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Phong sinh hoc trong cong nghé mo va y hoc tai tao
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Tém tit: Phong sinh hoc 14 mot nganh khoa hoc cong nghé dang ngay cang dugc tmg dung rong
ri, tir san xuat cac thiét bi, @6 ding hang ngay cho dén cac linh vuc hién dai nhu robot, chip, cong
nghé nano. Trong linh vuc y duoc, phap phong sinh hoc ¢6 gia tri lon. Trong d6, mét hudng di cu
thé 1a ing dung phong sinh hoc trong cong nghé mo6 va y hoc tai tao dé dap g nhu cau trong didu
trj ciing nhu nghién ctru-phat trién. V6i nhimg thanh tuu da dat dugc ciing nhu nhiing trién vong
trong twong lai, phong sinh hoc htra hen s& 1a 10i giai cho cac bai toan di va dang ton tai cua linh

vuc y hoc.

Twe khoa: Phong sinh hoc, Cong nghé md, Y hoc tai tao.

Phong sinh hoc (Bionics/Biomimetics) 1a
nganh khoa hoc cong nghé chuyén nghién ctru
cac chtrc ning, dic diém va hién tuong... cia
sinh vat trong tu nhién va mo phong cac kha
nang dac biét do dé thiét ké, ché tao cac hé
thong ky thuat va cong nghé hién dai, hiru ich
nham cai tién hoat dong va dap g nhu ciu cua
con ngudi [1,2]. Dua trén cac cip do sinh hoc
cta sinh gi6i, c6 thé phan ra 3 mirc d6 phong
sinh hoc:

- Bit chudc phuong phap san xuét trong tu
nhién.

- Sao chép ciu triic tim thdy trong tu nhién,
st dung cac vat li¢u trong ty nhién.

- Nghién ciru cac nguyén téc t6 chuc tir cic
hanh vi xa héi cua sinh vat nhu: hanh vi séng,
hanh vi t6 chue, ... [2].

Phoéng sinh hoc dugc tng dung va thé hién
tinh hiéu qua cao trong hau hét cic hoat dong
khoa hoc cong nghé¢ y dugc, dac biét trong linh
vuc cong nghé md va y hoc tai tao. Trén thuc
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té, su tai tao cac co quan, bd phan cta co thé
trong sinh gidi 1a mot hién tuong rat Iy tha va
thu hit dugc rat nhidu sy quan tim cta cac nha
khoa hoc nham tmg dung cc kha ning d6 vao
cham so6c¢ stc khoe con nguoi. Trong y dugc
hoc, gan day, qua nghién ciru phong sinh hoc té
bao gbc va su biét hoa cua chung, nhiéu co ché
vé su tai tao mo da dugc phat hién ra, hita hen
nhiéu thanh tuu khac nhau s€ dugc ung dung
nhim tao ra nhiéu tién bo trong linh vyc té bao,
té bao gbc tri liéu va y hoc tai tao.

1. Phong sinh hoc trong cong nghé mo va y
hoc tai tao

1.1. Khdi quat vé cong nghé mé

Cong nghé mo (tissue engineering) la mot
nganh khoa hoc tuong déi moi mé, trong do cac
nha khoa hoc st dung té bao song, cac vat liéu
tuong hop sinh hoc va cac yéu t6 khac nhau dé
tao ra cac cAu truc tuong tu cac md, co quan voi
muc dich chu yéu 1a ciy ghép vao co thé ngudi,
nham thay thé nhirg bd phan hoic co quan di



2 B.S. Nhit va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Y Duwoc, Tap 33, 86 2 (2017) 1-6

hu héng, suy giam hodc mét chtrc ning sinh hoc
[6]. Cac md, co quan c6 thé dugc tai tao bao
gdm xuong, mach mau, da, gan, tuy...Cum tir
“y hoc tai tao” thuong duoc st dung song song
vOi “cong ngh¢ mo6”, mac du “y hoc tai tao”
thuong ngam chi viéc str dung té bao gdc lam
ngudn nguyén lidu ban dau dé biét hoa thanh
cac bg phén, co quan khac nhau cua co thé.

Hau hét cac phuong phap cua cong nghé
mo sir dung té bao sdng, vi thé can c6 ngudn té
bao du 16n, du tin ciy. Té bao thuong dugc 1dy
tr cac mo, co quan hién tang hoac tur té bao
gbc, trong do, ngudn té bao gdc duoc lya chon
nhiéu hon ca vi kha niang phan chia 16n ciing
nhu kha néng biét hoa da dang cua chung [7].

Chia khoa cua cong nghé mé nam ¢ moi
truong nudi cay dé te bao co the sdng va thé
hién chirc ning nhu t& bao md gdc. Trong qua
trinh nudi cdy, can co cac to chuc “khung”
(scaffold) lam gia d& cho t& bao phat trién, tao
thanh cac by phén nhu mong muén. Vai tro cua
khung rat quan trong, chiing c6 cac dic diém va
churc nang nhu [6]:

- Tao khung cho t& bao gin vao va phat
trién.

- Luu gitr va thé hién vai tro sinh hoc cua
cac tac nhan hoa sinh.

- Tlep xuc voi moi trudng qua hé thong 10
x6p dé khuéch tan chét dinh dudng nuéi cy té
bao va loai bo cac chit thai.

- Khung can ¢6 d6 cing chic va mém déo
phu hop tuong ty nhu cdc mé sinh hoc.

Nhiéu vat liéu d3 duoc lua chon dé lam
khung. Mot s6 vt liéu kim loai c6 dic tinh phu
hop dd duoc st dung dé cdy ghép vao co thé
ngudi (nhuoc diém 1a chung khong ¢6 kha ning
phan huy trong méi truong sinh hoc). Mot s6
vat li€u vo co khac nhu calcium phosphates hay
hydroxyapatite, tuy c6 kha nang tii tao mo
xuong nhung lai kho tao thanh cau tric c6 16
x6p phtt hop. Nhiéu loai vat liéu polymer duoc
lua chon str dung do chung cé vu diém 12 ¢6 thé
thay d6i, diéu chinh thanh phan va ciu truc theo
mong mudn [8]. Nhiéu khung c6 ban chét
phong ty nhién dang duoc Ung dung, thanh
phin 14 cac polymer sinh hoc, c6 trong cac ciu
tric co ban cua sinh hoc nhu: cic protein

(collagen, fibrin, gelatin), polysaccharide
(chitosan, alginate, glycosaminoglycans,
hyaluronic acid,...) [9].

Trong qua trinh nudi ciy, té bao sdng sé
phat trién trén bo khung dé tao ra céu trac
khong gian ba chiéu twong tu nhu cic md sinh
hoc that, ca vé hinh dang, ca vé cdu truc, dic
tinh vat 1i va chttc nang sinh hoc. Thoi gian
trudng thanh cua té bao phu thudc vao dac tinh
riéng cla loai t& bao, mic do nudi dudng va
tinh twong thich cua té bao v6i khung [9].

1.2. Ap dung nguyén Ii phong sinh hoc vao céng
nghé mo

Trong nghién ctru tai tao md, mdt cau triic
khung c6 ngudn gdc tir ty nhién chua chic 1a
mot khung li twéng cho cong nghé tai tao mo,
do qua trinh tao thanh mo6 nhan tao can tbc do
nhanh hon so véi1 su hi phuc ctia mo6 tu nhién;
ban than su phat trién cac té biao méi cua hai
qué trinh ciing khong hoan toan giéng nhau.
Ciing vi vdy ma viéc tai tao lai hoan toan giéng
ciu trac khung cua co thé sinh hoc (hodc dung
mot cAu tric ty nhién c6 sin) 1a khéng phu hop.
Mait khac, khi st dung cAu tric khung ty nhién
s& ¢6 nguy co thai ghép va truyén tic nhan gay
bénh khi cdy ghép [8]. Vi vdy, mét khung
phong sinh hoc 1i tuéng can duogc thiét ké nhan
tao nhim tai hién, md phong lai mot s6 dic
diém cua céu tric khung tu nhién nham hd trg
tdt cho su sinh truong, bam dinh, biét hoa va
hinh thanh mé méi cua céc té bao.

Mot sb dic tinh ctia md, co quan sinh hoc
duge xem xét va ap dung dé phong sinh hoc
bao gom:

- Tinh phan ra: Vat liéu lam khung phai c6
kha nang phan ra trong moi truong sinh hoc - 1i
tuong nhat 1a tc do phan ra bang véi toe do tao
thanh m6 mai. Mot sé vat lidu nhu PLA (poly
lactic acid), PGA (poly glycolic acid), PLGA
(poly lactic acid-co-glycolic acid) khong chi co
kha nang phan ra sinh hoc t6t ma con c6 tinh
twong hop sinh hoc cao v&i co thé con nguoi
[9]. M6t phuong phap phéng sinh hoc khac
nham mo phong dic tinh dé phén rd boi enzyme
dac hiéu (vi du nhu matrix metalloproteases) la
téng hop vt liéu polymer sinh hoc c6 cdu trac
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BAB (trong d6 A la PEG, B la chudi
oligopeptide ngin lam dich cho enzyme cit) tao
thanh mang luéi hydrogel lién két chéo [10].

- Tinh dan hdi (elastomer): Mot s mé, co
quan nhu co tim, van tim va mach mau c6 dac
tinh dan hoi ddc biét. Mot s vat lidu polymer
tong hop hién dang duoc sir dung dé dat duoc
mic d6 dan hdi ty nhién  gdm:
poly(e-cprolactone) (PCL) va polyurethanes
(PU). Tuy nhién, mot sd van dé con gip phai
bao gdm kha ning phan rd cham va doc tinh
cao. Mot Gmg dung cua phong sinh hoc 1a bit
chudc déc tinh cua elastin - mdt protein c6 tinh
dan hoi cao, c6 mit trong nhiéu mo cua co thé.
Elastin von dugc tong hop tir cac phan tir
tropoelastin (kh01 lugng khoang 70 kDa).
Tropoelastin ¢ cau trac lap lai, gom phan ki
nudc va phan uva nuéc lién két chéo xen k.
Phan tir nay c6 kha nang hinh thanh giot tu
(coacervate), tao ra cac thé khong tan khi nhiét
do tang [8]. Dan Urry da sir dung cong nghé tai
to hop dé tao ra chudi polypeptide nhan tao,
gom chudi lap lai Val-Pro-Gly-Xaa-Gly
(VPGXG) tir phan céu tric ki nudc cua
tropoeplastin [11].

- Téng hop apatite nhdn tao: Calcium
phosphate 13 thanh phan chu yéu trong xwong
va md cing cua ngudi; ban chat 1a apatite da
tinh thé kich ¢& nano. Apatit nhan tao dd thé
hién cac dic tinh tot: tinh tuong hop sinh hoc,
hoat tinh sinh hoc cao, khoéng dgc, khong gay
viém va phan ng mlen dich. Tuy vy, viéc ché
tao apatite nhan tao van con la mot thach thuc,
do nhiing dédc tinh riéng cua apatite sinh hoc
nhu lwong tap chét cao va bé mat xu xi [12].

- Tu sép xép (self-assembly): La dic tinh tu
tap hop clia cac hop chat thanh mot hinh dang
hodc ciu triic x4c dinh ma khong c6 su can
thiép cua con ngudi [13]. Mot ciu tric nhu vy
trong co thé nguoi 1a phospholipid, thanh ph?m
cau tao nén mang té bao - phan tir nay tu sap
xép thanh cac cau tric nhu micelle, cac cu truc
dang 6ng...0 trong méi trudng long. Fields,
Tirrell va cong sy di tong hop mot loai phan tir
peptide-amphiphile (PA) ciu tao tir mot chudi
protein  (Gly-Val-Lys-Gly-Asp-Lys-Gly-Asn-
Pro-Gly-Trp-Pro-Gly-Ala-Pro) gin v&i nhom

mono/di-alkyl ester lipid chudi dai nham tai tao
cAu triic xodn ba cua collagen [14]. Két qua cho
thay chu01 protein nhan tao nay lam tang dang
ké sy gan két cta té bao khi nudi cdy té bao ung
thu héc t6 [15]. Bén canh do, cac nha khoa hoc
cling di phat hién sy tu sip xép cua cic
dendrimer polyphenylene thanh cac sgi nano co6
d6 dai tinh bang micromet [16].

- Piéu chinh bé mit: Mot xu huéng trong
phat trién cac vat liéu sinh hoc 1a ung dung
phéng sinh hoc dé tao ra cac vat lidu c6 thé kich
thich cac dap tng dic hiéu cua té bao va diéu
khién duoc sy tao thanh t chirc méi thong qua
sy nhin dién cac phan tir sinh hoc [17]. Khac
v6i didu chinh khéi (ddng polymer hoa hoic
gin nhém chirc vao chudi polymer trudc khi
hinh thanh cau tric khung), diéu chinh bé mit
khéng anh huéng dang ké t6i ciu truc ciing nhu
dac tinh co hoc ctia khung [8]. Kokubo va cong
su dem céac vat liéu cdy ghép (implant) da dugc
xtr li v6i kiém ngdm vao trong méi trudng mo
phong dich co thé (simulated body fluid — moi
truong nay co ndéng do ion tuong duong voi
trong huyét trong nguoi), két qua thu duge mot
16p apatite twong ty xuong & trén bé mit
implant, gitip cho vat liéu ciy ghép c6 thé hoa
hop duoc véi cac ciu xwong tu nhién [18].

1.3. Céch tiép cin “tir dwdi lén” (bottom-up)

Coéng nghé mé dya trén viéc tao ra cAu tric
khung phi hop vé mit sinh hoc va nudi cay té
bao trén khung do, nhu trinh bay ¢ trén, la cach
tiép can “tir trén xudng” (top-down). Sinh giGi
thuong 1am nguoc lai, bang cach tong hop cac
ciu tric & kich ¢& nano theo phuong thirc
“bottom-up”, 1a cach thirc dya trén vi¢c tao ra
cac cu truc nhd, co ban trude khi tp hop
chung dé tao thanh mot c4u trac 16n hon [19].

Thuc té, nhuoc diém cua phuong thirc
“top-down” 1a khéng md phong lai toan bd ciu
truc phirc tap ciia mo. Nudi cdy 2D don thuan
thi twong ddi don gian, nhung nuéi céy trén cac
khung ba chiéu kho phirc tap hon nhiéu ca vé
mit kiém soat khong gian 1an thoi gian [20].
Béng phuong phap tiép can bottom-up, ngudi ta
mod phong dugc chirc nang ctuia nhitng co quan
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cd chu tric lap lai nhu gan mot cach tdt
hon [21].

Mot sd cach tiép can tao cdu tric co ban
bao gom: bao mang quanh t& bao, tao vi
hydrogel, tu tu tip té bao, in té bao truc tiép, ...
bic biét, phuong phap tao vi hydrogel dang tré
nén pho blen hon ca, vi hydrogel tao moi
trudong gan glong ciu triic nén té bao (ECM) va
cho phep kiém soat hinh dang cing nhu dac
diém cAu tao ctia cu triic co ban [19].

2. Thanh tyu trong cong nghé mo va y hoc
tai tao

Mot sb san phidm cua céng nghé mé trong
vong mot thap nién trd lai ddy da cho thay tiém
nang dua vao Ung dung trong lam sang,
bao gom:

- Yang D. Teng va cong su md phong cau
tric ctia doan xuong song lanh 1an bang cach sir
dung mét khung polymer (PLGA va PLL) chua
céc té bao gbc than kinh va m6 phong cau tric
chat xam — chat trang clia xuong song nguoi.
San phim ndy cho thiy kha niang phuc hdi chirc
nang dang ké trén chudt va co tiém ning trong
viéc phdi hop diéu tri chin thwong cot
song [22].

- Humacyte duoc phat trién tir viéc nuéi
cdy té bao co tron mach vanh c6 sn trén cu
trac khung dang dng c6 15 (1am tir PGA) rdi loai
bo té bao, tao ra mot san phém cd thé giam
nguy co thai ghép, nhiém bénh va sin sang dé
cdy ghép cho bénh nhan [23, 24].

- L - C Ligament, mét cdu tric khung dung
trong phuc hdi chén thwong day ching chéo
trude khop gbi, da duge dua vao thir nghiém
lam sang vao nam 2015 [25].

Bén canh d6, linh vuc cong nghé mo khong
chi tao ra san pham tng dung in vivo ma con
dung trong nghién ctru in vitro, cu thé 1a tao ra
cac mO hinh m6 va co quan phong sinh hoc.
Nhitng md va co quan nay thudng dugc ché tao
& ¢& nho, ching co dic diém thanh phan, cdu
trac sinh hoc, dic tinh sinh i gibng nhw co quan
that trong co thé, co thé ap dung trong nghién
ctu dap ung thudc, gidm yéu ciu can thi

nghi¢ém trén dong vat. Vi du nhu mé hinh
“organ-on-chip”, nudi ciy cac mé hinh phong
sinh hoc clia cac co quan trong co thé trén
miéng chip nhé, tao diéu kién cho md phong
mot co thé hoan chinh trong nghién ciru [25].

3. Trién vong ciia phéng sinh hoc trong cong
nghé mé va y hoc tai tao

Céc nguyén tic va chirc ning cta phong
sinh hoc, rat ra tir sinh giéi, co thé duoc dua
vao ung dung trong y dugc hoc nham phuc vu
cho lgi ich cliia con nguoi. Phong sinh hoc la
con duong thich hop nhét, gitp con ngudi co
thé thich nghi véi tinh trang suy giam tai
nguyén va 6 nhiém moéi truong hién nay bing
cach tré nén hoa hop véi thién nhién [1]. Ban
than linh vyc cong nghé moé va y hoc tai tao
cling dang phat trién nhanh, duoc biét toi rong
rai hon. Tuy vay, mot thach thic dat ra cho
nganh y hoc tai tao la viéc tmg dung cac mod
nhén tao con han ché, chu yéu la do khé khan
trong vi¢c dat dugc chirc nang sinh hoc nhu moé
that cling nhu twong hop tdt véi co thé; mot sb
kho khin khac nhu thiéu ngudn té bao gbc, kho
nang cao quy md san xuat. Bén canh dé, nghién
ctru phong sinh hoc kha nang tu tai tao mot $6
co quan cua mot $6 dong vat (dac biét la thin
lan) ciing dugc nghién ciru dé tim cach tng
dung, tuy nhién khé khan 16n nhét van 1a sy
khac biét vé& giéng loai. Khi dong vét cang tién
hoa thi cang kho tai phuc hdi co quan do co ché
kiém soat tinh van ning ciia té bao gdc phirc tap
hon nhiéu [25, 26].

4. Két luan

Phong sinh hoc 1a mdt hudng nghién ciu
phu hop véi thoi dai, dac biét la trong nganh
khoa hoc strc khoe, nhitng nganh ma ddi tuong
tac dong chu yéu chinh 13 co thé sinh hoc, co
thé con nguoi - cac bo may sinh hoc. Trong
tuong lai, phong sinh hoc hira hen s€ 14 101 giai
cho cac bai toan da va dang tdn tai cua linh vuc
khoa hoc strc khoe.
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Abstract: Biomimetics is a growing scientific field which is being more and more widely applied,
from industrial production of normal devices to more modern applications such as robotics, electronic
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