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Mién dich Lyme c6 thé di truyén & chuot
phong thi nghiém — ma khong can gene
drive

Cdc nha nghién citu chinh stta chudt nha dé tw sdan xudt va di truyén mot khdng thé
chong *Borrelia* Qua it nhdt sdu thé hé, chuét khdng nhiém va phan lon ngieng truyén
vi khudn sang ve sach trong phong thi nghiém. Mot ban sao gene dd dui bdo vé, nén khong
can gene drive. Nhung day chuwta phdi diing loai chudt 6 chita ngoai tw nhién, chwa cé
thd thy'c dia va hoan toan chwa gidi quyét cdc cau hoi sinh thdi, qudn ly hay dao dic.
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Pha v& mot chu trinh thay vi diéu tri trng bénh
nhan

Bénh Lyme la bénh do ve truyén phé bién nhat & Hoa Ky, va cach chung ta thuwong chong lai
n6 mang tinh cad nhan: kiém tra ve, g& ching ra, dung khang sinh néu vét can bién thanh ban
hinh bia. Nhuwng vi khuan gay Lyme, Borrelia burgdorferi, thyc ra khong séng chd yéu trong
ching ta. Con ngwoila ngd cut d6i véi nd. Ngoi nha that sy cia vi khuan 1a mét chu trinh gitta
ve va cac dong vat cé va nho séng trong rtng — & b Pong Hoa Ky, chu yéu la chudt chan
trang. Ve hit vi khudn khi cin mot con chudt nhiém bénh, mang né trong qua trinh 16n 1én
roi truyén sang con chudt ké tiép — hoac tinh co sang nguoi. Chudt 1a 6 chita; ve 1a kim tiém;
chung ta la nguoi diang ngoai doi khi bi chich nham.

Vi vay c6 mot cach khac dé nhin van dé. Thay vi diéu tri tirng ngudi sau tirng vét can, diéu gi
xdy ra néu ta lam cho chudt mién dich — va gitt kha nang dé qua thé hé nay sang thé hé khac,
khéng can tiém vac-xin thu cong cho tirng con? D6 1a y twdng bai bao nay th& nghiém, va no
rat dé bi kéo vé cac tiéu dé “chuét GMO”, “gene drive” hay “tiém vac-xin cho ty nhién”. Thw
bai bdo thyc sy bao cdo hep hon, than trong hon va — néu ban quan tdm mot can thiép nhw
vay phai dugc chitng minh ra sao truwdc khi bat ctt th gl dugc tha ra — cling yén tam hon tiéu
de giat gan.

Y twdng c6 tén mién dich di truyén (heritable immunization): viét chi dan tao mot khang thé
truc tiép vao bo gen ctia dong vat, dé no sinh ra da san xuat khang thé va truyén kha nang ay
cho con. Vac-xin phdi dugc dua cho tirng ca thé, 1lap di lap lai. Mot gene di truyén thi c6 thé
truyén qua sinh san binh thuong — khong ai phdi tiém tirng thé hé méi bang tay.

Heritable immunization, tested in a cage

The paper interrupts a tick-mouse transmission loop in lab house mice, not in the wild.

a Engineered house e Infected tick © Mouse resists @ Clean larvae mostly
mouse challenge infection stay clean
Mus musculus carries an infected nymphs feed on even one copy of the gene xenodiagnosis tests
anti-OspA antibody gene lab mouse protected mice onward

transmission

® &)
ordinary inheritance, controlled lab test protected trait, not 8 of 10 engineered mice
not a gene drive biased inheritance did not pass Borrelia on

* white-footed mice, the main North American reservoir * gene-drive spread through a population
species

\
i

i

i

!

i

* a human Lyme vaccine or deployed public-health solution ;

* wild release or ecosystem-level Lyme reduction :
i

i

i

i
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Thi nghiém lam gian doan mdt vong truyén bénh trong phong thi nghiém: chudt nha dudc chinh stia khang
nhiém va phan 16n khéng truyén Borrelia sang au tring ve sach. N6 khéng thi nghiém tha ra tu nhién, gene
drive hay muc giam Lyme trén toan hé sinh thai.

Original diagram — The Clean Paper CC BY 4.0

Cac tac gia da lam gi

Ho bat dau tit mot khang thé bao vé da biét. Borrelia mang mot protein bé mét goi 1a OspA,
va khang thé chdng OspA cé mdt dac tinh hitu ich: theo co ché kinh dién, khi ve can mot con
chudt da duwgc mién dich, né nuét khang thé cung mau, va khang thé cé thé tac dong 1én vi
khuan ngay bén trong ve trudc khi chung kip dugc truyén di. N6i cach khac, muc tiéu la diém
ban giao ve-chudt — khong chi 1a x ly chuot sau khi dd nhiém.

C4c tac gid 1dy mot khang thé nhu vay (LA-2) va chinh sita chudt nha — Mus musculus phong
thi nghiém thong thwong — dé ty sdn xudt no tit DNA cda chinh minh. Bé lam dwogc viéc nay
ho phai thtt vai thiét k&; mot phién ban dau chi tao khang thé & gan sdn xudt qua it dé bao
vé. Phién ban thanh cong bién khang thé thanh dang chubi don nhé va én dinh, gdn v4i mot
protein mau (albumin) dé kéo dai thoi gian ton tai, roi chén vao mot vi tri “safe harbour” da
dugc nghién ctru ky trong bo gen dé né dugc san xuat lién tuc qua moi thé hé.

Sau d6 ho lan lwgt th ba diéu: khang thé cé dwgc di truyén dang tin cady khong; chuot duoc
chinh stra ¢ khdng nhiém Kkhi bi ve mang Borrelia cin khong; va — phén quan trong déi véi
bénh & cip quan thé — ve sach hit mau nhitng con chudt dé c¢6 van sach hay lai 14y vi khuan.
Bai thit cudi, cho du trung ve chwa nhiém hut mau roi kiém tra chung, 1a céach héi truc tiép
liéu chinh chu trinh truyén bénh da bi ngat hay chua.

Ho tim thay gi

Khang thé dwoc di truyén on dinh qua nhiéu thé hé. Thiét ké thanh cong sdn xuat lwong
khang thé cao hon khoang mot nghin 1an so véi thiét ké that bai, @ mic kha nhat quan qua it
nhat sdu thé hé — chuot c6 hai ban sao gene tao khoang gap doi chudt c6 mot ban sao. Khong
con bién thién 16n gitta tirng con nhu & lan th dau.

Chudt khang nhiém — ngay ca véi chi mot ban sao gene. Khi bi ve nhiém Borrelia can,
c& chuot hai ban sao 1an mot ban sao déu gidm cd y nghia théng ké cac chi ddu nhiém so véi
chudt binh thuong. Chudt hai ban sao dugc bao vé rat manh, nhung bao vé & chuét mot ban
sao (di hgp t@) mai la két qua cé hé qua rong nhat, vi mot ly do sé xudt hién ngay sau day.

Phin 16n ching ngirng truyén vi khuan tiép. Trong phép th sinh thai quan trong nhat, au
trung ve sach dugc cho hut mau nhitng con chudt chinh stta da c6 y bi thach thirc bang nhiéu
ve nhiém. Két qud, 8/10 chudt chinh stta hoan toan khong nhiém va khong gieo vi khuan sang
thé hé ve ké tiép, so v4i chi 1/10 chudt binh thuong — mot khéc biét rat c6 y nghia thong ké.
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Trong 16ng thi nghiém, chu trinh thiyrc sy bi ngat. (Pay la két qua thach thic cé kiém soat, khong
phai phép do Lyme sé gidm bao nhiéu trong mdt khu rirng that.)

Mot bat ngo trung thwe vé co ché. Khac véi cac nghién cttu chéng OspA trudc day, khang
thé dugc tao ra bdo vé chudt nhung duong nhw khéng loai vi khuin khéi nhirng con ve da hut
mau. Vi vy khang thé dang chan truyén bénh bang mot con dwong ma cac tac gid chua xac
dinh hét — chi can gan vao c6 vé da dd, nhung chinh xac thé nao con dé nghién citu sau.

Diéu nay cé thé c6 y nghia gi

Y tudng chinh — c6 thé xay sirc dé khang bén vitng vao bd gen ciia dong vat 6 chira va qua do
phé chu trinh truyén bénh — da ding vitng trong phong thi nghiém & loai chuot nay.

Va mot chi tiét nho lam diu dang ké phién ban dang s¢g nhat cda cau chuyén. Gene drive 1a mot
hé di truyén dugc thiét ké dé lam léch xac suat thira ké, khién mot gene dugc chon lan trong
quan thé nhanh hon sinh sdn binh thuong cho phép — ké cé khi gene dé khong cho dong vat
lgi thé. Chinh diéu nay lam gene drive manh va khé kiém soat hay thu hoi sau khi tha. Cong
trinh nay khéng dung thi dé. Vi chi mét ban sao gene khang thé di bdo vé chudt, cac tac gia
1ap ludn réang vé nguyén tac c6 thé dung sinh sdn binh thuwong va cac dot tha c6 muc tiéu dé
nang tan so gene 1én mic hitu ich ma khong ép né lan qua quan thé — va ho noi rd day khong
phdi gene drive. D6 mdi la 1ap luan, chwa phai chitng minh ngoai thuc dia; nhuwng két qua mot
ban sao chinh la th& cho phép ho néu phuong an ay va khién né kiém soat dwgc hon nhiéu so
v6i hinh dung pho bién.

Vi sao khéng dung gene drive?

Gene drive khong giong gene troi. Trdi n6i vé hiéu tng — mot ban sao da da thé hién
tinh trang, nhu gene khang thé ¢ day. Drive ndi vé thira ké: né bé xac suat dé gene dugc
truyén cho nhiéu hon rat nhiéu so véi mdt nita s6 con binh thuwong. Phién ban k§ thuat
kinh dién, CRISPR “homing drive”, mang kéo phan t& cat ding vi tri twong &ng trén
nhiém sac thé con lai; té bao stra cho cat bing cach sao chép drive sang, nén mot ca thé
chi c6 mét ban sao c6 thé truyén né cho gan nhu toan bo con. Tha vao ty nhién, mot
drive nhu vay c6 thé quét qua ca quan thé tir mdt khdi dau nhé — rat manh va rat kho
thu hoi. (Tyw nhién da tao ra nhiéu cach khac dé gian 1an quy tac 50-50, nhwng nguyén
ly van vay.)

Vi sao diéu nay quan trong ¢ dday? Tac gia cao cap Kevin Esvelt 1a mot trong nhitng nha
nghién cttu tirng gép phan phat minh gene drive — ké ca cac phién ban “daisy-chain”
tw gidi han an toan hon, dugc thiét ké khong lan vo kiém soat. Ong hiéu cong cu nay rat
rd, va trong cong trinh nay cé y khong dung né: sy bao vé nam trén mot gene di truyén
binh thwong, néu cé ngay dugc trién khai thi sé lan bang sinh sdn binh thuwong va tha
c6 muc tiéu, khong phai bang drive. Bai hoc yén lang dang gia hon ca két qua: c6 mot
cong cu manh khong cé nghia phai dung né & moi noi.



bénh truyén nhiém

biéu nay khong chitng minh gi

N6 dugc lam trén sai loai chudt, mot cach cé chu y. Thi nghiém dung chudt nha phonglab
(Mus musculus), khong phai chudt chan trang (Peromyscus leucopus) thyc sy duy tri Lyme
& mién déng Hoa Ky. Cac tac gia da bat dau phat trién cong cu cho Peromyscus, nhung gene
bao vé chwa duogc xay vao loai quan trong that su.

bay la phong thi nghiém, khong phai thyc dia. Khong con chudt chinh stra nao dugc tha.
Chi phi vé séng st hay sinh sdn khong xudt hién trong 16ng van cé thé xuit hién ngoai tu
nhién.

bay la bang ching nguyén ly, khong phai 161 gidi. Bdo vé manh nhung khong tuyét doi
(8/10 chudt chan dugc truyén trong phép thach thic), va cum “xda s6 Lyme” khong hé co
trong bai bao.

Co ché chwa dwgc hiéu hoan toan — khang thé hoat dong nhuwng khong theo con dudng
ma nghién ctu trudc dy kién.

bay khong phai gene drive, va bai bao khong hé tuyén b6 nhu vay.

Tha dong vat c6 vu chinh sita gene vao ty nhién chwa cé tién 1€ quan ly. Panh gia rii ro
sinh thdi, quan tri va sw dong thuan ctia cong dong song cung can thiép déu chwa giai quyét
— chinh t4c gia néi rd diéu nay.

Bang chirng manh dén dau?
Nén chia lam hai, vi hai nitra chwa dugc giai quyét & cing mic.

Két qua trong phong thi nghiém kha virng. Khang thé 6n dinh va di truyén qua sau thé
hé; bao vé khéi nhiém c6 y nghia théng ké; giam truyén ti€p cling c6 y nghia thong ké va
dugc do theo cach khé hon — cho ve sach hut m4u. Nhiéu thi nghiém doc 1lap chi cung
huédng.

Bwé'c nhay sang thé gidi that gan nhw chwa dwge thw. Loai khdac, song sét ngoai ty
nhién, hé sinh thai 1on xdn v4i nhiéu loai 6 chira, chién lwgc tha va co ché quin 1y — khong
th nao la dit liéu trong bai bao nay. Tac gia trinh bay chung nhu phan viéc con phia trudc,
v@i viéc 1ap ké hoach thi nghiém thyc dia cé cong dong tham gia méi & giai doan s¢m nhat.

Mot ghi chu bién tap cung tinh than: chung t6i doc ban thao da duoc chdp nhan qua binh duyét

(“article in press”), chuwa phai ban cudi da bién tap copy. Cac két qud cdu truc & trén kho thay
do6i, nhung cac con s6 nén dugc kiém lai vai ban xudt ban cubi truede khi di xa hon.

Vi sao diéu nay quan trong

Phan 16n cach ching ta chéng bénh do vector truyén déu phan &ng va bat tan: phun, xua, kiém
tra, diéu tri, 1ap lai m6i mua mai mai. Pay 1a phac thido cia mot hudng khac — can thiép mot
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1an vao quan thé 6 chita dong vat, roi dé di truyén lam phan bao tri. Néu dugc lam & chudt
chan trang va chirng minh an toan, hiéu qua ngoai thyc dia, vé nguyén tac no cé thé ha nén
Lyme cta cd mot khu vyc thay vi chi bdo vé tirtng nguoi bén trong khu vye do.

Cum “vé nguyén tac” dang ganh rat nhiéu trong lwgng, va bai bao trung thuc vé diéu dé. Gia
tri thit & day khong phai thudc chita; d6 1a mot chitng minh cin than rang mién dich di truyén
o thé hoat dong va cé thé lam gian doan truyén bénh — dugc thiét ké co y & dang kiém soat
dugc, khong gene drive, trong khi cac cau hoéi kho nhat (ding loai, thyc dia ma, dao dic ctia
viéc tha sinh vat chinh stta) dwgc goi ding tén va dé md thay vi lwét qua.

Tém tat gon

Lyme luan chuyén gitra ve va chudt 6 chira; nguoi chi la vat chu tinh cd. Cac nha nghién ctu
chinh stra chudt nha phong thi nghiém deé tir chinh b gen cia ching san xuit khang thé chéng
protein bé mat OspA ctia Borrelia — mot kKhang thé cé thé vo hiéu héa vi khudn trong ve dang
hut mau. Chudt truyén kha nang nay 6n dinh qua it nhit sdu thé hé; khi bi ve nhiém cin chung
khéng nhiém ngay ca véi mot ban sao gene, va phan 16n (8/10, so vGi 1/10 chudt binh thudng)
ngirng truyén vi khudn sang ve mdi, lam gian doan chu trinh trong lab. Quan trong la bao vé
v&i mot ban sao nghia la phuwong phap khong can gene drive tw lan. Nhung thi nghiém dung
chudt nha, khong phai chudt chan trang thye sy lan Lyme & Bac M§; khong cé thd ngoai thye
dia; co ché chua hiéu hét; va sinh thai, luat 1é, dao dtc cta viéc thd déng vat c6 vi chinh sita
gene déu hoan toan chwa giai quyét. Pay 1a biang chirng nguyén 1y cdn than cho “mién dich di
truyén” & loai 6 chita — khong phdi gene drive va khong phai “Lyme da duoc giai quyét”.

Danh gia thang than

Bai bao cho thay gi: Chudt nha lab (Mus musculus) dugc chinh sita dé biéu hién khang thé
chdng OspA (LA-2, dudi dang hgp nhat chubi don-albumin tir locus safe-harbour) truyén né
on dinh qua >6 thé hé, khang nhiém Borrelia khi bi ve théch thitc (c6 y nghia ngay & di hop
t mot ban sao), va phan 16n ngirng truyén vi khuin sang ve sach (8/10 chu6t chinh stta sau
thach thirc khéng truyén so véi 1/10 doi ching; khac biét cé y nghia). Bao vé véi mot ban sao
nghia la khong can gene drive dé phwong phap c6 hiéu lyec.

Diéu hop 1y nhwng chwa dwgec chiwng minh: Co ché chinh xdc ma khang thé chan truyén
(khac cong trinh anti-OspA trudc, né khong loai vi khudn khaéi ve da nhiém); cung cdu tric sé
hoat dong va di truyén 6n dinh & chuot chan trang.

Piéu n6 khong cho thdy: Bit cit diéu gi ngoai ty nhién hay & ding loai 6 chita; hiéu &ng toan
quan thé hay toan hé sinh thai; Lyme cé thé bi x6a s6; thd dong vat chinh stra 1a an toan, hiéu
qué hay duoc phép; mot gene drive (nguwoc lai — bai bao néi ré khong dung).

Han ché chinh: Lam & Mus musculus phong lab, khong phai Peromyscus leucopus hoang da;
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chi trong lab, khong tha thuc dia; chan truyén manh nhuwng chwa tuyét déi (8/10); co ché chwa
ro; cadu héi sinh thai, quan Iy va dao dirc vé tha dugc dé ma; bai viét dua trén ban thao da chip
nhan trong khi ch® ban cudi.

Mot ddc gia pho thong nén tw tin dén mirc nao? Ty tin cao riang trong lab, chudt chinh
stta da di truyén sitc dé khang Lyme va lam gidn doan truyén bénh, va rang thiét ké nay c6 y
khong phai gene drive. Ty tin cao rang day khong phai giai phap da trién khai va Khong phai
“Lyme da xong”. Ty tin thap veé viéc né c6 thé hoat dong ngoai ty nhién ra sao — dé chinh la
toan bd nira cong viéc con chwa lam. Thai dd phu hgp: mdt bang chitng nguyén ly than trong
va day hy vong veé viéc thay déi 6 chira thay vi diéu tri bénh nhén, vi nhirng cau héi kho nhét
van con phia trudc va dugc goi dung tén.

Nguon
Nature Communications (2026), open access CC BY 4.0

https://doi.org/10.1038/s41467-026-71757-6

Associated dataset (Mendeley Data)
https://doi.org/10.17632/wh65sf47bs.3
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