhiing dot pha. Méc du viéc phong gido su s&
din dén hoén loan ban dau nhung rdi ciing s€ on dinh.
Khong thé dé sg hai ma khong dam lam viéc cAn phai lam
dé dan dén thay ddi nhan thic va mang lai mdt sy canh
tranh binh ding trong méi trudng hoc thuat. Khong chi
thé, 1am nhu vay ciing s& tao dong lyc cho nhitng ngudi
¢6 hoc ham gido su lic nao ciing phin déu va tich cuc
trong nghién clru va giang day.

VJS: Tuy nhién thwa thdy, ciing cé ¥ kién cho ring
dung la viéc tw phong gido sw ¢ cac tru’ang dai hoc la
gidng véi quy trinh & cdc nwéc tién tién nhw My hay
Canada. Mdc du viy, do déu la cdc trwong rit noi ting
Vi truyén théng lau doi. Do dé viéc phong gido sw &
Viét Nam, néu c6, nén bit dau véi nhiing truong dai
hoc lén nhw PH Quéc Gia, PH Bich Khoa, PH Suw
pham ... chir khong nén la 1 truong nho nhw truong
DPH Tén Pirc Thing?

GS. TS. Truong Nguyén Thanh: Nhan dinh 46 la
hoan toan sai lam. Hau nhu tat ca cac y tuong dot pha
trén thé gigi déu dén tir cac doanh nghiép khoi nghiép
(start-up) hodc tir mot vai ca nhan. O nhing tap doan Ién
nhu Microsoft hay Google, ho thuong di mua nhitng cong
ty start-ups c¢o6 y tudéng mdi va dét pha. Khi ho khoi
nghiép thi ho c6 rat nhidu dong luc dé dot pha vi néu
khong thi doanh nghiép cta ho tu khic chét yéu. Nhung
khi dd truong thanh, 16n manh roi thi cac thé ché do
thuong mét di dong luc dot pha ban dau.

Truong PH Qubc Gia, PH Bach Khoa khong co
dong luc canh tranh vi ty ban than ho da 1a nhiing truong
dai hoc 16n va c6 danh tiéng réi. Nhing truong DH nho
va méi nhu PH Tén Pirc Thing hay PH Duy Tan can
nhitng ¥ tuong dot pha dé co thé canh tranh va ton tai.
Mic du c6 thé nhitng ¥ tuong d6 khong giéng véi cach
suy nghi binh thuong ¢ Viét Nam, nhung do méi la noi
c6 dong luc dé tao nén nhitng dot pha.

Tap chi Vietnam Journal of Science xin trin trong
cdm on thiy vi nhitng chia sé thing thin va chén thanh
vé tinh hinh khoa hoc, cong nghé va gido duc ¢ Vigt
Nam. VIS xin chiic thdy nhiéu sirc khée va moi diéu
thudn lgi trén con dwong nghién citu khoa hoc cia
thay.
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Phat hién nhém hoat chit cé tinh khang vi khuén tu ciu vang

Hoa Phan

Nghién citu sinh Dai hoc Michigan, Bang Michigan, Hoa Ky

Staphylococcus aureus (S. aureus — vi khudn tu ciu
vang/ tu cu khuan) 1 mot chung vi khuan thuong gap
trén da hodc niém mac mili cia 30% nhiing nguoi khoe
manh. Trong trudng hop nay, vi khuan thuong khong
gdy hai va biéu hién triéu ching. Tuy nhién, khi da bi
ton thuong, trﬁy xudce, tu cau khuin xam nhdp co thé va
6 thé gay ra mot loat cac van dé tr ndi mun nhe dén
nhiém khuin nang, ddc biét 1a ¢ tré em, nguoi gia, va
nhirng ngudi c6 hé mién dich yéu.

Hinh 1: Vi khudn tu cd‘u‘vdng Staphyloccocus aureus (chup bang
kinh hién vi dién tir). Nguon: Wikipedia

Hau hét cic ching tu cau ban dau nhay cam véi
khang sinh nhém beta-lactam nhu penicillin, methicillin.
Tuy nhién, song hanh cung v6i viéc sir dung khang sinh
1a sy phat trién cac ching vi khudn dé khang khang sinh
dudi ap luc chon loc tur nhién. Viée str dung tran lan va
lam dung cac loai thudc khang sinh, nhét 13 & cac nude
dang phat trién nhu Viét Nam cang déy nhanh téc do
chon loc va xuét hién cua cac chung khang thudc. Tinh
trang kiém soat nhidém trung chua dat tiéu chudn, diéu
kién v€ sinh va cac phuong phap xu ly thuc pham khong
phu hop cang tao diéu kién phat tan cac chung vi khuén
dé khang nay. Hién nay, cac ching dé khang methicillin
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(goi tat la MRSA), mét khang sinh duoc coi 1a manh nhat
trong nhom beta-lactam da phat trien mot cach dang lo
ngai, nhat 1a trong cac truong hop nhiém trung tai bénh
vién.

Hinh 2: Biéu hién viém da do nhiém tring MRSA: mgt ving sung do
nho, thiuong c6 mii. Ving nay ¢é biéu hién do, dau, sung va am néng
khi s vao, cé thé chay dich. Nguon: www.webmd.com.

Bénh nhan trong phan 16n cac trudng hop nhiém
truing MRSA nghiém trong dugc diéu tri voi phac do két
hop hai hodc nhiéu loai khang sinh van ¢6 hiéu qua chong
MRSA  nhu  vancomycin, linezolid, rifampin,
sulfamethoxazole — trimethoprim. Tuy nhién, phac d6
diéu tri thuong kéo dai tir 7-10 ngay tai nha hodc nhép
vién. Trong truong hop ndng, khang sinh sé dugc tiém
tryc tiép vao tinh mach. Vi phac d6 dai nhu vay, nguoi
bénh hoic than nhan c6 thé quén mét lidu thudc, tao didu
kién cho vi khuén phat trién tinh dé khang méi. Vi vay,
viéc nghién ctru va phat trién cac khang sinh méi 1a rét
can thiét.
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Hinh 3: Céu triic nhém hoat chdt (M: kim logi, R: cdc nhom thé).
Nguon: Karpin et al., 2015 (Med. Chem. Comm.)

Vua qua, cac nha nghién ctru hod dugc tai Dai hoc
K¥ thuat Virginia d¢i khiam pha ra mot nhom hoat chét
moi ¢6 kha nang ti€u diét MRSA. Nghién ciru nay vua
duoc cong bd trén tap chi Hod dugc hoc (Medicinal
Chemistry Communications). Ciu tric nhom hoat chat
nay bao ham mat phén la cac kim loai nhu iridium hodc
cobalt c6 hoat tinh khang S. aureus va MRSA rat manbh:
MIC = 4 pg/mL, MBC = 8 pg/mL va tiéu diét 99 % vi
khuan S. aureus trong vong 6 gio. (MIC: Minimum
inhibition concentration — nong d¢ trc ché t01 thiéu, MBC:
Minimum bactericidal concentration — nong do tiéu diét
t6i thiéu) Bén canh dé, két qua nghién ctru cho thdy cac
hoat chat nay khong gay doc cho té bao, khong géy tan
huyét ma thé hién tinh chon loc déi véi vi khudn. Hién
tai, nhdm nghién cuu dang tim hiéu thém co ché hoat
dong cua nhoém hoat chit ndy va tién hanh thr nghiém
trén chudt cling nhu trén té bao nguoi.
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Cic hop chit gy roi loan tuyén noi tiét trong mdi truwong
Ky 1: Ngudn goc va nhirng anh hwéng ciia cac chit gy roi loan tuyén

noi tiet dén moi trwromg va con nguoi

Hao Vo

Nghién citu sinh Dai hoc Arizona, Hoa Ky

Trong hai thap ky tro lai day, su hién dién cta
cac hop chét gay r6i loan tuyén ndi tiét, 201 tat 1a EDCs
(endocrine disrupting chemicals) trong moéi truong de
doa hé sinh thai va strc khoé con nguoi. Hop chit
EDCs c6 thé gay trc ché (hodc gy kich thich gia) dén
tuyét noi tiét, gay mat can béng hoat dong cua cac loai
hooc-mon (hormone), tr d6 gdy ra cac phan ung ti€u
cuc dén hoat dong binh thuong trong co thé. EDCs c¢6
thé tich ty trong co thé thong qua chudi thirc dn hodc
phoi nhidm tryc tiép vi du nhu udng nudc cé du lugng
EDCs.

Hinh 1: Co ché gay roi loan tuyén néi tiét cia cac hop
chat EDCs trong co thé nguoi va dong vat. A:
Hoocmon tyw nhién phan vmg véi chat tiep nhan
hoocmon trong té bao: B: EDCs gdy kich thich gia lén
té bao do co cau truc twong dong voi hoocmon trong
co the!

Déi voi dong vat, EDCs gop phan lam giam kha
nang sinh san va sirc d¢ khang ¢ hai cau doc bo bién Ban-
tich (Baltic) [2], c6 thé gdy rdi loan gidi tinh & cac dong
vat xuong séng nhu chim, bo sat, ¢4, va cac loai ludng cu
vGi ndng do rat thap tir khoang tir pg/L* dén ng/L* [3].
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O nam giéi, EDCs 1a mdt trong nhiing nguyén nhan
lam giam luong tinh trung, di tét an tinh hoan, phat trién
ctia cac khdi u ung thu tinh hoan va ung thu tuyén tién
liét [4]. Di voi nit, EDCs duge xem 1 nguy co tiém an
lam phat trién cac khéi u ung thu va, ung thu niém mac
tu cung, va di tat ¢ thai nhi [5].

Céc hop chat EDCs duoc thai ra moi trudng tir nude
thai sinh hoat, nudc thai cong nghiép va nudc thai y té &
hai dang khac nhau: cac hop chét ngi tiét tu nhién dugc
bai tiét tir co thé nguoi, dong vat, va tu hé thuc vat; cac
hop chat tong hop 1a san phdm phu phét sinh tir cic qua
trinh san xuét nhua, duoc phém, my phém, thudc bao vé
thuc vat, cac san phdm tay rira, hoa chat [7].

Hinh 2: Anh huong cdc chat gdy roi loan tuyén ndi
tiét lén gidi tinh ca. A: Cd due; B: Cd dwe mang nhiéu
tinh trang cua cd cdi do bj nhiém EDCs; C: Cd cdi.
(Anh: Adam Schwindt)

Du lugng EDCs duoc tim thdy trong cac mau nudc
thai sau hé théng xir Iy nudc thai (XLNT) truyén thong
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[8], mau bun thai, vd miu dat nong nghiép & cac trang
trai, noi ma chét thai cta dong vat, bun thai dugc su dung
lam phan bon hiru co [9]. Diéu nay cho thidy, XLNT
bang cong nghé truyén thong bao gdm ba budc co ban: co
hoc, sinh hoc va khtr tring chua mang lai hiéu qua loai bd
EDCs.

Tai Viét Nam, viéc dau tu xay dung hé théng XLNT
sinh hoat, cong nghiép va y té con kha han ché va chu
yéu sir dung cong nghé truyén thdng nén hiéu suat xu Iy
EDCs rat thép [10]. Piéu nay dan dén du luong EDCs
kha cao trong mot sb miu nudc thai, nude séng va mau
trAm tich tai khu vuc ha luu séng Sai Gon va Déng Nai
[11]. Qué trinh phén tich cac hop chat EDCs can nhiéu
thoi gian cling nhu thiét bi hién dai, phurc tap va chi phi
cao. Vi vay viéc nghién ctru phat hién va xt ly cac hop
chét nay ¢ Viét Nam dang ddi mat voi nhiéu kho khan va
thach thirc. Moi ban dén xem ky II trong sé tiép theo ctia
Vietnam Journal of Science véi chu dé: Tong hop mot sb
phuong phap xtr Iy cac hop chit gay réi loan tuyén noi
tiét co trong nude thai, bun thai dang phd bién & cac qubc
gia phat trién.

Chu thich: *pg/L: picogram/Liter; 1 pg/L = 10~ ng/L
=10"mg/L
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Phat hién protein chira lanh ton thwong ciia co tim

Van-Anh Bui

Nghién cieu vién Phong Thi nghiém Nghién cieu va Ung dung Té bao Goc, PH Khoa hoc Tw nhién, TP. HCM

Bénh tim mach 1a bénh c6 ti 1€ tir vong cao
nhét trén toan thé gidi, cao hon ca bénh ung thu. Theo
thong ké cia To chirc Y t& Thé gisi (World Health
Organization WHO), mdi nim c6 khoang 17,5 triéu
nguoi tir vong do bénh tim mach, chiém 31 % tong cac
truong hop tir vong trén toan thé gisi. Trong do, bénh
mach vanh chiém ti 1& cao nhat voi 45 %. Theo udc
doan cia AHA (American Heart Association Hiép hoi
tim mach MYJ), to nam 2013 dén nam 2030, ti 1€ cac
bénh mach vanh sé tiép tuc ting khoang 18 %. Riéng &
Viét Nam, cac bénh tim mach mdi nim gay ra hang
ngan cai chét va theo du bao cua hoi Tim mach Viét
Nam, dén nam 2017, ¢6 1/5 dan $6 Viét Nam mic céc
bénh vé tim mach. Hién nay dd c6 nhiéu liéu phép ra
doi trong viéc chita tri tim mach, trong do6 li¢u phap té
bao mang lai nhidu hy vong véi cic wu thé nhu khong
xam lan (so v6i phuong phap phiu thuat), an toan, cung
cép ngudn té bao thay thé nhirng té bao co tim di chét
gitip khoi phuc ving mé bi tén thwong.

Hinh 1: Tim bi ton thiwong do tic nghén mach vanh (2)

Mb co tim ngudi duoc biét 1a co kha ning tai tao rat
thip sau tén thuong. Trong sudt cudc doi mot ngudi, chi
c6 khoang 45 % té bao co tim duoc tai tao, 55 % con lai
1a nhitng té bao co tim duy tri tir lac méi hinh thanh cho
dén chét (1). Ty 18 tai tao té bao d6 khong du dé stra chira
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md co tim sau nhdi mau hodc dot quy. Ma thay vao do, &
nhitng vi tri t6n thuong té bao co tim chét di dé lai
khoang trong, nguyén bao soi ting sinh tao thanh mé seo
(khéng c6 kha ning co bop) dé lap ddy, lam giam kha
nang bom mau cua tim. Do d6, nhiing li¢u phap sinh hoc
tai tao phai tip trung vao viéc tim ra ngudn té bao ngoai
sinh hoac tu than c6 kha nang chira tri va 1am lanh mé co
tim. Hién nay, cac nghién cuu tap trung chu yéu vao viéc
sir dung té bao co tim chua truéng thanh thu nhan tir té
bao gdc ngudi cho viée chita tri bénh tim. Tuy nhién,
trong mot cong trinh méi day trén tap chi Nature, Wei va
cong su da trinh bay mot hudng tiép can méi do 1a s
dung protein follistatin-like 1 (Fstll) hi¢n dién & thugng
tam vi (I6p mang ngoai cung cua tim, con dugc goi la
ngoai tdm mac) trong trai tim khoe manh thay cho viéc sir
dung té bao nhu cac nghién ciru hién nay.

Hinh 2: Cau triic phia ngodi ciia tim gom I6p mdng bao tim, dich va
mang ngoai tim (3)

Fstll duoc biét dén nhu mot protein dinh huéng
(modulator) qué trinh phat trién tim va d4u hiéu nhan biét
cho bénh thiéu mau co tim, cao huyét ap, va giai doan
cubi cua suy tim. Protein Fstll ¢6 nhiu vai tro, va mot
vai chirc ning trong sd nay c6 vé nhu ddi 1ap nhau. Diéu
dang chu y 1a sy hi¢n dién cua Fstll trong tim thuong di
kém véi viée giam kich thude ving nhoi méu va phuc hoi
chirc ning tim, diéu nay dugc cho la do n6 di thuc day su
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hinh thanh mach méau va ting cuong kha ning song ctia té
bao chtr khong phai 1a hinh thanh t€ bao co tim moi.

Hinh 3: Manh va chira protein dwoc dinh lén tim (3)

Wei va cong sy dd cung cip mot cai nhin méi va sau
sdc dbi véi chuc nang sinh hoc cua protein Fstll. Diém
dang chi y cua nghién ciru nay 1a tai thiét lap sy biéu
hién cua Fstll & mang ngoai tim c¢6 thé gitp mo co tim
dugc tai sinh sau tén thuong. Ho gia thiét ring sir dung
mot manh va (a patch) tiét Fstll ngoai tim mac dat lén
ving md co tim nhoi mau giup cung cép Fstll va kich
thich sy tang sinh ciia quan thé té bao co tim & day. Dé
kiém tra gia thiét nay, ho dinh manh collagen c6 Fstll
ngoai tAm mac 1én mo co tim chugt da dugc cam ung
nhdi mau. Bén tuin sau, tim chudt di co nhirng cai thién
13 rét vé ca cdu trac va chirc ning tim. Pong thdi, md seo
it duoc hinh thanh hon va sy hinh thanh mach mau tang
1én trong ving m6 duoc ghép. Nhing phat hién nay cho
thdy thay vi phai cdy ghép té bao thi chi can su dung
ménh va mang protein Fstll dé kiém soat su séng cua té
bao co tim hién c6 va thuc déy tai tao mo co.

Mic du can phai tién hanh thém nhimng nghién ctru
trén dong vat 1on dé co thé khéng dinh chic chin tac
dong cua liéu phap nay, nhung day 1a mot nghién ciru
cung cap mot hudng tlep can day hira hen trong viéc chita
tri nho1 mau co tim. Dong thoi, nd ciing goi mé nhiéu cau
hoi rat sdu vé co ché hoat dong va chirc ning cta protein
Fstll dé cac nghién ctru trong tuong lai giai quyét va som
g dung protein nay trong thyc tién 1am sang.
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CAREER

Mang x4 héi: cong cu méi danh cho nha khoa hoc thé ky 21

Huong Ha

Nghién ciru sinh Dai hoc Stanford, California, Hoa Ky

Trong bai viét nay, tic gia s& 1y giai loi ich cua viéc ding mang xa hoi, cac trang mang phé bién ciing nhu tom tit

mot s0 dicu can luu y khi dung cac cong cu nay.

Vi sao phai diing mang xa h¢i?

Trong nhitng thé ki trudc, néi dén nha khoa hoc 1a noi
dén nhitng nguoi mic 4o tring ngdi trong phong thi
nghiém cdm cui nghién ciru mdt minh. Piéu nay cling
duoc thé hién qua viéc cac bai bao khoa hoc vao thoi do
thudong chi c6 mot tac gida dung tén. Ngay cd cac cong
trinh nghién ctru ¢6 tAm anh huéng 16n véi nhan loai nhu
thuyét twong d6i hay phat hién vé cac nguyén t6 phong xa
cling thuong 1a thanh qua cua mot ca nhan.

Tir nhitg nam 1920 d6 lai, cac van dé khoa hoc cong
ngh¢ ngay cang tro nén hoc bua va phic tap. Nhitng du
an nghién ctru va bai toan kho cia thé ky thuong yéu cau
nhiéu chuyén gia & cac linh vuc khac nhau cting hop tac.
S6 luong tac gia dong gop vao mdi cong trinh ciing ngdy
cang nhiéu. Dién hinh nhéit 1a trong cac linh vuc vat 1y
luong tir, gidi ma gene hodc cac thir nghiém lam sang lién
qudc gia, sb luong tac gia dong gop vao mdi cong trinh

¢6 thé 1én t6i hang trim hay hang ngan. Mot bai bao xuét
ban trén tap chi Physical Review Letters (thang 5, 2015)
lap ky luc voi hon 5000 tac gia. Cau hoi dat ra la, lam
thé nao nhitng nha khoa hoc nay biét dén nhau va tré
thanh cpng sw trong cdc dw dn siéu Ilon nay?
Trude day, cach tot nhat va phd bién nhat dé lam viéc nay
la tham du nhitng hoi thao 16n, gap g& va tro chuyén voi
cac chuyén gia ngay tai do. V6i sy bung nd ciia mang
internet, ngay cang c6 nhiu twong tic gitta ngudi véi
nguoi dugc thuce hién trén mang thay vi gdp mat truc tiép.
Ciing nhu nhiéu nganh nghé khac, mot cudc ddi thoai
ngén 5 - 10 phat c6 thé gitp ban 1am quen thém dugc véi
mot dbi tac tiém niang cho cong trinh nghién ciru méi cua
minh. Trong céc thap nién trudc, nha khoa hoc chua cé
mot trang mang xa hoi cho riéng ho. Thay vao do, ho su
dung céc trang nhu Yahoo360, Facebook hay Twitter dé
trao doi thong tin voi nhau, dong thoi gitp cho cong
ching hiéu thém vé khoa hoc. Nhung céc trang mang nay

CLASSICS

Rays Emitted by Compounds of
Uranium and of Thorium

Marie Sklodowska Curie (1867-1934)

Hinh 1. Trdi: Chan dung Marie Curie - nguoi phu nit duy nhdt nhin dwoc hai giai Nobel, gidi thuéng danh
gid nhdt danh cho cdc nha khoa hoc (© Susan Marie Frontczak). Phai: Kham phd ciia Marie Curie vé tia
phong xa phat ra tiwr Uranium va Thorium dwoc dang lai trén tap chi Resonance (2011) chi co mot tac gia

dirng tén.
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Hinh 2. Mét nha khoa hoc nguwoi Brazil ding tin tim kiém cong suw trén ResearchGate dé cing nghién

ctru vé tac dung cua bién doi khi hdu lén loai ong.

thuong chira qua nhiéu cac thong tin thugc nhidu chi dé
khac va d6i khi khién cho thong tin vé khoa hoc bi chim
khuat. Vao khoang 10 nam trd lai ddy, cic trang mang xa
hoi danh riéng cho khoa hoc gia bit du hinh thanh va tr&
nén phd bién.

Theo mot khao sat moi day cua tap chi Nature, ngay
cang c6 nhiéu nha khoa hoc str dung cac trang ndy va cho
rang chiing gitip ho dugc nhidu ngudi trong cung linh vuc
biét toi, va hd tro ho két ndi véi cac chuyén gia khac ¢
nhiéu chuyén nganh hay nhiéu qudc gia khac nhau. Bén
dudi 1a vi du vé 6 trang mang xa hoi phd bién nhat cho
nha khoa hoc. Luu v 1a tt ca cac trang nay déu mién phi.

Cic trang mang xa hdi pho bién
1. ResearchGate

https://www.researchgate.net/home

Day la trang mang phd bién nhét hién nay trong gidi
khoa hoc gia trén toan thé giéi. Muc tiéu cia
ResearchGate 14 két ndi cac nha nghién ciru va thuc day
qué trinh trao d6i két qua, kién thirc va kinh nghiém giita
ho véi nhau. Sir dung trang nay, ban ¢6 thé tao "so yéu 1y
lich khoa hoc" cho ban than, tim kiém cac cong viéc phu
hop voi k¥ ning, két ndi va giir lién lac véi cac dong
nghiép hay céc khoa hoc gia cing linh vuc hodc yéu cau
bai bao tir tac gia. Mot cong cu rat hitu ich cia
ResearchGate 1a muc "Hoi dap", cho phép ban dat cau hoi
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vé mot van dé khiic mic trong qua trinh nghién ciru. Ban
than tic gia bai viét nay ciing da nhan dwoc nhiéu hd trg
vé mat ky thuat khoa hoc khi dung ResearchGate. Bén
canh do ResearchGate con cé chic nang tim kiém viéc
lam thuan tién.

2. Linkedin
https://www.linkedin.com/

Tuy khong danh riéng cho nha khoa hoc, nguoi dung
Linkedin c6 thé tao va tham gia vao cac nhom nho c6 ndi
dung va mbi quan tim tap trung hon, ching han nhu hiép
hoi cta nhitng nguoi nghién ciru cung nganh véi ban.
Mot s6 nha tuyén dung ciing thuong sir dung Linkedin dé
tim hiéu vé ban vi hd so trén Linkedin thuong chira nhiéu
thong tin va d& theo dai hon mot ban so yéu ly lich thong
thuong. Ban co thé tao mot trang hd so voi dinh dang linh
hoat, tuy chinh theo nhiing k¥ nang ctia minh, thém vao
duong dan t6i cac truong dai hoc hay du an ma ban tham
gia hodc trich dan céc bai bao ma ban tung xuét ban. Duva
trén cac thong tin nay, linkedin ding cac thuat toan dé goi
¥ cho ban nhimg ngudi c6 diém chung hodc cac cong viée
phii hop véi ho so ciia ban.

3. Academia.edu

https://www.academia.edu/
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Hinh 3. Mot trong nhitng hiép hgi chuyén vé khoa hoc va cong nghé trén LinkedIn.

Y tuéng ciia Academia.edu xoay quanh trao luu méi
vé open-access, nghia 1a cac bai bao, cac cong trinh khoa
hoc mién phi cho moi ddi tugng doc gia. Trang web nay
cho phép cic tac gia chia sé nhitng bai bao ma ho xut
ban voi tat ca nhimg thanh vién khac. Thong ké cta
Academia.edu cho thdy luong trich din cua cic nghién
clru tang 1én rat nhiéu 1an khi dwoc chia sé & day. Lan
trich dn (citation - sb bai bao trich lai cac két qua trong
mdt cong trinh khoa hoc) 12 mot chi s6 quan trong dung
dé danh gia muc do 1am viée hiéu qua cua cac nha nghién
ciru, vi vdy khi c6 kha nhidu nguoi tham gia
Academia.edu don thuan vi myc dich nay. Mac du khong
phd bién bang ResearchGate, Academia.edu hién nay co
t61 21 tri¢u thanh vién dang ky.

4. Mendeley

https://www.mendeley.com/

Ngoai cac tinh ning phd bién nhu luu trit bai bio va
thong tin vé tac gia, Mendeley con cho phép nguoi st
dung chia sé quyén quan 1y ngudn tai liéu tham khao
chung dé c6 thé hop tac dé dang khi ciing viét mot bai
bao hay dé an xin ngén quy. Ngoai ra, cong cu quan 1y
tai liéu tham khao Mendeley dugc phat hanh mién phi va
dang duogc st dung rong rai.

5. ResearchID

http://www.researcherid.com/Home.action
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Khi tham gia vao researchlD, cac thanh vién s€ dugc
cép cho mot mi sb mang tinh duy nhat. Ma s6 nay gitp
cho cac nha nghién ctru quan 1y cac bai bao ma ho xuat
ban, theo ddi luong trich dan, tim kiém cac cong sy tiém
ning va tranh bi nham 1in véi nhitng ngudi ¢ cung tén
hay ho. Hién nay (09/2015), 563 Viét Nam dang tham gia
su dung trén trang web nay.

6. Epernicus | Network

https://www.epernicus.com/network

Gan gidng nhu ResearchGate, trang web nay cho phép
céc nha khoa hoc két ndi véi nhimg nguoi cing linh vuc
hay cling co quan nghién ciru, tim kiém cac cong cu, vét
li¢u hay chuyén mén can thiét cho dy an cta ho tir chinh
mang ludi nay.

7. Twitter

https://twitter.com/?lang=en
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Hinh 4. Trong mét trao doi hdi huée trén Twitter, Neil Tyson viét “Vi sao khi nit hoang

Elizabeth ké vi vua George vao nam 1952, vieong quoc Anh khéng dwoc doi tén thanh

vieong quoc...Chi?”’

Bét ké su ra doi cua cac trang mang xa hoi khac danh cho
khoa hoc gia, Twitter van 1a mot cong cu kha tdt dé trao
dbi thong tin. C6 kha nhiéu nha nghién ctru ndi tiéng
tham gia Twitter. Dién hinh nhat 12 nha vét Iy- thién vin
hoc Neil deGrasse Tyson. Ong tham gia nhiéu chuong
trinh truyén hinh vé& khoa hoc & My§, duoc vi von nhu
minh tinh trong gidi khoa hoc. Hi¢n nay 6ng co6 hon 2
triéu nguoi theo doi (follower). Cac khoa hoc gia dung
Twitter dé dua cac tin ngén vé nhiing bai béo, cong trinh
nghién citu mdi, cac 101 khuyén danh cho sinh vién...
Mot ) nganh hoc nhu Sinh hoc téng hop hoac Ky thuat
gene c6 kha nhiéu thanh vién tham gia Twitter. Chi can
ddi theo cac chuyén gia dau nganh hodc cac tap chi khoa
hoc 14 ban c6 thé duoc cap nhat thong tin can thiét ma
khong can quéa nhiéu nd lyc.

Lam thé nao dé sir dung cac trang mang xi hdi nay

mjt cach hiéu qua?

1. Lwa chon ky cang trang mgng phit hgp nhit véi
nhu ciu va so thich ciia bgn
Lua chon trang mang phu hop dé tham gia kha quan
trong. Néu ban muén tim noi dé két ndi véi cac nha
khoa hoc khéc, bat ky trang nao néi trén ciing dap
mg duoc nhu cau nay. Néu ban chi mubn c6 ngudi
gitip d& va tu vn vé nhiing truc tric k¥ thuat hay cac
kién thic khoa hoc, ResearchGate 13 noi phu hop
nhat cho ban. Con v&i Academia.edu, ban s& d& dang
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tai dwoc nhidu bai bio ma khong can tra phi cho cac
tap chi, va ciing c6 thé lam ting luong trich dan cho
cong trinh cua minh.

2. DPiu tw xiy dung so yéu Iy lich khoa hoc trén trang
magng ma ban lya chon
Nh¢ ghi rd thong tin vé qua trinh hoc tap va cong tac,
cha dé nghién ciru ma ban dang theo dudi, cac cong
trinh nghién ctru va chuyén moén cua ban, nhiing co
hoi ma ban dang tim kiém. Quan trong nhét 1a phai
viét cac thong tin nay bang ngén ngit dé hiéu dé cong
chuing, cac nha bao hoac nhiing nguoi lam ¢ linh vuc
khéc déu co thé tiép can dugc. Tranh st dung cac tur
mang tinh chuyén nganh qua sau, chu thich ro6 rang
thuat ngit trong bai viét. Hoan chinh tit ca cac diém
trong hd so va nhé sir dung mot tim hinh chan dung
nhin that chuyén nghiép. Va nhé 13 cap nhat hd so
nay that thuong xuyén!

3. Hay bit tay xiy dung mang lwdi cac cong sw tiem
nang ngay tir bdy gio!
Keét noi mét cach co chon loc voi nhitng nguoi ban
biét ngoai doi hodc biét dén théng qua mot nguoi
khéc, voi nhitng ngudi co cling mdi quan tim vé
khoa hoc cong nghé, hoac c6 cac chuyén mon, ky
nang ma ban can. Néu nhu ban cam théy bat dau
nhan dugc cac thong tin khong thuc sy dang quan
tam hodc khong lién quan thi c6 thé ngimg theo doi
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ho hoidc tim cach td chuc, sép xép lai cac mbi quan
hé trén mang nay.

Nén nho, b ngudi ma ban két ndi khong quan trong
bang do bén chat cua timg mbi lién hé.

4. Luu y cdach thicc va ni dung trong giao tiép

Ciing nhu trong cac moi quan hé ngoai doi thuc,
ban can phai tich cuc trao doi thong tin va tham gia
cac cudc thao luan dé moi nguoi biét dén va hiéu hon
vé ban. Piéu can luu ¥ 1a mdi trang mang xa hoi, mdi
nhém nho, mdi chu dé thudng c6 “vin hoa giao tiép”
riéng. Khi tham gia vao cac cudc ddi thoai nay, ban
can phai hét sic dé ¥ cach thirc ma moi nguoi trao
dbi thong tin v6i nhau dé c6 thé hoa nhap d& dang
hon. Pac biét voi ResearchGate, khi ban dat cac cau
hoi, nén nhé luon cung cp di cac thong tin can thiét
dé nguoi doc hiéu dugc ban dang lam thi nghiém gi,
da thu cac cach nao, va két qua hién tai cho théy diéu
gi, ban mudn dugc gitp d& trong khia canh nao cia
van dé cu thé nao. Ngbn ngit cang ngin gon, d& hiéu
thi kha nidng ban nhan dugc cau tra 10i chinh xac
cang cao. Va dung quén gui 161 cdm on cling nhu
phan hi lai cac y kién cua nguoi khac. Hau hét cac
trang mang nay déu trao dbi tiéng Anh, vi vay néu
ban khong tu tin vao ngén ngit cua minh thi c6 thé
nhd ddng nghiép xem qua trudc khi dua thong tin
1én.

5. Thit chat cdc méi quan hé trén mang va mang
chiing vao doi thuc ) .
Khi ban tim dugc nhitng doi tac tiém nang cho dy an
nghién ctru hay y tudng thanh lap cong ty cong nghé
ctia minh, dimg ngan ngai tim cach gip va trao doi
v6i ho trong doi thyc. Néu ho & g?m thi ban c6 thé
moi gdp & mot quan ca phe, con néu ho & xa thi hay
tim cach di dy hdi thdo chung. Gap mat truc tiép van
1a cach tot nhat dé ban bién cic mbi lién két tuong
ddi long 1éo nay nhitng quan hé cong tac thuc su.

6. Lén ké hoach ro rang va qudn ly thoi gian hi¢u qua
Ciing nhu khi tham gia nhiéu trang mang xa hoi
khac, ban luon phai tuong tac va hoa minh vao cac
su kién dién ra trén trang mang ctia nha khoa hoc.
Néu khong cha ¥, hoat dong nay cé thé chiém rat
nhiéu thoi gian cua ban. Vi vay ban nén danh ra mot
khoang thoi gian nhat dinh trong tuan cho viéc nay.

Thong qua bai viét nay, hy vong ban hiéu thém duogc cac
lgi ich cua viéc dung mang xa hoi, cach thuc s dung dé
chung tré thanh cong cu bd tro ban nghién ctru khoa hoc
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va phat minh ra cong nghé¢, tmg dung méi. Mot diéu chwa
duogc khai thac sau trong bai viét nay, do 1a mang xa hoi
cling la phuong ti¢n hi¢u qua gitp nha khoa hoc phé bién
phat minh va kién thirc can thiét dén véi cong ching. Tap
chi Vietnam Journal of Science dang hudng toi viéc cung
cép cac thong tin khoa hoc cong nghé cho doc gia phd
thong véi trich dan rd rang va do chinh xac cao thong qua
website va facebook. Hy vong ban doc sé c6 dugc thém
mdt ngudn thong tin can thiét giup giai dap cac thic mic
thuong nhat lién quan t6i stc khoé, thién nhién, vu mua,
moi truong hay nhiéu chi dé khoa hoc cong nghé khac.

Moi doc gia giri cac phan hdi va trao dbi vé chu dé
nay truc tiép dén dia chi email [huongha@veffa.org].

TAI LIEU THAM KHAO

1. Online Social Networking for Scientists (Kendall Morgan)
http://blog.addgene.org/tips-tools-online-social-networking-for-

scientists

2. LinkedIn tips for scientists
http://blogs.nature.com/naturejobs/2012/12/20/linkedin-tips-for-
scientists
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