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Tom tat. Tiéu duong 1a mét can bénh man tinh, Xdy ra khi co thé khong tiét di ho6c mon insulin
hodac bi khdang insulin. Insulin dwoc tiét ra tir dao tuy. Pdo tuy bao gém 3 logi té bdo co ban: té bao o, té
bao B, va té bao &, ching lan ot tiét ra glucagon, insulin, va somatostatin. Sw sdp xép cua cac té bao
trong dao tuy 12 khac nhau giga céc lodi. O chugt, cac té bao £ nam ¢ nhan, cac té bao « va &nam phia
ngoai vé. Tuy nhién, ¢ lon va nguoi, cac té bao a va §khong chi nam ngoai vé ma con phan bé rai rac
trong dao tuy. Dyra vao két qud thirc nghiém vé vi tri cia cac té bdo, chiing t6i da tinh todn va thdy rang
twong tdc gitra cac té bao cung logi 16n hon twong tac giiva c&c té bao khéc logi. Ngoai ra, hodc mén tiét
ra tir té bao nay cé thé kich thich hogc gay ic ché viéc tiet ho6c mon cia cac té bao khac. Nhaing théng
tin ndy 1a rat can thiét cho viéc san xudt tuy nhan tao.
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1. MO PAU

Tiéu duong (dai thao dudng) 14 can bénh rat phd bién hién nay. Theo théng ké caa Hiép hoi
tiéu duong thé gigi (International Diabetes Pederation - IDF), dén cudi nam 2014, toan thé giéi c6
téng cong 387 triéu ngudi bi bénh tiéu duong (chiém ty 1¢ 8,3%), chua ké con mot s lugng 16n bénh
nhan chua dugc tham kham va phat hién. Dy kién téi ndm 2035, con sb nay Ién ti 592 triéu nguoi
(chiém ty 18 10%). Nhu vay, mdi nam trén thé gioi co thém gan 10 tridéu nguoi bi bénh tiéu duong

[1].
Bénh tiéu duong dugc chia lam 2 loai chinh:

- Tiéu duong loai 1: hé théng mién dich kim ham su tiét insulin cua dao tuy, vi thé trong co thé
hau nhu khong 6 insulin. Bénh ndy chu yéu xay ra tir khi con tré, dudi 20 tudi.

- Tiéu duong loai 2: lwong insulin tiét ra tir d4o tuy khong du hoic céc té bao trong co thé bi
khang insulin, do d6 co thé chi hap thu duoc mét luong dudng nho trong mau, dan téi nong do
duong glucose trong méu cao. Bénh nay chu yéu xdy ra ddi véi nguoi co do tudi tir 40 dén 60 tudi,
chiém 90% tong sé bénh nhan tiéu dudng. Tuy nhién, diéu dang bao dong la trong thoi gian gan day,
s6 lwong ngudi tré bi bénh nay ngay cang ting.

Ngudi bi bénh tiéu duong thuong c6 cac biéu hién nhu hay khat nude, di tiéu thuong xuyén,
mét moi, xudng can, khd miéng, ngtra khap co thé,.... Néu khong duoc chira tri kip thoi, bénh tiéu
duong c6 thé gay nén céc bién ching nguy hiém. N6 la nguyén nhan gay ra cac bénh vé mach méu
(bénh mach vanh, dot quy, bénh mach mau ngoai vi,...), ton thuong day than kinh ngoai bién, giam
thi luc (tham chi c¢d thé bi mu), suy than, loét muc, nhiém trung, liét duong,....

Bén canh cac yéu t6 khach quan nhu di truyén va sic toc, tiéu duong la hé qua cua 16i sdng
khong lanh manh nhu it van dong, dn nhiéu thire an nhanh chtra nhiéu dau ma, khong can di vé dinh



dudng. Ngoai ra, tinh trang ciang thang kéo dai (stress) ciing 1a mot nguyén nhan dian dén bénh tiéu
duong.

Dé didu tri bénh tiéu dudng, ngodi viéc dn udng hop Iy va tich cuc van dong, cac bénh nhan
tiéu duong loai 2 & giai doan nhe can udng thude dé kich thich tuy tiét thém insulin, bénh nhan tiéu
duong loai 2 giai doan nang va bénh nhan tiéu duong loai 1 phai dwoc b sung insulin hang ngay sau
mdi bita an bang céch tiém thu cdng [Hinh 1(a)] hoic sir dung may bom ty dong [Hinh 1(c)].

Hinh 1. Cac phuong phap bom insulin cho bénh nhan tiéu duong:

(a) bom theo phuong phap thu cong;

Trong nhitng nam gan ddy, cac nha khoa hoc trén thé gioi dang tap trung vao nghién ciru ché
tao tuy nhan tao c6 chic ning gidng véi tuy that, ¢6 thé ciy ghép vao co thé. Mat tin hiéu tich cyc 1a
vao cudi nam 2014 vira qua, nhém nghién ciru cua gido su Douglas A. Melton & Pai hoc Harvard da
san xut thanh cong té bao B (t& bao tuy tiét ra insulin) tir té bao gdc [2].

Trong bai viét nay, ching tdi giGi thiéu chi tiét cau trdc va chirc ning cua tuy va dao tuy & muc
2: luc lién két gitra cac té bao trong dao tuy duoc gigi thiéu ¢ muc 3; sy cong hudng va ac ché 1an
nhau trong qua trinh tiét hodc mén cia céc té bao trong dao tuy duoc trinh bay & muc 4. Pay la
nhitng co sé khoa hoc quan trong cho viéc ché tao tyy nhan tao.

2. TUY VA PAO TUY
2.1. CAutric

O nguoi, tuy c6 dang hoi thuon dai, nang khoang 50-200 gram, dai khoang 12-15 cm, nam sau
da day va sat thanh sau caa 6 bung [Hinh 2(a)]. Céc té bao trong tuy sap xép thanh ting cum goi la
dao tuy (Pancreatic Islet), hay con goi la dao Langerhans (Islet of Langerhans) (Hinh 2(b)]. Bao tuy
chira 3 loai té bao chu yéu: té bao o, té bao B va té bao 3, ching lan luot tiét ra cac hodc mén



glucagon, insulin va somatostatin. Trong d6 té bao o va P 1a co ban, sé lugng té bao & trong dao tuy
rat it. Tuy nguoi c6 khoang mot triéu dao tuy, mdi dao tuy c6 khoang vai trim dén vai ngan té bao
[Hinh 2(c)].

Qua trinh thuc nghiém duoc cac ddng nghiép ching toi tién hanh tai Trudong Pai hoc Chicago
(M%) va Dai hoc Meiji (Nhat Ban), voi muc dich phan loai va xac dinh toa do cua ting té bao trong
d4o tuy. Dit liéu thuc nghiém bao gém:

- Toa d6 ba chiéu cua cac té bao o va B (hai loai té bao chinh) & 30 dao tuy cua chudt, 30 dao
tuy cua lon, 60 d4o tuy cua hai ca thé nguoi.

- Toa @6 ba chiéu cua cac té bao o, B va 8 & 6 dao tuy cua mot ca thé nguoi.

Hinh 2. Tuy va dao tuy. (a) Vi tri cua tuy trong co thé nguoi; (b) cac té bao phan b
thanh tirng cum tao thanh d4o tuy; (c) sy phan bd cua céc loai té bao trong dao tuy, té
bao o (mau do), té bao B (mau xanh 14 cay), va té bao & (mau xanh lo).

Két qua thuc nghiém cho thay: Pao tuy ¢ cac loai khac nhau cé kich thudc twong duong nhau,
tuy nhién ty Ié cac loai té bao ciia chiing Ia khac nhau. O chudt, té bao B chiém ti 91% dén 94% tong
s6 té bao, trong khi d6 ty & trén o lon tir 78% dén 91%, va & ngudi 1a 62% dén 78% [3].

(a) chuot (b) lon (c) nguoi
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Ngoai ra, cdu trac dao tuy & cac loai khac nhau ciing khac nhau. Do tyy cia chudt co cau tric
vo-nhan (shell-core structure), & d6 cac té bao B tap trung & nhan, bao quanh boi cac té bao o va &
[Hinh 3(a)]. Trong khi d6, d4o tuy cua lon va ciia ngudi c6 cau trdc tron 1an khong hoan toan (partial
mixing structrure), & d6 cac t& bao a va & khéng chi phan b ngoai vo ma con phan bé rai rac trong
nhan [Hinh 3(b) va Hinh 3(c)]. Cac két qua nay phu hop véi nhitng cong b trude day [4-7].

2.2. Chire niing

P40 tuy déng vai trd quan trong trong viéc on dinh néng do duong glucose trong mau. Khi
ndng do duong trong mau cao (chiang han sau bira 4n), té bao B trong tuy s& tiét ra insulin, gitp cho
viéc van chuyén duong vao trong té bao duoc dé dang, nho d6 néng do6 dudng trong mau s& giam
xudng. Nguoc lai, khi nong do duong trong mau giam, té bao o trong d4o tuy sé tiét ra glucagon, nho
¢6 glucagon ma glycogen du trir duoc chuyén hoa thanh duong glucose va dua vao méau, do d6 nong
d6 duong trong méau lai ting 1én. Vi vay ké ca nhiing Iic xa bita an, co thé van duy tri da luong
duong trong mau, chiing ta van c6 du nang lugng dé hoat dong.

3. LIEN KET GIUA CAC TE BAO TRONG PAO TUY

Trong dao tuy, cac té bao nam lién ké va két dinh vao nhau. Mudn tach ching ra can mét huc
nhat dinh dé thing duoc lyc lién két gitra chung. Nam 1963, Steinberg da dua ra Gia thuyét vé luc



lien két khac nhau (differential adhesion hypothesis) vai noi dung co ban nhu sau: Giita c4c loai té
bao khac nhau c6 mét luc lién két khac nhau, ning luong cia mot hé té bao ¢ trang thai can bang la
cuc tiéu [8]. Luan diém tha hai cua gia thuyét nay phi hop véi Neuyén Iy ndang heong cuc tiéu trong
Vat Iy hoc.

Tir céc dir liéu thuc nghiém vé toa do trong khong gian 3 chiéu cua cac té bao, sir dung
phuong phap M6 phong Monte Carlo [9-13] két hop véi Thong ké Bayesian [14], ching t6i tién hanh
tinh toan lyc lién két giira cac té bao. Ban doc quan tim dén chi tiét caa k§ thuat tinh toan c6 thé xem
& [3], & day chung t6i chi gioi thiéu két qua.

Bang 1. Lyc lién két giira cac té bao chinh trong dao tuy & céc loai khac nhau. Két qua duoc
xéac dinh tir 30 dao tuy cua chudt, 30 dao tuy cua lon, 60 dao tuy cua 2 c& thé ngudi khac
nhau. Luc lién két giita cac té bao o duoc chon 1am chuan (Ju, =1).

S6 dao tuy Luc lién két gira cac té bao
Loai duoc tinh
Jpp Jop JoplIpp
Chuot 30 0.97£0.05 | 0.88+0.05 | 0.91%0.02
Lon 30 0.91+0.04 | 0.88+0.03 | 0.97+0.02
Nguoi 1 30 0.92+0.03 | 0.90+0.02 | 0.98+0.02

Trude hét, chung t6i xac dinh Iyc lién két giira cac té bao B voi nhau (Jpp), giita té bao o va té
bao B (Jug) cho 30 dao tuy cua chudt, 30 dao tuy lon va 60 dao tuy ciia ngudi. Két qua thu dugc chira
rang luc lién két giita cac té bao cung loai 16n hon Iyc lién két giira céc té bao khac loai (Ju, Jpp >
Jup) (xem chi tiét & Bang 1). Dac biét, sy chénh léch nay & chudt I6n hon so véi & lon va & ngudi:
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Pay c6 thé 1a mot trong nhitng nguyén nhan cia sy khéc nhau vé mat cau tric cua dao tuy & cac
loai khac nhau, phu hop véi nghién ciru trude do cua ching téi [15].



Két qua twong tu ciing da thu dwoc & ddi 6 dao tuy ¢ nguoi ¢6 thdng tin vé vi tri cua té bao &

(Bang 2):

Joa, Jpp, Jos > Jup, Jas, Jps

@)

Bang 2. Luyc lién két gitra cAc té bao a, B, va & trong cac dao tuy & nguoi. Két qua dugc xac dinh tir
6 dao tuy & mot c& thé ngudi. Lyc lién két giita céc té bao o dwoc chon lam chuan (Juo =1). Céc gia
tri trong ngoic don biéu dién luc twong tac gitta cac té bao o va B khi khong tinh dén su c6 mit cua

Luc lién két gitra cac té bao
bao tuy
Jpp Jop Jss Jos Jps
1 0.97+0.02 (0.96) 0.92+0.01 (0.92) 1.03+0.02 0.93£0.02 0.90+0.02
2 1.00+0.01 (1.00) 0.94+0.01 (0.93) 1.01+0.02 0.90+0.01 0.90+0.02
3 0.96+0.01 (0.97) 0.91+0.01 (0.92) 1.00+0.02 0.90+0.01 0.89+0.02
4 0.97+0.01 (0.99) 0.92+0.004 (0.93) 0.99+0.01 0.93+£0.01 0.89+0.01

Ngoai ra, su thay doi cua Jgs VA Jog 12 khong dang ké khi xét dén sy ¢ mat hay khong cua té bao
& (Bang 2), nguyén nhan c6 thé 1a do sé luong qué it cua té bao & co trong dao tuy. Nhu vay cac két
qua thu duoc & Bang 1 1a dang tin cay, mic du khong co thong tin vé toa d6 cua té bao & ¢ nhirng dao
tuy nay.

4.SU CONG HUONG VA UC CHE LAN NHAU GIUA CAC TE BAO TRONG PAO TUY

Céc nghién ciru da chi ra rang cac hooc mon glucagon, insulin va somatostatin khi duoc tiét ra
tir cac té bao o, B va & cd thé kich thich cac té bao khéc tiét manh hon (cong huong), hoidc c6 thé kim
ham su tiét hodc mon cua cac té bao khac (e ché). Sy tac dong nay dugc minh hoa ¢ Hinh 4.
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Hinh 4. Su cong huong va tc ché 1an nhau gitra cac té bao trong dao tuy. Mii tén nét lién mau
den biéu dién su cong huong, mili tén nét dirt mau do biéu dién sy e ché 1an nhau trong viéc tiét
hodc mén cua cac té bao, nét dit mau den khong mii tén biéu didn sy chwa théng nhat trong céc
két qua nghién cuu.

Cu thé, glucagon khi duoc tiét ra tir t& bao a sé& kich thich té bao P tiét ra insulin va té bao & tiét
ra somatostatin manh hon [16-21]. Trong khi d6 somatostatin tiét ra tir té bao & lam kim ham su tiét
glucagon va insulin tir té bao o va B [22-25]. Insulin tiét ra tir t& bao P cling kim ham sy tiét glucagon
tir té bao o [26-28]. Tuy nhién, cho tgi nay, su anh huong caa insulin toi sy tiét somatostatin ¢ té bao
& con chua rd rang. Mot s6 nghién ctiu cho thay insulin c¢é thé kich thich su tiét somatostatin tir té
bao & [29], tuy nhién mét sb lai khdng tim thay mét sy tac dong nao ca [30, 31]. Hién tai ching toi
dang nghién ctu chi tiét hon vé van dé nay, déng thoi dinh luong hoa sy cong huong va e ché Ian
nhau nay giira cac té bao [32, 33].

5. KET LUAN

Tiéu duong 1a mot cin bénh man tinh, dén nay chua c6 cach nao dé chira tri dat diém cin bénh
nay. Viéc nghién ciu ché tao tyy nhan tao dang 1a mot huéng méi, thu hat sy quan tdm cia nhiéu
nhém nghién ciru trén thé gidi.

Loai tuy nhan tao di dua vao thir nghiém va st dung hién nay & mot sé nudc phét trién thuc
chat mai chi 1a may bom insulin ty dong, can phai nap insulin vao may, chiing khdng tu sinh ra ho6c
mon nhu tuy that. D& co thé ché tao tuy nhan tao véi day du tinh ning cua nd, can nam rd cau tric,
chirc nang ciia tuy ciing nhu sy tac dong qua lai giira cac té bao trong do.

Trong bai viét nay, bang viéc phan tich két qua thuc nghiém, ching tdi nhan thay: Su phan b
té bao trong dao tuy & cac loai khac nhau 1 khac nhau. Pao tuy cua chudt c6 cau tric vo-nhan, trong
d6 cac té bao P tap trung ¢ nhan, bao quanh 1a cac té bao o va 8. Tuy nhién, cac té bao o va & & lgn
va ¢ ngudi khong chi phan bd ngoai vo ma con nim bén trong dao tuy. Bang tinh toan ly thuyét,
chiing t6i da chi ra rang nguyén nhan caa sy khac nhau nay la do ty I cac loai té bao trong dao tuy



cling nhu Iyc lién két gitra chiing khac nhau & cac loai. Ngoai su lién két co hoc trén, cac té bao trong
d40 tuy con tac dong qua lai 1an nhau thdng qua viéc tiét ra hoc mén. Cac nghién ciru cu thé hon vé
su tac dong nay dang duoc ching toi tién hanh [32, 33].

Ching tdi hy vong rang nhitng nghién ciru trong bai viét nay s& gop phan hién thuc hoa viéc
ché tao thanh cdng tuy nhan tao trong mot twong lai khong xa, nham cai thién doi séng cua cac bénh
nhan tiéu duong, han ché duoc nhirng bién chirng gay ra tir can bénh nay.
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ARTIFICIAL PANCREAS - ANEW SOLUTION FOR DIABETES PATIENTS

Abstract. Diabetes is a chronic disease that occurs when the body cannot release enough of the
hormone insulin or cannot use insulin effectively. Insulin is released by pancreatic islets. Pancreatic
islet consists of three cell types, a cells, [ cells, and d cells, they release glucagon, insulin, and
somatostatin, respectivelly. The self-organization of cells in islets are different between species. In
mouse islets, b cells are located in the core, whereas a cells and d cells are surrounded on the
periphery. However, in pig and human islets, a cells and d cells are not only distributed on the islet
periphery, but also scattered within islets. Based on the positions of cells, we computed and found
that the attractions between homotypic cells are stronger than the attractions between heterotypic
cells. Additionally, the endocrine cells can influence positively or negatively on each other through
hormones. This information is essential to make an artificial pancreas.






