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Abstract: This review aimed to summarize the most up-to-date evidence (up to August 2025) on
the efficacy, safety, and predictors of response to mesenchymal stem cell (MSC)—based therapy in
type 2 diabetes mellitus (T2DM), and to provide research perspectives and practical
recommendations. A systematic search was conducted in PubMed, Cochrane Library, Web of
Science, and relevant medical journals (December 2023—August 2025) using the keywords
“mesenchymal stem cells,” “umbilical cord,” “bone marrow,” “type 2 diabetes,” “randomized,” and
“meta-analysis.” Ten eligible studies were included in the qualitative synthesis: two randomized
controlled trials, one non-randomized clinical study, one retrospective study, one post-hoc analysis,
and five meta-analyses or systematic reviews. MSC therapy, particularly umbilical cord—derived
MSC (UC-MSC), reduced mean HbAlc by 0.6-0.9% after 12 months, improved C-peptide and
glucose infusion rate (GIR), and decreased exogenous insulin requirements. Long-term follow-up
data demonstrated reduced rates of macrovascular and peripheral neuropathic complications. Recent
pooled analyses reported no serious MSC-related adverse events, confirming a favorable safety
profile. Current clinical evidence supports MSC therapy as a safe and promising adjunct for selected
T2DM patients. However, large multicenter randomized trials with standardized cell sources, doses,
delivery routes, and >24-month follow-up are needed to validate long-term efficacy and define its
role in diabetes management.
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Téng quan tng dung cic san pham cua té bao gdc trung mod
trong dicu tr1 dai thao dudng typ 2
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Tém tit: Muc tiéu: Tong quan mo ta bang chimg cap nhat nhat (08/2025) vé hiéu qua diéu tri cua
cac san phém dya trén té bao gdc trung md (MSC) trong diéu tri dai thao dudng typ 2 (BTD2), danh
gid an toan, yéu tb du bao dap o mg va dua ra cac khuyén nghi thuc hanh, dinh hudng cac nghién ctru
tiép sau. Phuong phap: Tim kiém PubMed, Cochrane Library, Web of Science va cac tap chi chuyen
nganh (12/2023 — 08/2025). T khoa: “mesenchymal stem cells”, “umbilical cord”, “bone marrow”

“type 2 diabetes”, “randomized”, “meta-analysis”, “safety”, “C-peptide”, “HbAlc”. Hai nha téng
quan doc 1ap sang loc va trich xuét sd liéu, bat dong dwoc giai quyét bang thao luan. Két qua: 10
cong trinh dap tmg tiéu chuan duoc dua vao phan tich dinh tinh (gom hai RCT (thr nghiém lam
sang ngau nhién c6 ddi chimg) 0 BTD2 dung UC-MSC hoac két hop MSC + té bao don nhan; mot
nghién ciru 1am sang khong ngau nhién; mot nghién ctru hoi ctru; mot phan tich dit lidu sau thir
nghiém lam sang, va ndm phan tich gop - tong quan hé thong) Nhin chung, MSC (déc biét MSC
day ron) lam giam HbAlc khoang 0.6% - 0.9% sau 12 thang, giam nhu cau insulin ngoai sinh va cai
thién chi s6 chirc nang dao tuy (C-peptide, GIR) so v6i nén diéu tri chuan. Nghién ctru theo ddi 8
nam ghi nhan giam bién chirg mach méau 16n va than kinh ngoai bién & nhom két hop MSC + té
bao don nhan so véi nhom ching. H) so danh gia an toan thuan loi, khong ghi nhan bién ¢b nghiém
trong lién quan diéu tri trong cac phan tich gop gan ddy. Két luan: Bang chimg 1am sang gan day
cung ¢d vai trdo MSC nhu mot bién phap hd tro tiém nang cho bénh nhan BDTD2 chon loc, véi hi¢u
qua cai thién kiém soat duong huyét va du phong bién ching trong trung han, dong thoi an toan tot.
Can céc thir nghiém ngau nhién quy mé 16n, chuén hoa ngudén MSC, liéu, dudong ding va tiéu chi
dap tmg, clng theo ddi >24 - 36 thang dé khing dinh loi ich dai han va vi tri ctia MSC trong phac
dd diéu tri PTD2.

Tir khéa: Té bao gbe trung mo; Pai thao dudng typ 2; MSC day rén; HbA I¢c; C-peptide.

1. Mé dau

Lién doan Pai thio duong qudc té
(International Diabetes Federation - IDF) nam
2025 da ghi nhan 11.1% nguoi trudng thanh tur
20 dén 79 tubi mac dai thao duong, trong d6 hon
90% mic dai thao duong typ 2, va udc tinh dén
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nam 2050 con s6 s& ting 1én 853 triéu ngudi néu
khong c6 bién phap can thi¢p hi€u qua [1]. Tai
Viét Nam hién nay ty 1& ngudi mic dai thao
duong dang gia tang nhanh chong va ngay cang
tré hoa voi hon 7 triéu ca gdy ra ganh nang y té,
kinh té xa hoi va suy giam chét luong cudc song,
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trong d6 phan 16n chua dugc chan doan hodc
kiém soat duong huyét dat muc tiéu [2].

Diéu tri DPTP2 hién nay chi yéu dua vio thay
d6i 16i séng, thudc ha dudng huyét duong udng
va liéu phap insulin [3], gitip kiém soat duong
huyet ngan han nhung kho phuc héi chirc ning
té bao beta dao tuy — noi tiét insulin noi sinh, va
it tac dong 1én qua trinh viém, mién dich nén vén
gop phan tién trién bénh [4, 5]. Theo phan tich
thuc t& 1am sang tai My va Chau Au, c6 t6i
60.9% bénh nhan DTD2 khong dat dugc mic
HbAlc muyc tiéu bang diéu tri tiéu chuan, phai
tang bac thudc hoic chuyén sang insulin liéu cao,
dan dén gia ting bién ching va chi phi diéu tri
[6]. Piéu nay cho thiy cac chién luoc didu tri
hién nay chu yéu kiém soat triéu ching ma chua
thuc su tac ddong vao co ché bénh sinh siu xa.

Trong bdi canh do, liéu phap té bao gbc trung
mod (mesenchymal stem/stromal cells — MSCs)
dugc xem nhu mot hudng di moi, tac dong kép
vira diéu bién mién dich — khang viém, vira thic
déy tai tao md va phuc hdi chirc ning té bao p
tuy, dong thoi cai thién dé khang insulin va vi
moi trudng chuyén hoa [7, 8]. Liéu phap nay di
dugc nghién ctru trong hon hai thap nién va dang
duge ung dung 1am sang thir nghiém & nhiéu
qudc gia véi két qua kha _quan: giam HbAlc,
tang C-peptide, giam nhu cau insulin va cai thién
chi s6 HOMA-B, HOMA-IR & bénh nhan DTD2
[9-11].

Tuy nhién, cac bang chimg hién c6 con phan
tan, khac biét dang ké vé ngudn MSC, liéu,
duong dung, ti€u chi danh gia va thoi gian theo
déi. Bén canh do, cac téng quan trudc day chu
yéu tap trung vao hiéu qua lam sang tong thé,
trong khi chua phan tich day du co ché tac dong
sinh hoc nén tang ciling nhu cac yéu té ¢ thé dy
bao dap ung diéu tri va dinh hudng tdi wu hoa
liéu phap MSC trong thyc hanh 1am sang. Vi viy
bai tong quan ndy nhiam mo ta cac bang ching
cap nhat m&i nhat vé MSC trong DTD2 tir thang
12/2023 dén 8/2025, nhin manh két qua hiéu qua
diéu tri, danh gia an toan, yéu t6 du bao dap ung
va cac van dé t6i wu hoa duong dung/diéu blen
MSC. Qua d6, bai viét hudng t6i viéc cung cap
co s& khoa hoc cho thyc hanh 14m sang, khuyén
nghi thuc hanh va dinh huéng cac nghién ctru

tiép theo trong linh vyuc diéu trj tai tao d6i vé6i
bénh BTD2.

2. Pbi twong va phwong phap tong quan
2.1. Thiét ké va pham vi

Toéng quan md ta cd céu triic (narrative
review) theo khung IMRAD, mé ta va tong hop
dinh tinh bang chimg 1am sang méi nhat vé MSC
& bénh nhan DTD2 giai doan 12/2023 dén 8/2025.

2.2. Phuwong phdp tim kiém

Nguon di¥ liu: PubMed/MEDLINE,
Cochrane L1brary, Web of Science va cac tap chi
y hoc — ndi tiét — té bao gdc truy cap ma. Tir khoa
va toan tu: (“mesenchymal stem cell*” OR
“MSC” OR “umbilical cord” OR “Wharton’s
jelly” OR “bone marrow” OR “adipose-
derived”) AND (“type 2 diabetes” OR “T2D”)
AND (“randomized” OR “clinical trial” OR
“meta-analysis” OR “systematic review” OR
“C-peptide” OR “HbA1c” OR “safety”).

Gioi han: nghién clru trén nguoi trudng
thanh; tiéng Anh; thoi gian cong bd tir 12/2023
dén 8/2025.

2.3. Tiéeu chuan lua chon va loai trie

Tiéu chuin lua chon: 1) Thir nghiém lam
sang ngau nhién/ddi ching hodc khong ngiu
nhién c6 so sanh trudc-sau, danh gia liéu phap
MSC & bénh nhan DTD2; ii) Phan tich gdp/tong
quan hé thong c6 két qua tach riéng cho DTD2
hoic ¢6 s6 liéu 10ng ghép; va iii) Nghién ciru 1am
sang co danh gia an toan li¢u phdp hodc xac dinh
yéu t6 du bao dap tmg véi MSC.

Tiéu chuan loai trir: nghién ciru tién 1am sang
don thuan; bao cao ca don 1¢; liéu phap thay
thé t& bao dao tuy khong phai MSC
(iPSC/ESC-islets); va cac bai viét binh ludn
khong co dit ligu.

Nghién ciru tap trung hai loai két qua:

- Két qua chinh: nhiing thay d6i vé nhu cau
insulin, chi s HbAlc, dudng mau luc d6i (FBG),
duong huyét tuong luc doi (FPG) va C peptide
danh gi4 thoi diém ban dau va sau diéu tri.
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- Két qua phy: bao gom bién cd bat lgi va cac trung duong ho hép trén ty khoi, sét nhe, budn
tac dung phu:cac dot ha duong huyét, nhiem nén va non.
Béng 1. Chién lugc tim kiém va tiéu chuan lya chon, tiéu chuan loai trir tai liéu

Thanh phan MO ta
PubMed/MEDLINE, Cochrane Library, Web of Science, tap chi chuyén nganh
truy cép mo.

mesenchymal stem cell*, MSC, umbilical cord, bone marrow, type 2 diabetes,
randomized, meta-analysis, C-peptide, HbAlc.

Nghién ciru trén ngudi truong thanh mac DTD2 (bao gom: Thir nghiém 1am
sang & bénh nhan DTH2, tong quan hé thong/phan tich gop, nghién ctru dy bao
dap rng)

Céc nghién ciru tir 12/2023 dén 08/2025, xuat ban bang tiéng Anh.

Nghién ctru tién 1am sang don thudn; ca 1am sang; can thiép thay té bao dao tuy
khong phai MSC.

Co so dir ligu

Tu khoa

Tiéu chi lya chon

Tiéu chi loai trir

(HbAlc, TIR, C-peptide, GIR, nhu cau insulin),
thoi gian theo ddi va bién c¢b bét lgi. Pbi chimg
két qua, néu co bat dong dugc giai quyét
bang thao ludn va kiém tra lai dé khing dinh s6
liéu chuan.

2.4. Quy trinh sang loc va trich xudt

Hai nghién ctru vién ddc lap sang loc tiéu dé,
tom tat, doc toan van, trich sb lidu: dic diém
quan thé (tudi, thoi gian méc bénh, HbA lc nén),
ngudn MSC, liéu/duong dung, tiéu chi két cuc

Béng 2. Thong tin chung vé cac nghién ciru dwa vao téng quan

L R A < L. Loai nghién cuu/
STT Téc gia Tén nghién cuu Nam | Quoc gia Mb hinh
Kashbour Me‘senchymz.ﬂ stem cell-based thprapy n Nhiéu | Téng quan hé thong
1 [12] patients with diabetes mellitus: A | 2025 ube sia | va phan tich o6
systematic review and meta-analysis. quoc g p £oP-
Habiba Meta-analysis shows that mesenchymal Nhidu | Téng quan hé théng
2 stem cell therapy can be a possible | 2024 . N oA R
[13] treatment for diabetes. quoc gia | va phan tich gop.
Predictive factors that influence the A i1 1 1A
.. o . Phan tich dir liéu
clinical efficacy of umbilical cord derived Trung , A
3 Wang [14] . 2024 X sau thtr nghi¢ém 1am
mesenchymal stromal cells in the Qudc sin
treatment of type 2 diabetes mellitus. &
Bone marrow mesenchymal stem cell and
mononuclear cell combination therapy in Trun Nehién ciru nedu
4 Wu [15] | patients with type 2 diabetes mellitus: a | 2024 Qué f nhi%n 6 déi ch%’r N
randomized controlled study with 8-year &
follow-up.
Long-Term Efficacy of a Single A Nghién ctru 1am
5 Ma[t15161§)ka Intravenous MSC Infusion on HbAlc | 2025 I;l;?lt sang khong ngau
Reduction in Type 2 Diabetic Millitus. nhién.
Efficacy of wumbilical cord-derived Thu nghiém Giai
mesenchymal stem cells in the treatment doan II, tién c1'rul
6 Zhang [17] of type. 2 dlabet'es assessed by 2023 Tm?g don.‘arung “cani,. ngau
retrospective continuous glucose Quoc nhién, mu déi, co
monitoring. Stem Cells Translational d6i chung bang gia
Medicine. duoc
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Autologous and allogeneic mesenchymal
Aringazina | stem cell-based therapies for diabetes Nhiéu | Téng quan hé thong
7 . . . 2025 A . \ s R
[18] mellitus: A systematic review and meta- quoc gia va phan tich gop.
analysis.
Safety and efficacy of umbilical cord Hop tic | Téng quan hé théng
] Nada [19] mesenchymal stem cell.s in the trea}tment 2025 da quéc va phan tich gop.
of type 1 and type 2 diabetes mellitus: a .
systematic review and meta-analysis. gl
Umbilical Cord-Derived Mesenchymal Nehin ctru hdi
9 Chin [20] | Stem Cells Infusion in Type 2 Diabetes | 2025 | Malaysia ghien
Mellitus Patients. eut
The Effect of Treatment with . Téng quan hé théng
10 Shapori Mesenchymal Stem Cells on HbAlc and 2025 Nhiéu va phan tich 26p
[21] Insulin Requirement in Diabetic Patients: quoc gia i
A Systematic Review and Meta-analysis.
3. Két qua 3.2. Hiéu qua trén kiém sodt dwong huyét

3.1. Déc diém tai li¢u

Mudi tai liéu dap Gng tiéu chuin dugc dua
vao tong quan md ta cua ching toi, bao gdm: hai
RCT (thir nghiém 14m sang ngau nhién c6 dbi
chimg) & DTP2 ding UC-MSC hoic két hop
MSC + té bao don nhan [15, 17]; mdt nghién ctru
1am sang khong ngau nhién [16]; mot nghién ciru
hdi ctru [20]; mot phan tich dir liéu sau thur
nghiém lam sang [14]; va ndm phan tich
g0p/tong quan hé thong gan day [12, 13, 18, 19,
21]. Thoi gian theo doi dao dong tir 8 dén 48 tuan
[12-14, 16, 17, 20, 21] mot nghién ciru cia Wu
theo doi 8 nam [15], hai nghién cuu cua
Arlngazma [18] va Nada [19] khong tong horp
Tat ca cac nghién ctru dua vao tong quan phan
16n dbi tugng nghién ctru 1a nam gidi (>50%) va
d6 tudi 40 - 60 voi thoi gian mac DTH2 tir 4 nim
trd 1én, trir ba nghién ctru khong béo céo vé thoi
gian méc ctia d6i twong nghién ctru [13, 16, 20]. Hai
nghién ctru ctia Matsuoka [16] va Chin [20] tuyén
chon bénh nhan da that bai trong viéc kiém soat
dudng huyét day di voi liéu phap thong thudng.

Ngudn MSC chu yéu 1a day ron (UC-MSC)
va tuy xuong (BM-MSC) qua duong truyén tinh
mach. Ba nghién ctru cia Wu [15], Matsuoka
[16], Chin [20] truyén mot lidu duy nhat; nghién
ctru cua Zhang [17] truyen ba lan cach nhau 04
tuan cac nghién ctru téng quan co lidu lugng va
tan suit da dang [12, 13, 18, 19, 21].

Céc phan tich gop dua vao téng quan [12, 13,
18, 19, 21] déu ghi nhan giam HbAIc c6 ¥ nghia
thdng ké sau khi diéu tri bang MSC so mirc trudc
d6 hodc so voi nhom chirng, véi @6 16n hiéu ung
trung binh tr 0.6% - 0.9% sau 12 thang, c6 y
nghia théng ké véi p <0,05; dong thoi xu hudng
giam va nhit quan nhu clu insulin ngoai sinh
hang ngay va cai thién C-peptide. Nghién ctru
RCT tai Trung Qudc (Wang [14]) st dung
UC-MSC cho thiy nhém can thiép dat ty 1& TIR
>70% va HbAlc <7% cao hon so voi gia dugce &
tuan 9 va 48; HbAlc giam nhiéu hon & nhom
UC-MSC, kém ting déng ké chi s&6 AUCC-pep
va GIR. Nghién ctru RCT ciia Wu [15] két hop
BM-MSC véi té bao don nhan, theo ddi 8 nim,
ghi nhén cai thién C-peptide AUC nam thtr nhat
va giam dang ké ty 1é mac cac bién ching mach
mau 16n, bién ching than kinh ngoai bién va dau
that nguc so v6i nhom diéu tri chuan.

3.3. Churc nang dao tuy va khang insulin

Céc chi s chirc nang dao tuy (C-peptide luc
doi hodac AUC, GIR) taing ¢ nhom MSC trong
cac nghién ctru phan tich gop [12, 13, 18, 19, 21];
mot nghién ctiru RCT [14] xac dinh yéu td du bao
chi ra rang AUCC-pep cao & tuan 9 du bao dap
mg 1am sang (dat muc tiéu HbA 1c) dén tuan 48;
nam giéi va HbAlc nén thip co kha ning dap
g t6t hon.
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Bang 3. M6 ta dic diém thiét ké nghién ctru va déi tuong nghién ciru

Dic diém doi twong nghién ctru

. Thoi gian Co PR NPT W
sTr | Nehién |y odsi | mAu | Tudi Gisi Thoi gian | HbAlc | C-peptidendn | ©hacdodicutri
cuu @nam) | BMU | micpTD | (%) (ng/mL) Insulin
: (Ulngay)
Kashbour , 26.57 - < 6.03-19.5
1 [12] 3 -12thang | 308 | 42.8-58.7 - 289 > 4 nam % 04-2.97 39.71-57.36
2 H[albgl]’a 3-12 théng 44.6-66 | >50% - - - - -
tuan th 9, o 27.58 - 9.87 — 8.38 - .
3 | Wang[14] 20.36. 48 73 40 - 60 67.6% 9.9 1339 9.37 % 1.78-2.19 0,72UI/kg/ngay
Trung Trung Trung Trung FBG 3:2128’3 =
4 Wu [15] 8 nam 86 binh = 62.1% binh = binh=8,9 | binh=28,6 C pept’ide _ < 1.0 U/ngay/kg
52.8+4.5 25.2+2.1 +4.2 +1.1 12+ 032
Trung Bénh nhén duoc |
Trung binh Trun binh tuyén chon vi da that
5 Matsuoka 35 thang 61 binh E 7249 ) ) 7.49% baiﬂ trong viéc dat
[16] (tr 6 - 68 63.3 e (tr 6.3% kiém soat duong
thang) ’ dén huyét day du vai ligu
12.4%) phap thong thuong
Trung Trung Trung Trung Liéu insulin 6n dinh
Zhang A binh = o binh = binh = binh = Trung binh = | (0.5 - 1.0 U/kg/ngay)
6 [17] 48tan | T3 g7, | 6486% | oo gos | 1165+ | s84s 1.9740.72 | va metformin trong 3
8.63 3.45 4.21 1.20 thang
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Thoi gian

Dic diém ddi twong nghién ctru

sTr | Nehién |y odsi | miu | Tudi Gisi Thoi gian | HbAlc | C-peptidendn | ©hacdodieutri
o @nam) | MU | micDTD | (%) (ng/mL) Insulin
(U/ngay)
Tuoi trung
blAnh da}o Khong c6 | Khong co R ,
n dong 16n 2. o Khong co
. . phu thude \ N gia tri gia tri Lo
Aringazina | T tuy thudc gia tri
7 tung nghién | 130 X trung trung ; - - -
[18] - vao s q X s X trung binh
cliru o binh tong | binh tong Z
nghién h h tong hop
clru riéng op op
1é
. phu thuéc | phu thude
phu thude _ . . A s A s
8 | Nada[19] | timgnghien | 76 | 50-5243 | s92 | 2674 tung tng | phu thuoe timg | phu thube timg
i 28.69 nghién nghién nghién clru nghién clru
cuu cuu
Tuoi trung
binhtai 6 | 6 thang: Bénh nhén duoc |
thang: 76.6% 6 thang: 6 thang: tuyen chon vi da that
. , 61.53 tudi nam 27.12 7.77% bai trong viéc ki€m
? Chin [20] | 6,12 thang | 218 | o & trung | 12 thang: | 12 thang: ) 12 thang: ) soat dudng huyét day
binh tai 12 86.7% 29.3 7.5% du véi liéu phap
thang: nam thong thuong
60.8 tudi
tﬁﬁgc | phu thude
Shapori . 39.1- NN 16.7 dén ting
10 21] 2-24 thang | 62 67.2 tung 31.1 nghién - -
nghién ,
, clru
cliiu




P. X Da et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences

Bang 4. Tong hop dic diém MSC sir dung trong nghién ctru va céac két qua chinh

. Loai té bao Vi tri, liu lwong ; Thay d 0i licu £
STT | Nghién ctru “obe thoi 7ian didu tri7 Chi s0 HbA1C Insulin (don Keét qua khac Téc dung phu
& g : vi/ngay)
Khéng ¢ bién cb bét loi
nghiém trong hodc tir
vong. o
A s ., | C-peptides: 12 thang cai thi¢n | Tac dung phu phd bién
UCMSCs 3 3]()21&“% glam }311m6/12thang. canit 0,24 ng/mL so v&i nhom | nhat la cac con ha dudng
’ A . ) chung. huyeét, khong c6 con nao &
1 Ka[sg)]o ur (X]};l\/fSSCCsS)’ Pa dang g 53021 ang: - glam Jii,nsff/l]fr;sgl/ﬂzllrl":i& FBG: 12 thang nhéom chung | mic d9 nghiém trong
HSCs 12 thang: giam | ngay 5o v6i nhom | €20 ho.“ ”’8,4 don Vo hqac m vong. R
0.72% chimg PPBG. 12 thang nhom diéutri | Cac tac dung phu thuong
i ’ giam 61,26 don vi. gdp dugc bao cdo bao
gom: nhiém trung dudng
h()‘ hap trén, dau bung,
buon ndén va non.
Khong sy kién bat loi
Truyén MSC qua Y nghiém trong nao duoc
?VI\}/{:::{)SH% duong tinh mach 3/6 thang giam (igfalczriﬁ:’fnl (6’<9 C-peptide trong nhém MSC | quan sat thay trong suot
) Habi . hoac dong mach, véi | 0,96% (p <0,001) Jang (b da cho thay su gia tang dang | thoi gian theo doi.
abiba [13] jelly (WJ- A A X o 0,05) 1an luot 1a F o, NP P
\ 0 . 5 () d U U 0
MSC) va lieu luong tur (0.88 + va 0,19% 0.18. 0.17. 0.24 ké so v6i mirc co ban tai moc | Céc tac dung phu dugce
UC-MSC 0,05) x 10° den (p =0,012) 0 ’19 ’UI’/k ’/n’ N ’ 3 thang (p-value < 0,001). ghi nhan: ha duong huyet
(1,2+0,3) x 10° g g/ngay. nhe, budn nén va non
mira, sOt nhe
HbAlc dat mirc oz £
Truyén qua dudng giam t6i da tai mbe Chuc:[z}légcte bao P%%;u}izn Nohién cftu cho thév i
tinh mach 03 14n, 9 tudn: 59,5% bénh | Tai mébc 48 tuln, tuy“( hia Zpgp va 9 N ) k'% 1? C;Iu cfo ¢ ac}ll 1t su
3 | Wang[14] | UC-MSCs mi lan 106 UC- nhan dat mitc giam 50% lidu cai thién t0i da tai 9 tuan. | kién bat loi (few adverse

MSC/kg can nang,
cach nhau 4 tuan

HbATc muyc tiéu (<
7%). Tai 48 tuan,
48,65% bénh nhan

Insulin hang ngay.

Khang insulin (GIR) cai
thién theo thoi gian trong
suot thoi gian theo doi.

events) khi tiém truyén
UC-MSC.
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. Loai té bao Vi tri, lidu luong .z Thay d oi licu £
STT | Nghién ctru Tz CL T AT Chi s6 HbA1C Insulin (don Keét qua khac Téc dung phu
g0c thoi gian dicu tri A
vi/ngay)
dat muc tiéu lam
sang.
S Sau 8 nam: Giam dang ké ty Cac t?c dl_ln;g phy jean
1 ndm: gidm PN , han cuda truyén MSC chu
0/ s 1¢ mac: Bién chimg mach X o1s A s
- e s 57,4% va c6 03 o 1x . > . yeu la sot va 6n lanh,
\ b nam: gAML ek han khon miu 16m, Bien ching vi | 100 cho 1a khong lién
Truyén tinh mach 1 8,6% xudng 6,7% Ao . e mach, Bénh than kinh ngoai T & ,
4 Wu [15] BM-MSCs A\ s - [ can dung insulin A R . .~ | quan dén MSC nhung co
lieu 1x10°kg 8 nam: tang vé muc . . A bién tiéu duong (DPN), Ty 1¢ PR P
0 8 nam: quay vé g : the lién quan dén cin cua
8,5%. 7. dau that nguc (angina) PR N ;
nhu trang théi ban Sau 1 nim. FBG eiam t moi truong nudi cay, co
dau au ° nam, ; giam tu thé chira chét gay di ing
) 158,3 xuodng 122,3. N A: AA K ’
va nodi doc to.
Murc HbAlc trung
binh gidm dang ke
tr 7,49% xuodng
\ 0, A 1 ,
MSCs cé Truyén tinh mach 1 6’7é sau dicu t 1 , A e rrea R Khong co su kién bat loi
T A X Nhom DTD vira Tinh bén viing: Hi€u qua " .
nguon goc tr lan duy nhat Iy s o nghiém trong (No serious
Matsuoka N ins K ‘A N phai (HbAlc 6,2 - dugc duy tri trong thoi gian X
5 mo day ron | Liéu luong dao dong o/, (i ~ ST . adverse events) nao dugc
[16] , N x o ax > 8%): Giam trung theo doi trung vi 1a 35 thang L £
tuy xuong, tur 100 triu dén 2 ty binh 0.58 (hon ba nam) bao cao trong suot thoi
hoac mé md te bao Nhém DT ning gian theo doi.
(HbAlc > 8%):
Giam trung binh
1,55.
Truyén tinh mach. 9 tuan (thay (,191 ) gidgm nhu ciu
A K 6 1,79% so voi - . N
Licu luong: 1 x10°6 ) insulin tir 0.72 - Y
N 0,96% nhom X I GIR giam khang insulin) so o . . i
trén moi kg trong ching) U/kg/ngay xudng v6i mitc nén trude khi didu Khéng xdy ra cac sy kién
6 Zhang [17] UC-MSCs luong co thé. N £ 0,48 U/kg/ngay (9 S s . bat loi nghiém trong lién
e A A 48 tuan (thay doi - AN o tri va so voi gid duoc tai 9 £
Thoi gian/Tan suat: 1.36° o tuan) va 0,45 An va 48 tud quan dén UC-MSCs.
3 1n, cach nhau 4 -36% so v6i - U/kg/ngay (48 tuan va 48 tuan.
? A 0,5 1% nhém A
tuan tuan).

chung)
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. s Thay d6i liéu
STT | Nghién ctru Loai (E)ec bao \tﬁ(,;irl’ il;fludliggrtlﬁ’ Chi s6 HbA1C Insulin (don Két qua khac Tac dung phu
] & ] & : vi/ngay) ‘
T¢ bao £80¢ A as g N BM-MSCs cho thiy sy ting ngu phap MSC an toan,
trung mo Truyén ndi dong Giam nhu cau nhe C-peptide 014 don vi khong c6 tac dung phu
Arineaging | (MSOtw | mach (intra-arterial | Giam HbAIC ¢cd | Insulin/ngdy 0,24 ; p( o 03) ' | nghiém trong Céc tic
7 g than infusion) va truyén nhoém allogenic va don vi, mirc giam p, . .| dung phu la tam thoi va
[18] ~ o Y o X Glucose mau lic doi (FBG): ; S A S
(autologous) tinh mach (IV autologus 0,7% c6 y nghia thong \ 2 xdy ra ¢ thieu so bénh
va di sinh infusion) ké Giam FBG dingke (p< | 150 Khong 6 trwom
| SIn 0,00001) g & &
(allogeneic) hop tir vong.
Tiém truyén tinh
mach (Intravenous Khéng ¢6 tic dung phu
Mioyenndsdong | G4m ding ké mitc | Gidm nh u " toin dst han o duge
8 Nada [19] UC-MSCs ma(}:,h tu .(do.rsil HbAlc (MD = insulin hangngdy | Fasting C-peptide tang MD = béo céo. Cac tac dung phu
pahcreégc artery -0.97, c6 § nghia (MD =-0,7, 0,33, p =0,0007 nhe duge ghi nﬁﬁng pba(')
infusion). Lidu thong k) p =0,007) géfn dau dau, sot, va phan
luong: dao dong tuy ung tai vi tri tiém.
nghién clru
Té bao gbc . ) .
trung mo di . 6 thang: giam 6 théne eidm HOMA-IR (Déanh gia d€¢ | Tat ca bénh nhén déu cho
sinh c6 Truyén tinh mach 1 Tm77% xudng 18.81 %I f‘n ; khang insulin) giam dang ké | thay két qua thoa dang ma
9 Chin [20] ngudn goc tir lieu duy nhat 7,52% 6n’ 14.88 \(;Ion tai 6 thang (p = 0,007). khong c6 tac dung phu
day ron 50-100x10° te bao 12 théng: 7,5% xuong i’ FBS giam dang ke tai 12 (without adverse effects)
(allogeneic xuong 7,3% Vi thang (p = 0,016). nao dugc bao céo.
UC-MSCs)
10 Shapori hUC-MSCs DPa dang giira cac Giam 0.72% FBG giam 0,68 don vi

[21]

nghién clru

c-peptide tang nhe 0,07.
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3.4. An toan

Khong ghi nhéan bién ¢ bat lgi nghiém trong
lién quan MSC trong cac phan tich gop gan nhat
[12, 13, 18, 19, 21]; c4c bién ¢6 nhe — trung binh
gbm s6t nhe thoang qua, dau dau [12, 13, 19].
Nghién ctru theo ddi 8 nam cho thiy hd so an
toan chip nhan duoc va khong ting bién c¢b 4c
tinh [15].

4. Ban luian

Két qua tong hop cac bing ching gan day
cung cb gia thuyét lidu phap té bao gbc trung mo,
dic biét 1a MSC ngudn day rén nguoi (UC-
MSC), ¢ kha ning cai thién kiém soat dudng
huyét & bénh nhan dai thao dudng typ 2 thong
qua cac co ché phdi hop. Nhitng co ché nay bao
gdm bao tén va/hoic phuc hoi chirc ning té bao
beta déo tuy, dong thoi cai thién tinh trang khang
insulin ngoai vi. Cac phat hién nay phu hop voi
gia thuyét sinh hoc di dwoc dé xuét trong nhiéu
nghién ctru tién 14m sang va 1am sang gin day
[22, 23]. Thay vi xem MSC nhu: mot ngudn té
bao thay thé truc tiép cho mé tén thwong, nghién
ctru tong quan ndy nhan manh vai tro cua MSC
nhu mot bién phap hd tro yéu t6 diéu tiét sinh
hoc, gop phan diéu hoa vi moi truong viém —
chuyén héa va bao vé chirc ning té bao p dao tuy.

Céc dir liéu phan tich gop trong tong quan
nay cho thay muc giam HbAlc trung binh 0,6—
0,9% sau 12 thang tuong dong véi két qua tong
quan hé théng va phan tich gdp nam 2021 cia
Jingjing He giam 0.87% so v6i nhom chimg
[24]. Viéc ting C-peptide va giam nhu cau
insulin ngoai sinh khéng dinh tac dong sinh hoc
phéi hop giita cai thién tiét insulin ndi sinh va
tang nhay cam insulin mé dich [25]. Két qua tang
dong thoi AUCC-pep va GIR khong chi chimng
t6 kha nang dap Gmg va tiét insulin cua té bao
beta dugc phuc hdi hodc bao tdn tét hon ma con
lam giam tinh trang dé khang insulin [25], qua
do gop phan giéi thich sy giam HbAlc va nhu
cau insulin ngoai sinh quan sat dugc trong cac
nghién ctru dua vao tong quan nay. Diéu niy c6
¥ nghia trong bdi canh MSC dugc xem 1a mét liéu

phép ti tao sinh hoc, huéng t6i didu chinh cin
nguyén bénh hon 1a chi kiém soét triéu chimg.

Tinh nhét quan cta xu huéng nay dugc ghi
nhan trong nhiéu nghién ctru tuy nhién hiéu qua
cai thién khac nhau duoc giai thich boi ngudn té
bao, liéu, va duong ding khac nhau. Ngudn UC-
MSC cho thay hiéu qua 6n dinh hon va kha ning
diéu bién mién dich manh hon so v6i BM-MSC
hoic AD-MSC, phu hop véi dit liéu tién 1am
sang vé kha ning ting sinh, tiét exosome va dic
tinh chéng viém vuot troi cia dong té bao nay
[26]. Cac bang chung nghlen clru gan day cho
thdy hiéu qua diéu tri cta té bao gbc trung mo
trong dai thao dudng typ 2 khong cha yéu dén tir
kha nang biét hoa tryc tiép thanh té bao chirc
nang, ma chu yéu théng qua co ché tlet cac yeu
tb hoa tan [27]. Trong do, exosome ngudn gdc tir
MSC duoc xem 1a nhan t6 trung gian sinh hoc
then chét, dong vai tro trung tdm trong Vlec didu
hoa vi moi tru’O’ng chuyén hoa va mién dich
thong qua bao vé té bao B dao tuy khoi stress oxy
hoa va apoptosis [28], ddng thoi cai thién chuc
nang tiét insulin thong qua diéu hoa cac con
dudng tin hiéu lién quan dén viém va chuyén hoa
glucose [29]. Cach tiép can nay phu hop véi quan
diém sinh hoc té bao géc hién dai, trong d6 MSC
duge xem nhu mot yéu td trung gian diéu tiét
chuyén ho4 hon 1a mot ngudn té bao thay thé truc
tiép [30].

Puong truyén tinh mach thuong duoc ua
chudng do an toan va thuan tién [31], trong khi
truyén dong mach tuy hodc tinh mach cira duoc
bao céo c6 hiéu qua chuyen hoé cao hon nhung
doi hoi k¥ thuat xam 1an [32, 33]. Cac nghién ctru
sir dung lidu té bao cao (> 1 x 10¢ MSC/kg) cho
hiéu qué duy tri HbAlc tt hon sau 6 - 12 thang
nhung can theo ddi an toan lau dai [34] nhung
van chua xac dinh duoc lidu t6i wu [35]. Nhimg
khac biét vé ‘hiéu qua gitra cac nguén va duong
dung goi ¥ can chuan hoa quy trinh san xuét, dic
tinh t& bao (immunophenotype), va protocol
truyén, dong thoi tién hanh cac RCT quy mo 16n,
da trung tdm dé xac dinh liéu t6i wu va nhom
bénh nhan hudng loi nhiéu nhat.

Viéc tich hgp 05 phan tich gop méi nhat
trong giai doan 2024-2025 cho phép bai tong



12 P. X Da et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences

quan nay mé rong cac bang chimg trudc d6 bang
cach 1am rd tinh bén viing cia hiéu qua diéu tri
va vai trd cia MSC trong béao tén chirc ning dao
tuy vé dai han. Céc dit liéu theo doi kéo dai toi 8
nim cho thiy sy cai thién chtrc ning té bao p
khong chi dugc duy tri ma con ¢ xu hudng tang
cuong theo thoi gian, qua d6 ho trg quan dlem
rang liéu phap MSC ¢6 tiém ning lam cham tién
trién bénh va tic dong vao cin nguyén cua dai
thao dudng typ 2, thay vi chi kiém soat triéu
chimg chuyén hoa. Du thiét ké giita cac nghién
ctru con khac biét, xu hudng chung cho thiy
khong ghi nhan bién cb bét loi nghiém trong lién
quan MSC, chu yéu 14 phan tng nhe tai chd hoic
thoang qua va ti hdi phuc, cho thay tinh an toan
tuong ddi cao cua liéu phap nay. Phin 16n nghién
ctru méi dimg & giai doan II [36], chua du bang
chirng xac nhan hiéu qua an toan dai han (nguy
co ting sinh bét thuong, dap tmg mién dich, va
bién ddi gene sau nudi cdy nhiéu lan) hodc giam
bién chung 1au dai cua DTD2 [37, 38]. Trong
tuong lai, viéc chudn hoa san phim MSC theo
tiéu chuAn GMP va ISCT, bao dam ddng nhit vé
dac tinh phenotype, kha nang biét hoa va hoat
tinh sinh hoc, 1a diéu kién tién quyét dé nang cao
tinh tin cdy va kha ning tai lap cua két qua.
Nhirng budc tién nay s& giup dinh hinh liéu phap
MSC nhu mdt chién lugce tai tao sinh hoc bo trg
trong kiém soat DTD2, hudng dén diéu trj cin
nguyén thay vi chi kiém soat triéu chimng.

5. Han ché ciia nghién ctru

Su khong dong nhét giita cac nghién ctru
duoc dua vao, bao gém khéc biét vé thiét ké, c&
mau, ngudn gdc té bao, phac do truyén va tiéu
chi danh gia, khién viéc téng hop dinh lugng
chua kha thi; do d6, cac két luan cha yéu phan
anh xu hudng tong hop dinh tinh. Mot phan bang
ching dugc sir dung tir cac phan tich gép hodc
téng quan c6 pham vi bao gdm ca bénh nhan dai
thao duong typ 1 va typ 2, du da trich loc riéng
dir lidu lién quan dén DTD typ 2 nhung nguy co
sai 1éch do chong 14n quan thé van c6 thé anh
hudng dén d6 chinh xac ciia wdc lugng hiéu qua.
Bén canh d6, viéc thiéu hodc khong nhét quan

thong tin va khéng phén tang bénh nhan theo thoi
gian mic DTD2 c¢6 thé lam gia ting tinh khong
ddng nhat vé mat 14m sang giita cac nghién ciru,
dic biét khi so sanh cac chi s lién quan dén chirc
ning té bao beta nhu C-peptide hodc nhu cau
insulin ngoai sinh. Han ché nay ciing can tré kha
ning xac dinh cac yéu té du bao dap umg va thuc
hién cac phén tich dudi nhom, vbn can thiét dé
tdi uu hoa lua chon bénh nhan trong thyc hanh
lam sang. Ngoai ra, dit liéu trong nudc vé tng
dung té bao géc trung mé trong diéu tri PTD2
hién con han ché, chua c6 thir nghiém 1am sang
quy mo 16n, da trung tdm dugc cong bd. Piéu
nay cho thy nhu cau cap thiét can trién khai cac
nghién ctru tién ctru, ngiu nhién va c6 dbi ching
tai Viét Nam nham xac dinh hiéu qua thuc hanh,
tinh an toan dai han va kha nang Gmg dung cia
lidu phap nay trong bdi canh 1am sang qudc gia.

6. Két luan

Téng hop céc bang chung cap nhat moi nhét
t6i 08/2025 vé cac san pham dua trén MSC, dic
biét UC-MSC, cho thay hiéu qua cai thién kiém
soat duong huyét (giam HbAlc, giam nhu ciu
insulin), nang cao chirc nang dao tuy (C-peptide,
GIR) va tin hiéu giam bién ching trong trung
han, véi hd so an toan thuan loi & bénh nhéan
DTP2. Tuy nhién, bang chimg hién c6 van chua
du dé thay thé diéu tri chuan; MSC nén duoc
xem la can thi¢p hd trg cho nhéom bénh nhéan
chon lgc trong khung nghién ctru véi sy giam sat
chit chg. Trong tuong lai, cic thir nghiém ngau
nhién, da trung tam, theo doi dai han, chuin hoa
toan bo chudi quy trinh - tir tuyén chon ngudn,
dac tinh mién dich hoc, tiéu chuan GMP dén thiét
ké thir nghiém 1am sang - 1a diéu kién tién quyét
dé khang dinh tinh hiéu qua, an toan va kha
nang Ung dung rong rdi cia MSC trong thuc
hanh 1am sang

Loi cadm on
Nghién ctru nay duogc tai trg bdi nhi€m vu

khoa hoc QG (Ma s6: QG.24.118) cua Pai hoc
Quoc gia Ha Noi.



P. X Da et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences 13

Tai liéu tham khao

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

International Diabetes Federation, IDF Diabetes
Atlas 11th Edition 2025,
https://diabetesatlas.org/resources/idf-diabetes-
atlas-2025/, 2025 (accessed on: October 8%, 2025),

Ministry of Health, Vietnam, The Prevalence of
Diabetes in Vietnam Is Increasing Rapidly,
https://moh.gov.vn/tin-noi-bat/-
/asset_publisher/3Yst7YhbkA5j/content/viet-nam-
hien-ty-le-nguoi-mac-benh-ai-thao-uong-ang-gia-
tang-nhanh, 2023 (accessed on: October 8", 2025)
(in Vietnamese).

D. M. Nathan, Diabetes: Advances in Diagnosis
and Treatment, JAMA, Vol. 314, No. 10, 2015,
pp. 1052-1062.

A. D. A. Shahjalal Hussain Md, K. M. Lim, T. Il
Jeon, S. G. Cho, Generation of Pancreatic § Cells
for Treatment of Diabetes: Advances and
Challenges, Stem Cell Research & Therapy,
Vol. 9, No. 1. 2018, p. 355.

M. A. Nauck, J. Wefers, J. J. Meier, Treatment of
Type 2 Diabetes: Challenges, Hopes, and
Anticipated Successes, The Lancet Diabetes &
Endocrinology, Vol. 9, No. 8, 2021. pp. 525-544.

D. Lautsch et al., Individualized HbA1c¢ Goals, and
Patient Awareness and Attainment of Goals in
Type 2 Diabetes Mellitus: A Real-World
Multinational Survey, Advances in Therapy,
Vol. 39, No. 2, 2022, pp. 1016-1032.

D. B. Zuo et al., Stem Cell Therapy for Diabetes:
Advances, Prospects, and Challenges, World
Journal of Diabetes, Vol. 16, No. 7, 2025,
pp- 107344.

F. Sun, et al., Mesenchymal Stem Cell-Derived
Extracellular Vesicles: A Potential Therapy for
Diabetes Mellitus and Diabetic Complications,
Pharmaceutics, Vol. 14, No. 10, 2022, p. 2208.

X. Liu, P. Zheng, X. Wang, G. Dai, H. Cheng, Z.
Zhang et al., A Preliminary Evaluation of Efficacy
and Safety of Wharton’s Jelly Mesenchymal Stem
Cell Transplantation in Patients with Type 2
Diabetes Mellitus, Stem Cell Research & Therapy,
Vol. 5, No. 2, 2014, pp. 57.

H. Ranjbaran et al., Efficacy of Mesenchymal Stem
Cell Therapy on Glucose Levels in Type 2 Diabetes
Mellitus: A Systematic Review and Meta-
Analysis, Journal of Diabetes Investigation,
Vol. 12, No. 5, 2021. pp. 803-810.

A. E. Badawy, N. E. Badri, Clinical Efficacy of
Stem Cell Therapy for Diabetes Mellitus: A Meta-
Analysis, PLoS One, Vol. 11. No. 4, 2016,
pp. €0151938.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

M. Kashbour et al., Mesenchymal Stem Cell-Based
Therapy for Type 1 & 2 Diabetes Mellitus Patients:
A Systematic Review and Meta-Analysis of
Randomized Controlled Trials, Diabetology &
Metabolic Syndrome, Vol. 17, No. 1. 2025, pp. 189.

U. E. Habiba et al., Meta-Analysis Shows that
Mesenchymal Stem Cell Therapy Can Be a
Possible Treatment for Diabetes, Frontiers in
Endocrinology, Vol. 15, 2024, pp. 1380443.

Y. Wang et al., Predictive Factors that Influence
the Clinical Efficacy of Umbilical Cord—Derived
Mesenchymal Stromal Cells in the Treatment of
Type 2 Diabetes Mellitus, Cytotherapy, Vol. 26,
No. 3, 2024, pp. 311-316.

Z. Wu et al., Bone Marrow Mesenchymal Stem
Cell and Mononuclear Cell Combination Therapy
in Patients with Type 2 Diabetes Mellitus: A
Randomized Controlled Study with 8-Year
Follow-Up, Stem Cell Research & Therapy, Vol.
15, No. 1. 2024, pp. 339.

T. Matsuoka et al., Long-Term Efficacy of a Single
Intravenous MSC Infusion on HbA 1¢ Reduction in
Type 2 Diabetic Mellitus, Journal of Diabetes,
Vol. 38, No.16, 2025.

L. Zang et al., Efficacy of Umbilical Cord-Derived
Mesenchymal Stem Cells in the Treatment of Type
2 Diabetes Assessed by Retrospective Continuous
Glucose Monitoring, Stem Cells Translational
Medicine, Vol. 12, No. 12, 2023, pp. 775-782.

R. A. Aringazina et al., Autologous and Allogeneic
Mesenchymal Stem Cell-Based Therapies for
Diabetes Mellitus: A Systematic Review and Meta-
Analysis, World Journal of Stem Cells, Vol. 17,
No. 7, 2025, pp. 108202.

A. H. Nada et al., Safety and Efficacy of Umbilical
Cord Mesenchymal Stem Cells in the Treatment of
Type 1 and Type 2 Diabetes Mellitus: A Systematic
Review and Meta-Analysis, Expert Review of
Endocrinology & Metabolism, Vol. 20, No. 2,
2025, pp. 107-117.

S. P. Chin et al., Umbilical Cord-Derived
Mesenchymal Stem Cells Infusion in Type 2
Diabetes Mellitus Patients: A Retrospective
Cytopeutics’ Registry Study, Diabetes, Metabolic
Syndrome and Obesity, 2025, pp. 1643-1659.

P. E. A. Shapori, M. Fathi, The Effect of Treatment
with Mesenchymal Stem Cells on HbAlc and
Insulin Requirement in Diabetic Patients: A
Systematic ~ Review  and  Meta-Analysis,
International Journal of Scientific Research in
Dental and Medical Sciences, Vol. 7, No. 2, 2025,
pp- 88-95.



14

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

P. X Da et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences

L. Zang et al., Mesenchymal Stem Cell Therapy in
Type 2 Diabetes Mellitus, Diabetology &
Metabolic Syndrome, Vol. 9, No. 1. 2017, pp. 36.

Y. Li et al., Efficacy of Mesenchymal Stem Cell
Transplantation Therapy for Type 1 and Type 2
Diabetes Mellitus: A Meta-Analysis, Stem Cell
Research & Therapy, Vol. 12, No. 1.2021, pp. 273.

J. He et al., Clinical Efficacy on Glycemic Control
and Safety of Mesenchymal Stem Cells in Patients
with Diabetes Mellitus: Systematic Review and
Meta-Analysis of RCT Data, PLoS One, Vol. 16,
No. 3, 2021, pp. €0247662.

L. Zang et al., Efficacy and Safety of Umbilical
Cord-Derived Mesenchymal Stem Cells in Chinese
Adults with Type 2 Diabetes: A Single-Center,
Double-Blinded, Randomized, Placebo-Controlled
Phase II Trial, Stem Cell Research & Therapy,
Vol. 13, No. 1. 2022, pp. 180.

W. Zhang et al., Comparison of Therapeutic
Effects of Mesenchymal Stem Cells from
Umbilical Cord and Bone Marrow in the Treatment
of Type 1 Diabetes, Stem Cell Research &
Therapy, Vol. 13, No. 1. 2022, pp. 406.

Y. Wang et al., Therapeutic Effect of Mesenchymal
Stem Cells and Their Derived Exosomes in
Diseases, Molecular Biomedicine, Vol. 6, No. 1.
2025, pp. 34.

J. Chen et al., Mesenchymal Stem Cell-Derived
Exosomes Protect Beta Cells Against Hypoxia-
Induced Apoptosis via miR-21 by Alleviating ER
Stress and Inhibiting p38 MAPK Phosphorylation,
Stem Cell Research & Therapy, Vol. 11. No. 1.
2020, pp. 97.

Y. Sun et al., Human Mesenchymal Stem Cell-
Derived Exosomes Alleviate Type 2 Diabetes
Mellitus by Reversing Peripheral Insulin
Resistance and Relieving B-Cell Destruction, ACS
Nano, Vol. 12, No. 8, 2018, pp. 7613-7628.

J. Janockova et al., New Therapeutic Approaches
of Mesenchymal Stem Cells-Derived Exosomes,

Journal of Biomedical Science, Vol. 28, No. 1.
2021, pp. 39.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

G. Moll et al, Intravascular Mesenchymal
Stromal/Stem Cell Therapy Product
Diversification: Time for New Clinical Guidelines,
Trends in Molecular Medicine, Vol. 25, No. 2,
2019, pp. 149-163.

R. Primavera et al., Precision Delivery of Human
Bone Marrow-Derived Mesenchymal Stem Cells
into the Pancreas via Intra-Arterial Injection
Prevents the Onset of Diabetes, Stem Cells
Translational Medicine, Vol. 13, No. 6, 2024,
pp. 559-571.

J. Li et al., Biodistribution of Intra-Arterial and
Intravenous Delivery of Human Umbilical Cord
Mesenchymal Stem Cell-Derived Extracellular
Vesicles in a Rat Model to Guide Delivery
Strategies for Diabetes Therapies,
Pharmaceuticals, Vol. 15, No. 5, 2022, pp. 595.

A. Mathur, S. Taurin, S. Alshammary, The Safety
and Efficacy of Mesenchymal Stem Cells in the
Treatment of Type 2 Diabetes - A Literature
Review, Diabetes, Metabolic Syndrome and
Obesity, 2023, pp. 769-777.

M. Kabat et al., Trends in Mesenchymal Stem Cell
Clinical Trials 2004-2018: Is Efficacy Optimal in a
Narrow Dose Range?, Stem Cells Translational
Medicine, Vol. 9, No. 1. 2020, pp. 17-27.

S. Gao et al., Mesenchymal Stem Cells (MSCs): A
Novel Therapy for Type 2 Diabetes, Stem Cells
International, Vol. 2022, 2022, pp. 8637493.

X. F. Lian et al., Effectiveness and Safety of
Human Umbilical Cord-Mesenchymal Stem Cells
for Treating Type 2 Diabetes Mellitus, World
Journal of Diabetes, Vol. 13, No. 10,2022, pp. 877.
S. Al Demour et al., Safety and Potential
Therapeutic Effect of Two Intracavernous
Autologous Bone Marrow Derived Mesenchymal
Stem Cells Injections in Diabetic Patients with
Erectile Dysfunction: An Open Label Phase I
Clinical Trial, Urologia Internationalis, Vol. 101.
No. 3, 2018, pp. 358-365.



