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Budc dau khao sat kha nang khang ung thu ctia cao chiét ethyl
acetate moi trudng nudi cay xa khuan Streptomyces sp. ss7 trén
dong té bao ung thu phdi ngudi
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TOM TAT

Xa khudn thudc nhém vi khudn Gram duong, la nguén san xudt cac hop chat bién dudng thit cap
déng vai trd quan trong trong nganh cong nghiép dugc pham. Cac hop chét tir xa khudn thé hién
da dang cac hoat tinh sinh hoc nhu khang oxi hda, khang khuén, khéng virus, Gc ché mién dich, dac
biét la hoat tinh khang ung thu. Nhiéu hop chat khang ung thu c6 nguén goéc ti xa khudn dong
vai tro quan trong trong linh vuc y té nhu actinomycin D, mitomycin D, bleomycin, doxorubicin hay
streptozotocin. Do dé, trong cong cudc tim kiém hop chat méi co hoat tinh sinh hoc, cac chiing
xa khuan tir ty nhién thu hit duge nhiéu sy quan tam ti céc nha khoa hoc, va mét trong nhiing
nguén phan 1ap mdi ndi phai ké dén xa khudn ndi sinh trong cdy thude. Trong bai bao nay, cao
chiét ethyl acetate dich moi trudng nuéi cdy chiing xa khuan Streptomyces sp. SS7 phan lap tir cay
Trinh nr hoang cung (Crinum latifolium) dugc thir nghiém kha nang khang ung thu trén dong té
bao ung thu phdi A549 bang thir nghiém MTT. Cac két qua cho thdy céc gid tri ICso thu dugc trén
dong t€ bao nay & cac thai diém 48 va 72 gid, lan luct la 645,65 & 1,88 wg/mL va 767,36 £ 1,04
1g/ mL. Ngoai ra, cao chiét SS7-EA cling Uc ché kha nang di dong clia té bao A549 khoang 4 lan,
trong thdr nghiém khép vét rach. Cac két qua tir bai bao nay tao ca s& dé tiép tuc md réng nghién
cliu chiing xa khudn Streptomyces sp. SS7, xac dinh va phan lap cac hap chat bién dudng thir cap
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c6 hoat tinh sinh hoc hé trg diéu tri ung thu.

Tur khoa: Streptomyces sp. SS7, Crinum latifolium, hoat tinh khang ung thu, ung thu phéi.

MG PAU

Xa khuén Streptomyces sp. 1a vi khuin Gram duong
v6i b gene giau G-C. Chung ¢6 cdu truc dang sgi
va hinh thtc sinh san bing bao t& v6 tinh, nhiét d¢
ting trudng thich hgp trong khoang 25 - 30°C!-3.
Xa khudn Streptomyces sp. giti mot vai trd quan
trong trong nganh cong nghiép dugc phim, san xuit
gan 80% cac hgp chdt c6 hoat tinh sinh hoc hién

tai4.

Xa khudn c6 kha nang san xudt nhiéu hgp
chat thi cdp v6i da dang cdc hoat tinh nhu khéng
khuén, khang virus, khang oxi héa, tic ché mién dich,
dic biét 1a kha ning khing ung thu'. Ngoai ngudn
phén 1ap thong thuodng ti dét, xa khudn ciing dugc
tim thdy & cdc moi trudng khéc nhu bién siu, trim
tich, sa mac, nui ltfa, riing ngdp min. Dic biét, moi
trudng song khic nghiét véi ap luc chon loc cao 1a
yéu t8 quan trong thuc ddy xa khudn san xuit ra
nhiing hop chét bién dudng thi cip nhu mot co
ché tu bao v¢°, trong s6 d6 c6 nhiing hop chit c6
céu truc doc dao nhu spiroindimicin A, indimicin,
grincamycin, lobophorin, anthracimycin, sungsan-
pin, chaxalactin,... 6, Tuy nhién, viéc ti€p cdn nhiing

moi trudng ty nhién khac nghiét d€ thu thap mau va
phén 1ap xa khuén ciing 13 mét thach thitc d6i véi cac
nha khoa hoc.

Pang chua vy, gin day,

nguén phan lap

Streptomyces sp. ndi sinh trong ciy thudc cling
dang dugc quan tdm nghién ctu, la ngudn tiém
nang cho viéc tim kiém, phat hién cic hop chat
v6i da dang hoat tinh sinh hoc’~!!. Mot trong s6
d6 c6 cu triic méi va doc ddo phai ké dén nhu
cycloheximide,

actiphe-nol, diketopiperazine,

vinaceuline cyclodipeptides,actinomycin-D, SPE-
B11.8 ((Z)-tridec-7-ene-1,2,13-tricarboxylic acid) va
pluramycin 271>, Xa khu#n n¢i sinh trong mé thuc
vat khong gay hai cho cay, ngugc lai chung gitup
thiuc ddy cdc con dudng chuyén hda hgp chit thu
cép, thuc ddy hé théng dap ung cic phan tng stress,
gép phan bao vé vit chu séng sot khoi cic tc
nhan gay hai '°. Xa khudn ndi sinh trong mo thuc
vt ¢6 thé dugc phén lap tii cdc miu ré, 14 hodc than
cdy. Sau d6, cic mdu mo dugc chia thanh cic mau
nho, dugc tiét trung bé mit miu, nghién trong
dung dich va phén lap xa khudn trén méi trudng dinh
dudng bing phuong phap phit hop'”. O Viét Nam
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c6 mot s6 nghién cttu vé€ xa khuén ndi sinh tit cic mo
thuc vat nhu cy Qué? , Trinh nit hoang cung,... '
Trong nghién ctiu ctia Truong Minh Phung va cdng
su (2017), xa khuén Streptomyces sp. SS004 noi sinh
trong cay Trinh nt& hoang cung cho thdy dic tinh
khang Bacillus subtilis, Candida albicans, Escherichia
coli, va Salmonella enteritica'®. Tuy nhién cho dén
hién tai chua c6 nghién ctiu vé hoat tinh khang ung
thu ctia xa khudn phan lap tir loai cay nay. Do do,
trong nghién cttu nay, ching xa khudn Streptomyces
sp. SS7 phén l4p ti ré cay Trinh ni hoang cung dugc
cung cép bdi Trung tim Nghién cu va Ung dung
sinh hoc sé dugc tién hanh khdo sat ban dau hoat tinh
khéng ung thu trén dong t€ bao ung thu phéi ngusi
nudi cdy in vitro.

VAT LIEU VA PHUONG PHAP

Nguén vat liéu

Chung xa khuén Streptomyces sp. SS7 dugc phén lap
tit ré ciy Trinh nt hoang cung va dugc cung cip bai
Trung tdm ghién ctiu va Ung dung inh hoc. Dong
té€ bao A549 st dung trong nghién cttu ¢6 nguén géc
tit ATCC (American Type Culture Collection) (ATCC
CCL-185).

Chung xa khudn Streptomyces sp. SS7 1a chung xa
khuén ndi sinh & ré ciy Trinh ni hoang cung. Quy
trinh phan 14p xa khudn noi sinh dugc tham khdo tit
mot céng bé trude clia Qin va cong su nam 2009 19,
Quy trinh phén 1ap, lam thuin dugc thuc hién nhu
saw: Xt Iy so b mau thu thip bang nudc cat déloai bo
tap chdt, sau d6 bao quan trong tui zip v6 trung. Riia
mau thu thép bing dung dich 1% ctia tween-20 va rtia
lai bang nudc cat vo trung. Ngam bing nudc javel 5%
trong 5 phut va chuyén sang dung dich sodium thio-
sulfate 5% trong 10 phut d€ trung hoa tac dong ctia
nudc javel. Rua bing dung dich ethanol 70% trong 5
phut va nudc cét vo trung. Riia mau bing dung dich
sodium bicarbonate 10% trong 10 phut va dé kho tu
nhién. Nghién nat mau véi dung dich nuéc mudi vo
trung 0,9% dé gidi phéng céc chiing xa khudn noi sinh.
Céy trai dich nghién trén moi trudng SFM bd sung
nalidixic acid 30 pg/mL, cycloheximide 50 pg/mL va
nystatin 50 pg/mL. U trong diéu kién 28-30 °C trong
5-7 ngay. Quan sit hinh thai khudn lac ctia xa khudn
theo thdi gian nudi cdy. Qua trinh phén 1ap ciing ¢
thiét 14p mau d6i chiing 4m 1a dich rita cia méu ré ciy,
song song v6i mau phéan 14p 14 dich nghién nat cua
mau ré ciy. Ca hai miu nay cing dugc cly trai trén
moi truong SFM va quan sét sy phat trién ctia khuén
lac, két qué cho thdy khuén lac xa khudn chi phit trién
6 mau phén 14p, khong thiy & mau d6i chiing am. Viéc
dinh danh xac dinh Streptomcyes sp. SS7 dua trén dac
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diém vé mau sic ctia khuén ty co chit, mau sic cta
khuén ty khi sinh, hinh thai khudn lac theo hé théng
International Streptomyces Project (ISP), kich thuéc,
cdu truc ctia chudi bao ti chyp duéi kinh hién vi SEM,
dic diém sinh hda cta té bao va trinh ty 16S rRNA
(di liéu chua cong bo). Dich nudi cdy chung Strep-
tomyces sp. SS7 da dugc thit nghiém hoat tinh
khang khudn ¢ néng d6 1 va 10 mg/mL trén 6 ching vi
khuén da khang khéng sinh hién nay (ESKAPE),
tuy nhién khong thé hién hoat tinh khang dd6i véi
cdc vi khuén nay (di liéu chua cong bd).

Thu nhéan cao chiét tir dich méi truong nudi
cdy xa khuan Streptomyces sp. SS7

Quy trinh nuoi cdy Streptomyces sp. SS7 dugc tham
khao tif cdc nghién ctu trudc véi mot s6 diéu chinh
nh620-22. Pau tién, cic khuin lac don cta chung
nay trén moi trudng SFM agar (Manitol 20 g/L (Hi-
media, An D9); bot diu nanh 20 g/L (Viét Nam);
agar 20 g/L (Xilong, Trung qudc)) dugc cdy chuyén
vao mdi truong LB dang long (tryptone 10 g/L
(Himedia, An Do), cao nim men 5 g/L (Merck,
biic), NaCl 10 g/L (Xilong, Trung Qudc)), nudi cdy
lac 200 vong/phit trong 24 h & 30 °C. Sau d6 dich
nudi cdy nay dugc bs sung tiép tuc véi ti 1¢ 5% (v/v)
vao moi truong FM3 long (cao ndm men 5 g/L
(Merck, btc), tinh bot 20 g/L (Xilong, Trung
Qudc), bot dau nanh 15 g/L (Viét Nam), peptone 2
g/L (Merck, Piic), calcium carbonate 4 g/L (Xilong,
Trung Quéc), NaCl 18 g/L (Xilong, Trung Quéc, pH
7,0) va nuoéi cdy lic trong vong 5 ngay & 30 °C. Sau
quaé trinh nuoi, dich moéi trudng duge li tim 10.000
vong/phit trong 10 phut d€ loai bo sinh khéi valoc
v trung, sau d6 tach chiét bing dung moi ethyl
acetate (Xilong, Trung Qudc) (SS7-EA) tilé 1:1 (v/v),
lic manh va dé€ diing trong 24 h d€ dung dich tich
thanh hai pha?*?*, Pha dung méi hiiu co dugc thu
nhan va qua trinh chiét dugc 13p lai cho dén khi mau
ctia dung moi khong ddi. Tiép theo d6, cao chiét dugc
c6 quay & nhiét d¢ 45 °C trong 20-25 phut d€ 1am bay
hoi dung moi (ti 1€ c6 ddc 1:200, v/v). Quy trinh nudi
cdy va chiét cao dugc 1ap lai ba 14n. Toan bo dich cao
chiét sau c6 quay dugc dong kho, cin va hoa tan vao
dung moéi DMSO (99,9%, v/v) (Merck, biic), sau dé
bao quan & nhiét d¢ -80 “C cho dén khi tién hanh céc
thti nghiém.

Nuéi cay té bao

Dong té€ bao ung thu phéi A549 dugc nudi cdy trong
dia 60 mm (SPL, Han Qudc) stt dung moi trudng
DMEM-F12 (Sigma Alrich, Ptic) b6 sung 10% huyét
thanh thai bo (FBS) (Sigma Alrich, Ptic) va dung
dich khang sinh 1X (100 U/mL penicillin, 100 zzg/mL
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streptomycin, 250 ng/mL amphotericin B) (Sigma Al-
rich, Diic). Méi trudng nudi dugc thay méi 2-3 ngay.
Té bao dugc cdy chuyén khi mat do dat 80-90% dién
tich bé mat dia nuoi. Diéu kién nudi cdy 1a 37 °C, 5%
CO;,, 6 dm 85-90% trong t nudi t€ bao (Esco, Sin-
gapore).

Thi nghiém déc tinh trén té€ bao bang
phuong phap MTT
Thit nghiém d¢c tinh t€ bao bang phuong phip MTT,
thudng dugc sti dung cho muc dich sang loc cac cao
chiét c6 tac dong tic ché d6i véi t€ bao ung thu. S6
lugng 1 x 10* t& bao trong 100 uL mdi trudng nudi
dugc cdy vao moi giéng ctia dia thii nghiém 96 giéng
(SPL, Han Qudc). Cac t€ bao dugc t qua dém cho
su bam trai, sau d6 moi trudng cit dugc thay bing
100 L mdi trudng méi ¢é bd sung cao chiét & cac
nodng do. Cao chiét sé dugc thi nghiém trén mot day
cdc néng do tu 3,9 ug/mL dén 1000 pg/mL nham
xac dinh gid tri n6ng d6 tc ché ting trudng té€ bao
50% (ICsq) ctia cao chiét, dong thoi néng do DMSO
cudi cung trong giéng dugc ddm bao khong vugt
qué 0,1% (v/v). Giéng dé6i chiing 4m dugc thuc hién
tuong tu, khong bé sung cao chiét ma b6 sung DMSO
0,1%. Giéng chiing trang ciing dugc thiét 1ap tuong
tu nhung khong cé t€ bao. Pia thi nghiém dugc
trong t nudi trong cac khoang thoi gian khao sat (24,
48 hodc 72 gi®) va doc két qua bing phuong phép
MTT. Trong phuong phép nay, 5 uL dung dich MTT
(5 mg/ml) (Sigma Alrich, Dtic) dugc bd sung vao moi
giéng thti nghiém va 0 trong ti nudi trong vong 4 gio.
Tiép theo d6, 60 pL dung dich buffer A [30% (w/v)
SDS; 0,03 N HCI] va 90 uL dung dich buffer B [99,9%
(v/v) DMSO ] dugc b sung vao méi giéng déli giai té
bao va hoa tan tinh thé formazan [25]. Mét 0 quang
ctia mdi giéng dugc do bing méay doc dia 96-giéng &
buéc séng 550 nm >,
Phén trdm tc ché ting trudng cta cao chiét trén moéi
dong té bao dugc tinh bang cong thiic:
Phén tram tc ché ting trudng té bao (1%) =
( 1 ODygigng thir nghiém — ODgiéngchfxngtrz‘mg) 2 100

ODgiéng chitngam — ODgiéng ching tring

Thir nghiém kha nang khang di déng cua té
bao bang phuong phap khép vét rach

Céc té bao A549 dugc cdy vao dia 24 giéng v6i mat do
t&bao 5 x 107 t&€ bao/mL. Céc dia thi nghiém dugc
dit trong ti nuoi té€ bao (37 °C, 5% CO;) qua dém
cho sy bam dinh cta té€ bao vao bé mit nudi cdy. Sau
dd, moi trudng cit dugc loai bo, 570 uL moi truong
méi + 30 L mitomycin-C (n6éng d6 dugc khao sat)
(Abcam, UK) dugc thém vao mbi giéng, sau do dia

dugc dé trong ti nuodi trong vong 2 gid. K& tiép, mot
vét rach & gitta 16p don t€ bao don dugc tao ra bing
dau tip 200-pL, ria giéng véi dung dich dém PBS,
sau d6 moi truong cii dudc thay bing moi trusng
chtia 0,5% huyét thanh, bg sung cao chiét SS7-EA &
nong d6 600 wg/mL. Déi chiing am dugc xt 1i tuong
tu nhung thay cao chiét bang 0,1% DMSO. Hinh dnh
vét rach dugc chup bing kinh hién vi camera Nikon
Eclipse Ti-U (Nhat Ban) tai mdc théi diém 0 va 48
giv, sau d6 dugc xtt li bing phdn mém Image] (Plug-
gin>Macros>Install>Wound_healing_size_tool.ijm)

dé nhén dién dudng vién ctia vét rach va tinh todn
dién tich vét rach ty dong bing phan mém ImageJ >°.
Dién tich vét rach dugc ghi nhan & thoi diém 0 va 48
gid, sau do tinh toan phan trdm khép vét rach (W%)
nhu cong thic bén dudi, so sanh giia mau c6 va
khong c6 xti Ii cao chiét?”28,

Aoh — A4sh

Phén tram khép vét rach (W%) = ( ry ) x 100
oh

Trong dé Agy,: Dién tich vét rach tai thoi diém 0 gio,
Aygy,: Dién tich vét rach tai thoi diém 48 gis

Thir nghiém kha nang gay déc ciia cao chiét
SS7-EA lén dong té€ bao than binh thuéng
Vero

Cac t€ bao Vero dugc cdy vao dia 96 giéng véi mat do
t€bao 5 x 10° t& bao/mL, tuong tu v6i mat do t€ bao
trong thit nghiém khép vét rach. Sau khi t€ bao bam
trai, moi truong ci dugcloai bo, 95 ul moi trudng méi
+ 5 uL mitomycin-C (néng do cudi 1 ug/mL) dugc
thém vao mdi giéng, d€ u trong tt nudi trong vong
2 gid, sau d6 moi trudng trong giéng dugc thay bing
moi trudng chita 0,5% huyét thanh, bs sung cao chiét
SS7-EA & nong d6 600 ug/mL. Déi chiing am dugc
xt li tuong tu nhung thay cao chiét bang 0,1% DMSO.
Sau48 gig 4, 5 uL dung dich MTT (5 mg/mL) dugc bd
sung vao mdi giéng thtt nghiém va u tiép trong vong
4 gi6. Sau d6, 60 uL dung dich buffer A (30% (w/v)
SDS, 0,03 N HCI) va 90 uL dung dich buffer B (99,9%
(v/v) DMSO) dugc b6 sung vao mbi giéng dé li giai
t& bao va hoa tan tinh thé formazan>>. Mat d6 quang
ctia moi giéng dugce do bang may doc dia 96-giéng &
budc séng 550 nm va tinh todn gid tri phdn trim tc

ché ting trudng té bao nhu da trinh bay & trén?°.

Pinh lugng tuong ddi biéu hién gene bing
qRT-PCR

Céc té bao A549 duoc xti li cao chiét SS7-EA theo
quy trinh tuong ty nhu tht nghiém kha nang di dong
clia té€ bao bing phuong phép vét rach. Sau 48 gis 0,
RNA t6ng s6 tui cac t€ bao A549 dugce tach chiét bing
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kit FastPure Cell/Tissue Total RNA Isolation Kit V2
(Vazyme, Trung Qudc). Sau d6 500 ng RNA t6ng s&
dugc phién ma ngugc tao cDNA bang kit HiScript
III 1st Strand cDNA Synthesis Kit (Vazyme, Trung
Qudc). Tiép dén, phan ting qPCR dugc thiét lap st
dung SensiFAST™ HRM Kit (Bioline, UK) st dung
1 uL cDNA khuon va méi bét cip dic hiéu gene muc
tiéu (nong d6 moi cudi trong phan ting 250 nM) (Phu
Sa, Viét Nam). Cac phan tng PCR dugc thuyc hién
trong may Roche LightCycler® 96 Instrument (Roche
Diagnostics, Dtic). Piéu kién luin nhiét nhu sau: 1
chu ki 6 95°C trong 3 phut, 40 chu ki v6i 95 °C trong
5 gidy, 55 °C trong 10 gidy, 72 °C trong 10 gidy. Trinh
tu méi dugc tham khao tli cac nghién ctiu truge 734,
EZR (F): 5-GCTTTTTGATCAGGTGGTAAAGACT

EZR (R): 5-TCCACATAGTGGAGGCCAAAGT
FSCN1 (F): 5-AGCTGCTACTTTGACATCGA
FSCN1 (R): 5-TCATGAGGAAGAGCTCTGAGT

VIM (F): 5-TGTCCAAATCGATGTGGATGTTTC
VIM (R): 5-TTGTACCATTCTTCTGCCTCCTG
ZEB2 (F): 5-TCTCGCCCGAGTGAAGCCTT ZEB2
(R): 5-GGGAGAATTGCTTGATGGAGC TWIST1
(F): GGCTCAGCTACGCCTTCTC TWIST 1 (R):
TCCTTCTCTGGAAACAATGACA MMP9  (F):
GGTTCAGGGCGAGGACCATAGAG MMP9
(R): TTTGACAGCGACAAGAAGTGGG; CDH2
(F): TGAAACGCCGGGATAAAGAA; CDH2 (R):
GGCTCCACAGTGTCAGGCTG ACTB (F): 5-
TCCTGTGGCATCCACGAAACT ACTB (R): 5-
GAAGCATTTGCGGTGGACGAT. Gene ACTB
dugc stt dung nhu gene tham chiéu & cdc mau. Ti 1é
biéu hién gene gitia mau co xt ly so v6i mau khong
XU ly cao chiét SS7-EA dugc tinh todn béing cong
thiic 2744,

XU li di¥ liéu va théng ké

Viéc xti li dit liéu va thong ké dugc thuc hién béing
phan mém GraphPad Prism. D liéu tii cac lan lap lai
thi nghiém doc l4p dugc biéu dién duéi dang Gid tri
trung binh + d¢ léch chuén (SD). D6 thi tuong quan
gittalog nong d6 cao chiét va gid tri 1% dugc biéu dién
dudi dang d6 thi hoi quy phi tuyén tinh (nonlinear
regression). Gia tri ICs5y dugc phdn mém GraphPad
ndi suy tit d6 thi nay véi do tin cdy 95%. So sanh sy
khdc biét gia tri trung binh ctia hai nhém thi nghiém
dugc thuc hién bang théng ké two-tailed Student’s t-
test. P < 0,05 dugc xem la su khac biét ¢ y nghia vé
mat thong ké.

KET QUA VA THAO LUAN
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Kha néng gay déc cua cao chiét SS7-EA trén
cac té bao A549

Chung xa khuén Streptomyces sp. SS7 khi nudi cdy
trén moi truong SFM agar ¢6 hinh thai khuén lac tron,
kho, viing ria khong déu véi cac khudn ti khi sinh moc
lan, ving tim mau xdm dam so véi ria (Hinh 1A).
Khi quan sat dudi kinh hién vi, vach t€ bao cta cac
khuan ti ctia xa khu4n bit mau xanh tim ctia thudc
nhudm gram crystal violet, mét dac diém dac trung
ctia vi khuén Gram duong (Hinh 1B).

Sau khi dugc nudi cdy trén mdi trudng SFM agar,
khuén lac dugc cdy chuyén lan lugt vao cic moi
truong long 1a LB va FM3. Tiép dd, dich méi trudng
FM3 da qua nuoi cdy dugc chiét véi dung moi ethyl
acetate (EA), sau d6 c6 quay va déng kho dé thu dugc
cao chiét $S7-EA. O néng dd cao nhét 1000 pug/mL,
tac dong tic ché kha nang tang trudng t€ bao A549
ctia cao chiét SS7-EA dugc thé hién sau 24 gis u (1%
= 37,82%), dat dugc kha ning gy doc cao nhit sau
48 gid (1% = 84,10%) va biéu hién gidm tai mdc thoi
diém 72 gid (1% = 68,12%) (Hinh 2A). D4i v6i nong
d6 500 pg/mL va cac nong do thdp hon, tac dong gay
doc té bao giam dang ké v6i 1% < 50% tai ca ba méc
thoi diém (Hinh 2A). Gia tri ICsq ctia cao chiét SS7-
EA trén t€ bao A549 & thoi diém 24, 48 va 72 gio lan
lugtla > 1000 pg/ml, 645,65 + 1,88 ug/mlL, va 767,36
+ 1,04 ug/mL (Bang 1).

V& mit hinh thai té bao, d6i véi té bao A549 ddi chiing
khong dugc xt 1i cao chiét, cic té€ bao bam trai véi
hinh dang dic trung, mang t€ bao nguyén ven (Hinh
2B). O noéng d6 SS7-EA cao nhét (1000 pg/mL), su
thay d6i bat thuong vé cic dac diém hinh thai ctia
t€ bao A549 dugc ghi nhan & thoi diém 48 va 72 gi
(Hinh 2B). Tl n6ng d6 500 pg/mL trd xudng, t&€ bao
khong thdy co su thay d6i dang k€ vé mit hinh thai
khi so sanh v&i mau d6i chiing khong xt i

Trong cac nghién ctiu trudc, cao chiét ethyl acetate
dich méi truéng nuoi cdy chiing xa khuén phan 1ap tu
dat (Streptomyces lavendulae SCA5) cho gia tri ICsg
200 pg/mL khi tht nghiém trén dong té€ bao ung
thu phdi A549 3%, hoic tli bién (Streptomyces parvulus
VITJS11) véi ICso 500 pg/mLtrén dong t€ bao ung
thu gan HepG2 *°, hay xa khudn Streptomyces sp. BO-
07 ndi sinh trong ciy thudc Boesenbergia rotunda (L.)
Mansf A. c6 gia tri ICsy duéi 100 pg/mL trén nhiéu
dong t€ bao ung thu gan va ¢4 tti cung (HepG2, Huh?7,
HeLa)%’. Vi thé c6 thé thiy mic du thé hién hoat
tinh tc ché ting trudng trén dong té€ bao ung thu phéi
nhung tiém ning tic ché tang trudng t€ bao clia cao
chiét SS7-EA khong cao khi so sanh véi cac nghién
ctiu khédc. Tuy nhién céc két qua nay cung cp cac di
liéu dédnh gid ddu tién vé hoat tinh khang ung thu cua
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(A) (B)

Hinh 1: M6t s6 dac diém clia Streptomyces sp. SS7. (A) Hinh thai khuén lac cia chiing xa khuén Streptomyces sp.
SS7 nudi cay trén moi trudng SFM agar. (B) Hinh thai khuan ti ctia xa khuan Streptomycessp. SS7 sau nhuém Gram
quan sat dudi kinh hién vi @6 phéng dai 1000x. [Nguén: Nhém tac gial

Bang 1: Gia tri ICso thu nhan dugc trén dong té bao A549 tai cac méc thai diém [Nguén: Nhém tac gial

Noéng do tc ché 50% su tang trudng té bao (IC50) (ug/ml )

Modc thoi diém Dong t€ bao
A549
SS7-EA 24h > 1000
48h 645,7
72h 767,4
Doxorubicin 48h 5,0

xa khuén noi sinh trong cay Trinh ni hoang cung né6i
chung va chiing xa khuén SS7 néi riéng, do hién tai
khong c6 nhiéu cong b vé Streptomyces sp. noi sinh
trong loai cay nay.

Néng dé mitomycin-C cho thi nghiém kha
nang khép vét rach

Mot trong nhiing van dé trong di€u tri ung thu hién
nay la su di can ctia khéi u, chiém 90% s6 trudng hgp
tli vong do ung thu*® . Do d6, cic nghién ctiu hién tai
dang nd luc tim kiém cdc hgp chat c6 kha néing tic ché
su di dong ctia té bao ung thu, trong d6 su di dong cua
té bao dugc xem la budc dau tién ctia qua trinh xadm
l4n, di can. Trong cdc mo hinh thi nghiém in vitro,
mod hinh khép vét rach thudng dugc st dung nhét cho
thti nghiém sang loc hoat tinh khang su di dong ctia t&
bao*’, do d6 viéc st dung md hinh nay d€ thii nghiém
hoat tinh ctia cao chiét SS7-EA. Mitomycin C (Mito-
C) 1a mot chit tic ché t6ng hgp DNA nham han ché sy
ting sinh cia té bao*°. Trong thii nghiém kha ning di
dong khép vét rach cta té bao, Mito-C thudng dugc
st dung d€ han ché su ting sinh cua té bao, ddm bao
loai trit kha nang su khép vét rach trong thi nghiém

nay dén tit sy ting sinh va m& rong ctia quin thé*h
2

Néng d6 Mito-C qua cao c6 kha ning giy doc t€ bao,
trong khi néng d6 thip c6 thé khong du dé€ vc ché
tang sinh té bao. Do d6 viéc khéo sat chon ra ndng do
Mito-C phu hgp dé viia c6 thé tic ché tang sinh té bao,
viia khong gay doc, dam bao kha nang di dong ctia cac
té€ bao thuong dugc khuyén khich trude khi tién hanh
thti nghiém khép vét rach*"*2, Viéc t6i tu héa néng
dd Mito-C cho thtt nghiém kha nang khép vét rach
dugc thit nghiém & ba nong do: 1, 2 va 4 ug/ml, sau
do6 stic s6ng té bao duge danh gid & cic mdc thoi diém:
0,24 va 48 giv. Mat do ctia té bao dugc danh gid thong
qua gia tri ODss50,,, ctia thit nghiém MTT, trong khi
hinh thai té bao dugc quan st duéi kinh hién vi tai
cac mdéc thoi diém.

Nhu thé hién trong Hinh 3A, déi v6i néng do Mito-
C 4 pg/mL, mit do t€ bao A549 gidm dén theo thoi
gian so v6i moc thoi diém 0 gio (p = 0,048 < 0,05 tai
48 gi®). Do do, nong do nay khong duge chon cho
thti nghiém kha nang khép vét rach. D6i v6i ndng d6
Mito-C 1a 2 ug/mL, mat do t€ bao A549 ciing giam
tai thoi diém 48 gio khi so sanh véi 0 gio (p = 0,047
< 0,05). Doi véi nong do Mito-Cla 1 pug/mL, gia tri

3602



VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(1):3598-3611

(A)
A549 — 24h A549 - 48h A549 - 72h

—
-
=
R
~
et
=

1 2 3 4
Log(néng d3)

=
-

Phén tram (rc ché ting
tredng té bao (%)

truéng té bao (%)

1 2 3
Log(néng da3)

3

]

Phén tram (rc ché tang
trréng té bao (%)
2
—
ot
H
L
=]
-
Phén tram trc ché ting

* Thanh thwéc: 50 pm

Hinh 2: Anh huéng gay doc clia cao chiét SS7-EA 1én dong té bao ung thu phéi ngudi A549 sau cac khoang thai
gian U 24, 48, 72 gid. (A) Kha nang Uc ché tang trudng té bao clia cac néng dd cao chiét SS7-EA. (B) Hinh thai té
bao khi dugc xt li véi cao chiét SS7-EA & cac néng do. (D liu dugc thé hién & dang trung binh =+ d6 léch chuan
(n =3). BC: DGi chiing khong x{ li véi cao chiét. Thanh thudc: 50 um) [Nguon: Nhém téc gial
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(A)
Mitomycin-C (4 pg/ml) Mitomycin-C (2 pg/ml) Mitomycin-C (1 pg/mi)
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Hinh 3: Anh hudng clia ndng dé mitomycin-C Ién stic s6ng clia té bao sau 24 hoac 48 gia . (A) Anh hudng clia cac
néng d6 mitomycin-C 1én mat do té bao thé hién qua gia tri mat d6 quang (OD) trong thir nghiém MTT. (B) Anh
huéng clia cdc néng d6 mitomycin-C Ién hinh thai té bao quan sat dudi kinh hién vi sau 48 gid 0. (D{t liéu dugc thé
hién & dang trung binh & dé léch chuan (n = 3). So sanh dugc thuc hién b&ng phép théng ké two-tailed Student’s
t-test, ns, p > 0,05, *p < 0,05. BC: D8i chiing khéng x{ li vdicao chiét. Thanh thudce: 50 wm) [Nguén: Nhém téc gidl

ODs50,,, Khong thay d6i & ca hai thoi diém 24 va 48
gid (p > 0,05), chiing to stic sdng cua té€ bao khong bi
anh hudng khi xtt Iy bang Mito-C  néng d6 1 pg/mL.
Ngoai ra tai néng do 1 ug/ml nay, cac t€ bao A549
dugc xt ly Mito-C cho thdy kha nang bam dinh t6t
vao bé mat nudi cdy, mit do tuong tu nhu cic t€ bao
ctia 16 d6i chiing am khéng xt ly Mito-C (Hinh 3B).
Do d6, néng d¢ Mito-C 1 ug/mL da dugc stt dung cho
thtt nghiém khép vét rach d€ ngén sy ting sinh té bao
A549 ma van dam bao Mito-C khong gy anh hudng
dén stic s6ng cta té€ bao.

Kha néng tic ché su di dong clia té bao A549
dudi tac dong ctia SS7-EA

Két qua thtt nghiém kha nang di dong ctia té bao A549
cho thdy, d6i v6i quan thé t€ bao A549 khong xu i
cao chiét tai thoi di€ém 48 h, kha ning di dong ctia cac
té bao dugc ghi nhén véi phan tram khép vét rach 1a
25,24%, trong khi phan tram khép vét rach cta cac
té bao A549 dugc xu li v6i cao chiét SS7-EA nong do
600 pg/mL la 5,88%, thdp hon 4,29 14n so v6i mau

d6i chiing khong xtt li (p = 0,0087 < 0,05). Trong
mot nghién ctiu trudc ctia Prateek Kumar va cs (2021),
dich chiét chting xa khuén Streptomyces sp. 196 cling
cho théy kha nang tic ché sy di dong ctia t€ bao ung
thu phdi A549 khi dugc thit nghiém & day nong do
tt 100 dén 1000 pg/mL, cu thé 6 néng d6 100 ug/mL
c6 kha nang tic ché 5,1 14n kha ning di dong cta té
bao tai méc thoi diém 48h*®. Trong mot nghién ctiu
khac, cao chiét ethyl acetate moéi trudng nudi xa khudn
Streptomyces sp. 801 cling cho thdy kha nang tic ché sy
di dong cuia cic t€ bao ung thu dai tryc trang SW480
va HCT116 khi dugc thi nghiém & cic nong do 861
va294 p1g/mL>*. Do d6, cac két qua dat dugc cho thdy
cao chiét SS7-EA c6 kha néng tic ché sy di dong ctia
cdc t€ bao ung thu phdi A549, goi y vé sy hién dién
cta hgp chét khang su di dong t€ bao ung thu hién
dién trong cao chiét.

Nhiéu nghién ctiu trude day cing da phan lap dugc
cdc hgp chit c6 hoat tinh khéng su di dong t€ bao ung
thu tit moi trudng nudi cdy xa khuén. Thi du nhu hgp
chét saquayamycin B phan lap tu Streptomyces sp. ¢
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ngudn gdc bién, cho thiy hoat tinh tic ché sy di dong
clia té bao ung thu vii di cin MDA-MB-231%, hay
hgp chét thudc nhém furan dugc sdn xudt bsi Strep-
tomyces sp. VN1, phan lap tii dit & 46 sau 4 mét dudi
mat nudc bién, ciing cho thdy hoat tinh tc ché sy di
dong trén té€ bao ung thu da day AGS*>. Ngoai cic
hop chét tit xa khudn bién, mot s6 hgp chit khac nhu
migracins A va B dugc tao ra bgi xa khuén phén lap tu
cdc mau dit cling cho théy hoat tinh tic ché sy di dong
clia té bao ung thu via . C6 thé nhan thdy khi so sénh
vGi cdc xa khuédn ¢ nguén géc tu dat hodc bién, s6
lugng cic nghién ctiu vé€ xa khudn noi sinh trong cay
thudc van con han ché. Trong mét nghién cliu nam
2023, JY Xue va cong su da bdo cdo cac hgp chit an-
thraquinone tit xa khuén phan l4p dugc & ré cdy Tam
thét [Panax notoginseng (Burk.)] c6 hoat tinh tic ché
su di ddng cua té€ bao ung thu phdi A549 va ung thu
vt MCF-7%7. Mot nghién ctiu khac ctia R Polapally va
cOng sy, ndm 2022 cho thdy phan doan sic t6 melanin
tit xa khudn Streptomyces puniceus RHPR9 phan lap &
vung ré cdy Panax notoginseng (Burk.) ciing c6 kha
néng tic ché su di dong té bao ung thu ¢ tii cung HeLa
tai nong d6 10 ug/ml48. Mic du s6 lugng cac nghién
cttu con it nhung xa khuén phén l4p tii cay thu6e ciing
c6 thé la mot nguodn tiém ning dé€ tim kiém céc hop
chat c6 hoat tinh khang su di dong cta t€ bao ung
thu. Trong bai bdo nay, cao chiét ethyl acetate tit dich
moi trudng nudi cdy chung xa khudn Streptomyces sp.
SS7 phén 14p tu cay Trinh ni hoang cung (Crium lat-
ifolium) cho thdy hoat tinh tc ché kha nang di dong
ctia t€ bao ung thu phdi, do d6 day c6 thé 1a nén tang
cho viéc mé& rong nghién ctiu, xac dinh va phan lap
hop chét c6 hoat tinh hd trg diéu trj ung thu.

Bén canh dd, khi xt li cac t€ bao biéu md than binh
thudng Vero véi cao chiét SS7-EA tai nong do 600
ug/mL cho thdy cao chiét khéng c6 anh hudng gay
doc 1én t€ bao biéu mo than, thé hién qua gia tri do
OD trong thtt nghiém MTT so sanh gitfa mau c6 va
khong ¢6 xti 1y cao chiét (p > 0,05) va hinh thai té bao
khi quan sat dudi kinh hién vi, v6i gié tri phan tram tc
ché su tang trudng té bao Vero 1a 1,3% (Hinh 5). Theo
tiéu chudn ISO-10993-5, trong thit nghiém sang loc
doc tinh té bao, gia tri phan tram tc ché ting trudng
té€ bao 16n hon 30% thi d6i tugng thit nghiém dugc
xem la c¢6 kha nang giy doc t€ bao. Do d9, véi két qua
nay, cao chiét SS7-EA tai néng d6 600 pg/mL c6 kha
néng tc ché su di ddng ctia t€ bao ung thu phéi A549
dén 4,29 14an, trong khi khong giy doc trén té bao biéu
mo thén binh thudng, két qua nay cho théy tiém ning
trong viéc tiép tuc nghién ctiu cdc hgp chat hién dién
cao chiét SS7-EA dong gbp vao hoat tinh khang su di
dong ctia t€ bao ung thu phoi.
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Anh huéng ciia cao chiét SS7-EA l1én miic d6
bi€u hién mRNA ciia té bao A549

Két qua qRT-PCR kiém tra muic d¢ biéu hién ctia mét
s6 gene diéu hoa qua trinh di dong ctia té€ bao (EZR,
FSCN1, VIM) va gene lién quan dén quad trinh chuyén
dang biéu mo-trung md (EMT) cta té€ bao (ZEB2,
TWIST1) cho thdy khong c6 su thay d6i bi€u hién cd y
nghia thong ké gitta mau c6 va khong cé xt li cao chiét
(p > 0,05) (Hinh 6). Tuy nhién, gene MMP9 ma héa
cho protein Matrix metalloproteinase 9 ciing dugc ghi
nhén ¢ su gia ting biéu hién 2,49 1an trong mau c6 xu
li cao chiét khi so sdnh v6i mau déi chiing (p = 0,0204
< 0,05) (Hinh 6). Trong khi d6, gene CDH2, ma héa
cho protein N-CADHERIN, ciing dugc ghi nhan cé
su giam biéu hién 1,53 14n (p = 0,0499 < 0,05) (Hinh
6). Do d6 c6 thé thdy cao chiét SS7-EA da tac dong
lam thay d6i biéu hién ctia cdc gene nay, va sy thay
ddi nay c6 thé lién quan dén co ché tc ché qua trinh
di dong ctia cao chiét dich méi trudng nudi xa khudn
1én t€ bao ung thu.
Gene MMP9
metalloproteinases-9

md hoéa cho protein Matrix
c6 kha
nhiéu phén ti chit nén ngoai bao nhu collagen IV,

ndng phan huay

gelatin, elastin, fibronectin, laminin. Théng thudng
sy gia ting biéu hién cia MMP9 lién quan dén dang
ac tinh cta khoi u, t€ bao ung thu c6 kha ning pha vo
16p mang nén (basement membrane) va di can 490,
Tuy nhién, ghi nhan théy sy ting biéu hién cua gene
MMP9 trong mau xt li v6i cao chiét SS7-EA, trong
khi két qua trong thit nghiém khép vét rach lai cho
théy t€ bao ung thu phdéi A549 bi gidm kha ning di
dong duéi anh huong cua cao chiét, do dé co6 hai
khé nang nhu sau: (i) sy ting bifu hién clia gene
MMP9 la mét dap ting khang cta té bao ung thu
phdi véi tdc dong clia cao chiét, hodc (ii ) su ting
biéu hién ctia chia MMP9 c6 kha nang da gay ra su
phan hily manh cdc protein chat nén ngoai bao nhu
fibronectin, laminin, 13 thanh phén hién dién trong
huyét thanh FBS hd trg cho sy bam cta t€ bao vao
bé mit dia nudi. Do do6 su phan hiy cac phan td nay
c6 thé dan dén tinh trang 1a t€ bao khong con gid
thé dé lién két trong qud trinh di dong, khién cho
kha ning khép vét rach ctia t€ bao bi han ché 1 Cac
phén tt fibronectin, laminin cing hién dién trong
co thé, 1a thanh phin chit nén ngoai bao cua cac
mo trung mo, lién két véi té€ bao ung thu trong qud
trinh di dong xam 14n°2->*, Ngoai ra sy diéu hoa
gidm & muc phién ma ctia gene CDH2, ma hoa cho
protein N-CADHERIN. Su gia ting N-CADHERIN
thuong dugc ghi nhan c6 lién quan dén qua trinh
chuyén dang EMT, sy gia tang xam l4n, di can va
tién lugng x4u ¢ nhiéu loai ung thu, trong d6 c6 ung



VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(1):3598-3611

Mau xir li SSTEA
Déi chirng (600 pg/mi)

* %

Oh

Kha nang khép vét rach (%)

o
L

b6 ss7.EA
chirng

“Thanh thrére: 200

Hinh 4: Anh hudng cda cao chiét SS7-EA |én kha ning di dong clia cac t& bao A549 trong thir nghiém khép vét
rach sau 48 gia 0. (A) Phan tram khép vét rach clia cac té bao A549 sau 48 gid xU li véi cao chiét néng d6600 rg/ml.
(B) Vét rach trén 16p don té bao & thai diém 0 va 48 gid clia cac mau déi chimng va mau xt li cao chiét SS7-EA néng
d6 600 pg/mL. (D liéu dugc trinh bay dudi dang trung binh 4 d6 léch chudn (n = 3). So sanh dugc thuc hién
bang phép théng ké two-tailed Student’s t-test, **p < 0,01. Thanh thudc: 200 um) [Nguén: Nhém tac gial

SSTEA (600 pg/ml)

Vero
1% = 1.3%
ns
0.8+  —
0.6
E
S
2 0.4
o
o
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SS7EA Pbi & 3
chirng *Thanh thwéc: 50 pm

Hinh 5: Anh huéng cla cao chiét SS7-EA (600 pg/ml) Ién stic s6ng clia té bao biéu mé than binh thudng Vero
tai méc thai diém 48h. (D liéu dugc thé hién & dang trung binh + do Iéch chudn (n = 3). So sanh dugc thuc
hién bang phép théng ké two-tailed Student’st-test, ns, p > 0,05. DC: DSi chiing khong xt Ii vdi cao chiét. Thanh
thuéc:50 um) [Nguén: Nhom tac gidl
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Hinh 6: Anh hudng clia cao chiét SS7-EA (600 pg/ml) 1én su biéu hién mRNA cla cac gene diéu hoa qua trinh di
dong cla té bao sau 48h U bang thir nghiém qRT-PCR. (Dit liéu dugc trinh bay dudi dang trung binh £ dé léch
chuén (n = 3). So sanh dugc thuc hién béng phép théng ké two-tailed Student’s t-test, *p < 0,05, ns, p > 0,05)

[Nguén: Nhom tac gial

thu phéi®>°°. Do d6 sy diéu hoa gidm biéu hién ctia
gene CDH2 bdi cao chiét SS7-EA trong té€ bao ung
thu phéi A549 c6 thé 1a mot tin hiéu t6t gép phan
han ché su di dong va chuyén dang 4c tinh cta céic
t€ bao nay. Tuy nhién véi cic két qua kiém tra biéu
hién gene & mtic mRNA van cin thém céc thi nghiém
kiém tra sy biéu hién & cdp d protein nhu Western
Blot, ELISA, hodc thi nghiém knockdown sy biéu
hién moét s6 protein muc tiéu dé€ xdc dinh chinh xéc
hon vé co ché tac dong & miic phan ti cla cao chiét
dnh hudng 1én sy di dong cta té bao ung thu.

V6i nhiing két qua ghi nhén kha nang khang su di
dong té bao ung thu ctia cao chiét SS7-EA, c6 thé can
c6 thém nhiing nghién ctu tiép tuc dé€ khao sit anh
hudng ctia cac diéu kién nudi cdy lén kha nang sin
xudt hgp chat thit cip cta xa khuén, thi du nhu thoi
gian, nhiét d6 nuoi cdy, pH ban d4u va sau nuoi cdy, ti
1¢ cdy giong, t6c d6 lic,... %7, Ngoai ra cac nghién ctiu
tiép theo ciing c6 thé thuc hién thém phén tich phé
hop chat thi cip trong mau cao SS7-EA béing phuong
phép khéi phé theo thoi gian bay (QTOF) dé c6 thong
tin r6 hon vé cac thanh phan hgp chit trong cao chiét,

3607

tién dén phén l4p va khao sat kha nang khéng ung thu
ctia cac hop chit hién dién trong cao chiét ethyl ac-
etate dich moi truong nuéi cdy chung xa khudn Strep-
tomyces sp. SS7.

KET LUAN

Cac két qua khdo sat cho thdy cao chiét ethyl acetate
dich moéi trudng nudi cdy chung xa khudn Strepto-
myces sp. SS7 phan lap dugc tu cay Trinh nii hoang
cung thé hién kha nang gay doc, tic ché ting trudng
cac t€ bao ung thu phéi A549 & nong do trén 500
ug/mL. Bac biét, khi stt dung & nong d6 600 pg/mL,
cao chiét SS7-EA c6 kha nang tic ché sy di dong ctia té
bao ung thu phdi 4,29 1an trong thit nghiém kha ning
khép vét rach. Cac két qua khao sét biéu hién gene cho
théy tac dong tic ché su di dong ctia cao chiét SS7-EA
6 thé lién quan dén sy diéu hoa tang biéu hién 2,49
lan ctia gene MMP9, va sy diéu hoa gidm biéu hién
ctia gene CDH2 1,53 lan. Do d6 nhiéu nghién ciiu
tiép theo cin dugc tién hanh d€ phan lap va xac dinh
céac thanh phan hgp chét trong cao chiét dong gop vao
hoat tinh gy doc t€ bao ung thu phdi, cing nhu lam
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rd hon vé ca ché tic ché sy dong t€ bao ung thu phéi &
cdp d¢ protein, gép phan vao céng cudc tim kiém cac
hop chit méi c6 hoat tinh diéu tri ung thu di can.

DANH MUC CAC TU VIET TAT

OD Optical density

c¢DNA Complementary deoxyribonucleic acid
DMSO Dimethyl sulfoxide

PC Déi chiing

IC50 50% cell-growth inhibitory concentration

I% Cell-growth inhibitory percentage

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide

Mito-C Mitomycin C
qRT-PCR  Quantitative
polymerase chain reaction

XUNG DOT LOI iCH
Céc tac gia dong y khong co bat ky xung dot lgi ich

reverse transcription -

nao lién quan dén cac két qua da cong bo.

PONG GOP CUA CACTACGIA

Truong Thi Bich Ngoc thuic hién thi nghiém, thu thép,
xt ly dii liéu va viét ban thdo, chinh stia ban thao sau
vong phan bién.

Nguyén Luu Minh Hanh thyc hién cic thi nghiém,
thu thap va xt ly céc di liéu.

Tran Hoang Ngau nudi cdy xa khuén, phan tich hinh
thai xa khudn, thu nhén dich méi trudng va chiét cao,
sang loc so bd hoat tinh khang ung thu ctia cao chiét.

V6 Anh Kiét hd trg nudi céy té bao.

Nguyén Hoang Chuong cung cdp chung xa khudn,
dinh huéng nghién ctu.

DPing Thi Phuong Thao dinh hudng nghién ciu, lén
ké hoach nghién ctiu, gép y va hoan chinh ban thao.

TAILIEU THAM KHAO

1. Procépio RE, Silva IR, Martins MK, Azevedo JL, Aratjo JM. An-
tibiotics produced by Streptomyces. The Brazilian Journal of
Infectious Diseases : an Official Publication of the Brazilian
Society of Infectious Diseases. 2012;16(5):466-71. Available
from: https://doi.org/10.1016/.bjid.2012.08.014.

2. Barka EA, Vatsa P, Sanchez L, Gaveau-Vaillant N, Jacquard C,
Meier-Kolthoff JP, et al. Taxonomy, physiology, and natu-
ral products of actinobacteria. Microbiology and Molecular
Biology Reviews : MMBR. 2015;80(1):1-43. Available from:
https://doi.org/10.1128/mmbr.00019-15.

3. Nguyén VTH, Son CK, Tuyén PQ. Phan loai va nghién ctru
d3c tinh cla xa khudn néi sinh YBQ75 phan lap tir cdy Qué
(Cinnamomum cassia Presl). Tap Chi Cong nghé Sinh hoc.
2018;16(1):149-55.

4. Sivalingam P, Hong K, Pote J, Prabakar K. Extreme environ-
ment Streptomyces: potential sources for new antibacterial
and anticancer drug leads? International Journal of Microbi-
ology. 2019;2019(1). Available from: https://doi.org/10.1155/
2019/5283948.

. Shi Y, Zhang X, Lou K.

. Alam K, Mazumder A, Sikdar S, Zhao YM, Hao J, Song C, et al.

Streptomyces: the biofactory of secondary metabolites. Fron-
tiers in Microbiology. 2022;13. Available from: https://doi.org/
10.3389/fmicb.2022.968053.

. Sivalingam P, Hong K, Pote J, Prabakar K. Extreme Environ-

ment Streptomyces: Potential Sources for New Antibacterial
and Anticancer Drug Leads? International Journal of Micro-
biology. 2019;2019. Available from: https://doi.org/10.1155/
2019/5283948.

. Quinn GA, Banat AM, Abdelhameed AM, Banat IM. Strep-

tomyces from traditional medicine: sources of new innova-
tions in antibiotic discovery. Journal of Medical Microbiology.
2020;69(8):1040-8. Available from: https://doi.org/10.1099/
jmm.0.001232.

. Passari AK, Mishra VK, Saikia R, Gupta VK, Singh BP. Isolation,

abundance and phylogenetic affiliation of endophytic actino-
mycetes associated with medicinal plants and screening for
their in vitro antimicrobial biosynthetic potential. Frontiers in
Microbiology. 2015;6:273. Available from: https://doi.org/10.
3389/fmicb.2015.00273.

. Sivalingam P, Easwaran M, Ganapathy D, Basha SF, Poté J. En-

dophytic Streptomyces: an underexplored source with po-
tential for novel natural drug discovery and development.
Archives of Microbiology. 2024;206(11):442. Available from:
https://doi.org/10.1007/s00203-024-04169- z.

. Passari AK, Leo VV, Singh G, Samanta L, Ram H, Siddaiah CN,

et al. In vivo studies of inoculated plants and in vitro stud-
ies utilizing methanolic extracts of endophytic Streptomyces
sp. strain DBT34 obtained from Mirabilis jalapa L. exhibit ROS-
scavenging and other bioactive properties. International
Journal of Molecular Sciences. 2020;21(19):7364. Available
from: https://doi.org/10.3390/ijms21197364.

. Gos FM, Savi DC, Shaaban KA, Thorson JS, Aluizio R, Possiede

YM, et al. Antibacterial activity of endophytic actinomycetes
isolated from the medicinal plant Vochysia divergens (Pan-
tanal, Brazil). Frontiers in Microbiology. 2017;8:1642. Available
from: https://doi.org/10.3389/fmicb.2017.01642.

. Conti R, Chagas FO, Caraballo-Rodriguez AM, Melo WG,

do Nascimento AM, Cavalcanti BC, et al. Endophytic acti-
nobacteria from the Brazilian medicinal plant Lychnophora
ericoides Mart. and the biological potential of their sec-
ondary metabolites. Chemistry {&mp;}lamp; Biodiversity.
2016;13(6):727-36. Available from: https://doi.org/10.1002/
cbdv.201500225.

. Yang X, Yang Y, Peng T, Yang F, Zhou H, Zhao L,

et al. A new cyclopeptide from endophytic Strepto-
myces sp. YIM 64018. Natural product communica-
tions 8(12):1934578X1300801225. 2013;Available from:
https://doi.org/10.1177/1934578X130080122.

Isolation, characterization, and
insecticidal activity of an endophyte of drunken horse
grass, Achnatherum inebrians. Journal of Insect Science.
2013;13(1):151. Available from: https://doi.org/10.1673/031.
013.15101.

. Khieu TN, Liu MJ, Nimaichand S, Quach NT, Chu-Ky S, Phi QT,

et al. Characterization and evaluation of antimicrobial and
cytotoxic effects of Streptomyces sp. HUST012 isolated from
medicinal plant Dracaena cochinchinensis Lour. Frontiers in
Microbiology. 2015;6:574. Available from: https://doi.org/10.
3389/fmicb.2015.00574.

. Théo PTH, Linh NVM, Lién NTH, Tam NKB, NV H. Xa khudn

ndi sinh Streptomyces Parvulus HNR3X4 trén cay Budi Dién
Ha Noi va tiém ning sinh tdng hop chat khang khuan. Tap
Chi Khoa Hoc PHQGHN: Khoa Hoc Ty Nhién va Céng Nghé.
2016;32:327-33.

. Qin S, Li J, Chen HH, Zhao GZ, Zhu WY, Jiang CL, et al. Isola-

tion, diversity, and antimicrobial activity of rare actinobacte-
ria from medicinal plants of tropical rain forests in Xishuang-
banna, China. Applied and Environmental Microbiology.
2009;75(19):6176-86. Available from: https://doi.org/10.1128/
AEM.01034-09.

3608


https://doi.org/10.1016/j.bjid.2012.08.014
https://doi.org/10.1128/mmbr.00019-15
https://doi.org/10.1155/2019/5283948
https://doi.org/10.1155/2019/5283948
https://doi.org/10.3389/fmicb.2022.968053
https://doi.org/10.3389/fmicb.2022.968053
https://doi.org/10.1155/2019/5283948
https://doi.org/10.1155/2019/5283948
https://doi.org/10.1099/jmm.0.001232
https://doi.org/10.1099/jmm.0.001232
https://doi.org/10.3389/fmicb.2015.00273
https://doi.org/10.3389/fmicb.2015.00273
https://doi.org/10.1007/s00203-024-04169-z
https://doi.org/10.3390/ijms21197364
https://doi.org/10.3389/fmicb.2017.01642
https://doi.org/10.1002/cbdv.201500225
https://doi.org/10.1002/cbdv.201500225
https://doi.org/10.1177/1934578X130080122
https://doi.org/10.1673/031.013.15101
https://doi.org/10.1673/031.013.15101
https://doi.org/10.3389/fmicb.2015.00574
https://doi.org/10.3389/fmicb.2015.00574
https://doi.org/10.1128/AEM.01034-09
https://doi.org/10.1128/AEM.01034-09

VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(1):3598-3611

18.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Truong PM, Le HT, Pham HT, Nguyen MT, Nguyen CH. Study of
the antimicrobial activity of endophytic Streptomyces strains
isolated from Crinum latifolium. Journal of Nature and Sci-
ence. 2017;1:69-77.

. Qin S, Li J, Chen HH, Zhao GZ, Zhu WY, Jiang CL, et al. Isola-

tion, diversity, and antimicrobial activity of rare actinobacte-
ria from medicinal plants of tropical rain forests in Xishuang-
banna, China. Applied and Environmental Microbiology.
2009;75(19):6176-86. Available from: https://doi.org/10.1128/
AEM.01034-09.

Ngau TH, Ngoc TT, Thi YNL, Chuong NH, Thao DT. An-
ticancer property of marine coral-derived Streptomyces sp.
SS162 against A549 lung adenocarcinoma cancer cells. Jour-
nal of Applied Pharmaceutical Science. 2023;13(10):188-98.
Available from: https://doi.org/10.7324/JAPS.2023.144118.

Tan LT, Ser HL, Yin WF, Chan KG, Lee LH, Goh BH. Investigation
of antioxidative and anticancer potentials of Streptomyces sp.
MUM256 isolated from Malaysia mangrove soil. Frontiers in
Microbiology. 2015;6:1316. Available from: https://doi.org/10.
3389/fmicb.2015.01316.

Ser HL, Mutalib NSA, Yin WF, Chan KG, Goh BH, Lee LH. Eval-
uation of antioxidative and cytotoxic activities of Strepto-
myces pluripotens MUSC 137 isolated from mangrove soil in
Malaysia. Frontiers in Microbiology. 2015;6:1398. Available
from: https://doi.org/10.3389/fmicb.2015.01398.
Tangjitjaroenkun J. Evaluation of antioxidant, antibacterial
and gas chromatography-mass spectrometry analysis of ethyl
acetate extract of Streptomyces omiyaensis sch2. Evaluation.
2018;10(10.22159). Available from: https://doi.org/10.22159/
ajpcr.2018.v11i7.25692.

Kouroshnia A, Zeinali S, Irani S, Sadeghi A. Induction of apop-
tosis and cell cycle arrest in colorectal cancer cells by novel
anticancer metabolites of Streptomyces sp. 801. Cancer Cell
International. 2022;22(1):235. Available from: https://doi.org/
10.1186/s12935-022-02656- 1.

Nga NT, Ngoc TT, Trinh NT, Thuoc TL, Thao DT. Optimization
and application of MTT assay in determining density of sus-
pension cells. Analytical Biochemistry. 2020;610. Available
from: https://doi.org/10.1016/j.ab.2020.113937.
Suarez-Arnedo A, Figueroa FT, Clavijo C, Arbeldez P, Cruz JC,
Munoz-Camargo C. An image J plugin for the high through-
put image analysis of in vitro scratch wound healing assays.
PLoS One. 2020;15(7). Available from: https://doi.org/10.1371/
journal.pone.0232565.

Almeida VM, Bezerra MA, Nascimento JC, Amorim LM. An-
ticancer drug screening: standardization of in vitro wound
healing assay. Jornal Brasileiro de Patologia e Medicina Labo-
ratorial. 2019;55(6):606-19. Available from: https://doi.org/10.
5935/1676-2444.20190054.

Modeling and predicting the cell migration properties from
scratch wound healing assay on cisplatin-resistant ovar-
ian cancer cell lines using artificial neural network. Health-
care. MDPI; 2021. Available from: https://doi.org/10.3390/
healthcare9070911.

Zeng H, XuL, Xiao D, Zhang H, Wu X, Zheng R, et al. Altered ex-
pression of ezrin in esophageal squamous cell carcinoma. The
Journal of Histochemistry and Cytochemistry : Official Journal
of the Histochemistry Society. 2006;54(8):889-96. Available
from: https://doi.org/10.1369/jhc.5A6881.2006.

Rogel MR, Soni PN, Troken JR, Sitikov A, Trejo HE, Ridge KM.
Vimentin is sufficient and required for wound repair and re-
modeling in alveolar epithelial cells. FASEB Journal : Offi-
cial Publication of the Federation of American Societies for
Experimental Biology. 2011;25(11):3873-83. Available from:
https://doi.org/10.1096/fj.10-170795.

Nam EH, Lee Y, Park YK, Lee JW, Kim S. ZEB2 upregulates in-
tegrin a5 expression through cooperation with Sp1 to induce
invasion during epithelial-mesenchymal transition of human
cancer cells. Carcinogenesis. 2012;33(3):563-71. Available

from: https://doi.org/10.1093/carcin/bgs005.
Guan X, Bidlack FB, Stokes N, Bartlett JD. E-cadherin can

replace N-cadherin during secretory-stage enamel develop-

3609

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

ment. PLoS One. 2014;9(7). Available from: https://doi.org/10.
1371/journal.pone.0102153.

Lankadasari MB, Aparna JS, Mohammed S, James S, Aoki K,
Binu VS, et al. Targeting S1PR1/STAT3 loop abrogates desmo-
plasia and chemosensitizes pancreatic cancer to gemcitabine.
Theranostics. 2018;8(14):3824-40. Available from: https://doi.
org/10.7150/thno.25308.

Xiang T, Li L, Yin X, Yuan C, Tan C, Su X, et al. The ubiquitin
peptidase UCHL1 induces GO/G1 cell cycle arrest and apopto-
sis through stabilizing p53 and is frequently silenced in breast
cancer. PLoS One. 2012;7(1). Available from: https://doi.org/
10.1371/journal.pone.0029783.

Kumar PS, Al-Dhabi NA, Duraipandiyan V, Balachandran C, Ku-
mar PP, Ignacimuthu S. In vitro antimicrobial, antioxidant
and cytotoxic properties of Streptomyces lavendulae strain
SCA5. BMC Microbiology. 2014;14(1):291. Available from:
https://doi.org/10.1186/512866-014-0291-6.

Naine SJ, Devi CS, Mohanasrinivasan V, B V. Antimicrobial,
Antioxidant and Cytotoxic Activity of Marine Streptomyces
parvulus VITJS11 Crude Extract. Brazilian Archives of Biology
and Technology. 2014;58(2):198-207. Available from: https:
//doi.org/10.1590/S1516-8913201400173.

Taechowisan T, Chaisaeng S, Phutdhawong WS. Antibacte-
rial, antioxidant and anticancer activities of biphenyls from
Streptomyces sp. BO-07: an endophyte in Boesenbergia ro-
tunda (L) Mansf A.  Food and Agricultural Immunology.
2017;28(6):1330-46. Available from: https://doi.org/10.1080/
09540105.2017.1339669.

Fares J, Fares MY, Khachfe HH, Salhab HA, Fares Y. Molecular
principles of metastasis: a hallmark of cancer revisited. Signal
Transduction and Targeted Therapy. 2020;5(1):28. Available
from: https://doi.org/10.1038/s41392-020-0134-x.

Mouritzen MV, Jenssen H. Optimized scratch assay for in vitro
testing of cell migration with an automated optical camera.
Journal of Visualized Experiments. 2018;57691(138). Available
from: https://doi.org/10.3791/57691.

Santhiago MR, Netto MV, Wilson SE.  Mitomycin C: bi-
ological effects and use in refractive surgery.  Cornea.
2012;31(3):311-21. Available from: https://doi.org/10.1097/
1CO.0b013e31821e429d.

Grada A, Otero-Vinas M, Prieto-Castrillo F, Obagi Z, Falanga V.
Research techniques made simple: analysis of collective cell
migration using the wound healing assay. The Journal of In-
vestigative Dermatology. 2017;137(2):e11-6. Available from:
https://doi.org/10.1016/1.jid.2016.11.020.

Varankar SS, Bapat SA. Migratory metrics of wound healing: a
quantification approach for in vitro scratch assays. Frontiers in
Oncology.2018;8:633. Available from: https://doi.org/10.3389/
fonc.2018.00633.

Kumar P, Chauhan A, Kumar M, Kuanr BK, Kundu A, Solanki
R, et al. In vitro and in silico anticancer potential analysis of
Streptomyces sp. extract against human lung cancer cell line,
A549.2021;11(6):254. Available from: https://doi.org/10.1007/
513205-021-02812-w.

Qu XY, Ren JW, Peng AH, Lin SQ, Lu DD, Du QQ, et al. Cy-
totoxic, anti-migration, and anti-invasion activities on breast
cancer cells of angucycline glycosides isolated from a marine-
derived Streptomyces sp. Marine Drugs. 2019;17(5):277. Avail-
able from: https://doi.org/10.3390/md17050277.

Nguyen HT, Pokhrel AR, Nguyen CT, Pham VT, Dhakal D, Lim
HN, etal. Streptomyces sp. VN1, a producer of diverse metabo-
lites including non-natural furan-type anticancer compound.
Scientific Reports. 2020;10(1):1756. Available from: https://
doi.org/10.1038/541598-020-58623-1.

Arai Y, linuma H, lkeda Y, lgarashi M, Hatano M, Kinoshita N,
et al. Migracins A and B, new inhibitors of cancer cell migra-
tion, produced by Streptomyces sp. The Journal of Antibiotics.
2013;66(4):225-30. Available from: https://doi.org/10.1038/ja.
2012.112.

Xue JY, Wu YY, Han YL, Song XY, Zhang MY, Cheng J, et al.
Anthraquinone metabolites isolated from the rhizosphere soil


https://doi.org/10.1128/AEM.01034-09
https://doi.org/10.1128/AEM.01034-09
https://doi.org/10.7324/JAPS.2023.144118
https://doi.org/10.3389/fmicb.2015.01316
https://doi.org/10.3389/fmicb.2015.01316
https://doi.org/10.3389/fmicb.2015.01398
https://doi.org/10.22159/ajpcr.2018.v11i7.25692
https://doi.org/10.22159/ajpcr.2018.v11i7.25692
https://doi.org/10.1186/s12935-022-02656-1
https://doi.org/10.1186/s12935-022-02656-1
https://doi.org/10.1016/j.ab.2020.113937
https://doi.org/10.1371/journal.pone.0232565
https://doi.org/10.1371/journal.pone.0232565
https://doi.org/10.5935/1676-2444.20190054
https://doi.org/10.5935/1676-2444.20190054
https://doi.org/10.3390/healthcare9070911
https://doi.org/10.3390/healthcare9070911
https://doi.org/10.1369/jhc.5A6881.2006
https://doi.org/10.1096/fj.10-170795
https://doi.org/10.1093/carcin/bgs005
https://doi.org/10.1371/journal.pone.0102153
https://doi.org/10.1371/journal.pone.0102153
https://doi.org/10.7150/thno.25308
https://doi.org/10.7150/thno.25308
https://doi.org/10.1371/journal.pone.0029783
https://doi.org/10.1371/journal.pone.0029783
https://doi.org/10.1186/s12866-014-0291-6
https://doi.org/10.1590/S1516-8913201400173
https://doi.org/10.1590/S1516-8913201400173
https://doi.org/10.1080/09540105.2017.1339669
https://doi.org/10.1080/09540105.2017.1339669
https://doi.org/10.1038/s41392-020-0134-x
https://doi.org/10.3791/57691
https://doi.org/10.1097/ICO.0b013e31821e429d
https://doi.org/10.1097/ICO.0b013e31821e429d
https://doi.org/10.1016/j.jid.2016.11.020
https://doi.org/10.3389/fonc.2018.00633
https://doi.org/10.3389/fonc.2018.00633
https://doi.org/10.1007/s13205-021-02812-w
https://doi.org/10.1007/s13205-021-02812-w
https://doi.org/10.3390/md17050277
https://doi.org/10.1038/s41598-020-58623-1
https://doi.org/10.1038/s41598-020-58623-1
https://doi.org/10.1038/ja.2012.112
https://doi.org/10.1038/ja.2012.112

Tap chi Phdt trién Khoa hoc va Céng nghé - Natural Sciences 2026, 10(1):3598-3611

48.

49.

50.

51.

52.

Streptomyces of Panax notoginseng (Burk.) F. H. Chen target
MMP2 to inhibit cancer cell migration. Journal of Ethnophar-
macology. 2023;312. Available from: https://doi.org/10.1016/
j.jep.2023.116457.

Polapally R, Mansani M, Rajkumar K, Burgula S, Hameeda B,
Alhazmi A, et al. Melanin pigment of Streptomyces puniceus
RHPR9 exhibits antibacterial, antioxidant and anticancer ac-
tivities. 2022;17(4):e0266676. Available from: https://doi.org/
10.1371/journal.pone.0266676.

Gong L, Wu D, Zou J, Chen J, Chen L, Chen Y, et al. Prog-
nostic impact of serum and tissue MMP-9 in non-small cell
lung cancer: a systematic review and meta-analysis. Onco-
target. 2016;7(14):18458-68. Available from: https://doi.org/
10.18632/oncotarget.7607.

Barillari G. The impact of matrix metalloproteinase-9 on the
sequential steps of the metastatic process. International Jour-
nal of Molecular Sciences. 2020;21(12):4526. Available from:
https://doi.org/10.3390/ijms21124526.

Friedl P, Alexander S. Cancer invasion and the microenviron-
ment: plasticity and reciprocity. Cell. 2011;147(5):992-1009.
Meng XN, Jin Y, Yu Y, Bai J, Liu GY, Zhu J. Characterisation
of fibronectin-mediated FAK signalling pathways in lung can-

53.

54.

55.

56.

57.

cer cell migration and invasion. British Journal of Cancer.
2009;101(2):327-34.

Wang Y, Dong H, Xu M, Xin B, Niu W, Xu D. 37-kDa laminin
receptor precursor promotes lung adenocarcinoma cell inva-
sion and metastasis by epithelial-to-mesenchymal transition.
Cancer Gene Therapy. 2014;21(4):150-7.

Jia D, Yan M, Wang X, Hao X, Liang L, Liu L. Development
of a highly metastatic model that reveals a crucial role of fi-
bronectin in lung cancer cell migration and invasion. BMC
Cancer. 2010;10(1):364.

Cao ZQ, Wang Z, Leng P.  Aberrant N-cadherin expres-
sion in cancer. Biomedicine {&amp;}amp; Pharmacother-
apy = Biom{&mp;}#}x00E9;decine {&amp;lamp; Pharma-
coth{&amp;{#}x00E9;rapie. 2019;118.

Hui L, Zhang S, Dong X, Tian D, Cui Z, Qiu X. Prognostic sig-
nificance of twist and N-cadherin expression in NSCLC. PLoS
One. 2013;8(4).

Lertcanawanichakul M, Sahabuddeen T. Characterization of
Streptomyces sp. KB1 and its cultural optimization for bioac-
tive compounds production. PeerJ. 2023;11.

3610


https://doi.org/10.1016/j.jep.2023.116457
https://doi.org/10.1016/j.jep.2023.116457
https://doi.org/10.1371/journal.pone.0266676
https://doi.org/10.1371/journal.pone.0266676
https://doi.org/10.18632/oncotarget.7607
https://doi.org/10.18632/oncotarget.7607
https://doi.org/10.3390/ijms21124526

VNUHCM Journal of Advanced Research and Natural Sciences 2026, 10(1):3598-3611

8 Open Access Full Text Article

Research Article

Anticancer activity of secondary metabolites against human lung
cancer cell line from streptomyces sp. ss7’s cultured medium

Tran Hoang Ngau', Truong Thi Bich Ngoc'2, Nguyen Luu Minh Hanh', Vo Anh Kiet?3,
Nguyen Hoang Chuong?, Dang Thi Phuong Thao'%3""

Use your smartphone to scan this
QR code and download this article

'Department of Molecular and
Environmental Biotechnology, Faculty of
Biology and Biotechnology, University of
Science, Vietnam National University
Ho Chi Minh City, 227 Nguyen Van Cu,
Ho Chi Minh City, Vietnam, 700000

*Vietnam National University Ho Chi
Minh City, Vo Truong Toan, Linh Trung,
Thu Duc, Ho Chi Minh City, Vietnam

*Laboratory of Molecular Biotechnology,
University of Science, Vietnam National
University Ho Chi Minh City, 227
Nguyen Van Cu, Ho Chi Minh City,
Vietnam

Correspondence

Dang Thi Phuong Thao, Department of
Molecular and Environmental
Biotechnology, Faculty of Biology and
Biotechnology, University of Science,
Vietnam National University Ho Chi Minh
City, 227 Nguyen Van Cu, Ho Chi Minh
City, Vietnam, 700000

Vietnam National University Ho Chi Minh
City, Vo Truong Toan, Linh Trung, Thu
Duc, Ho Chi Minh City, Vietnam

Laboratory of Molecular Biotechnology,
University of Science, Vietnam National
University Ho Chi Minh City, 227
Nguyen Van Cu, Ho Chi Minh City,
Vietnam

Email: thaodp@hcmus.edu.vn

ABSTRACT

Streptomyces sp., belonging to Gram-positive bacteria, is well-known as a factory producing sec-
ondary metabolites that play a vital role in the pharmaceutical industry. Compounds derived from
Streptomyces sp. exhibit a wide range of biological activities, such as antioxidant, antibacterial,
antiviral, immunosuppressive, and especially anticancer properties. Many important anticancer
agents that originated from Streptomyces sp. have made significant contributions to the medical
field, including actinomycin D, mitomycin D, bleomycin, doxorubicin, and streptozotocin. There-
fore, in the quest for new bioactive compounds, Streptomyces sp. strains have attracted great inter-
est from scientists, among which endophytic Streptomyces sp. from medicinal plants are emerging
as a promising source for isolation. The ethyl acetate extract of the culture medium of Streptomyces
sp. SS7, isolated from the medicinal plant Crinum latifolium, was investigated for its anticancer po-
tential on the A549 lung cancer cell line using the MTT assay. The results showed that the ICsg values
of this cell line at 48 h and 72 h were 645.65 + 1.88 ug/mL and 767.36 4 1.04 ug/mL, respectively.
Furthermore, the SS7-EA extract inhibited A549 cell migration by 4.29 times in the wound-healing
assay. These observations lay the groundwork for further research on the Streptomyces sp. SS7
strain, aiming to identify and isolate bioactive secondary metabolites with potential applications
supporting cancer treatment.
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