KHOA HOC SU’C KHOE

AN OVERVIEW OF HDAC6 AND SELECTIVE HDACG6
INHIBITORS AS ANTICANCER AGENTS

Nguyen Duc Tu!
Hoang Kim Ngoc?
Nguyen Phuong Ngan?
Duong Tien Anh*

1.234Hanoi University of Pharmacy

Email: ‘ductu20112001@gmail.com;, hoangkimngoc2304@gmail.com;
3phuongnganstem@gmail.com; “anhdt@hup.edu.vn.

25/7/2023
22/8/2023

Received:
Revised:

DOI: https://doi.org/10.58902/tcnckhpt.v2i3.78

Abstract:

30/7/2023
25/8/2023

Reviewed:
Accepted:

Histone deacetylase 6 (HDACG6) is a member of the HDAC family of subtype Ilb. This

enzyme is found mainly in the cytoplasm of undifferentiated cells such as embryonic stem cells,
neurons, and some cancer stem cell lines. HDACS is involved in the acetyl group removal of
various substrates such as a-tubulin and HSP90oa. HDACG6 inhibitors have demonstrated
therapeutic benefits in both initial and progressed stages of cancer, some neurodegenerative
disorders, and other diseases. As a result, HDACG6 has emerged as a potential molecular target
in contemporary research. This review aims to elucidate the distinctive structural characteristics
of HDACS6's active site, provide a concise overview of studies exploring the structure-activity
relationship of HDACG6 inhibitors, and outline the prospective design direction for selective

inhibitors.
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1. Pit vén dé

Ung thu 1la mot trong nhirng nguyén nhan gay
tir vong hang dau trong nhiéu thap ky qua. Hién
nay, ngoai phuong phap didu tri truyén thing
nhu xa tri, hoa tri va phau thuat, phuong phap
hudng dich da va dang dugc ap dung ngay cang
rong réi trong viéc diéu tri ung thu trong hai thap
ky qua vai muc dich tang hiéu qua va giam doc
tinh toan than (Liu et al., 2020). Trong do,
HDAC duoc biét dén nhu mot dich day tiém
nang (Li & Seto, 2016).

Histon deacetylase (HDAC) la cac enzym
xUc t&c cho phan ung tach loai nhom acetyl khoi
gdc lysin trén duéi histon va lam déng xoén cau
trdc chromatin (Drazic et al., 2016). Su huy
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déng qua mac cua cac enzym HDAC co lién
quan dén sy xuat hién caa nhiéu bénh 1y ung thu
(Ceccacci & Minucci, 2016). Cho dén thoi
diém hién tai, cac nha khoa hoc da xac dinh
duoc 18 loai HDAC c6 mat ¢ con nguoi. Chang
dugc chia thanh 4 nhém dya trén sy twong dong
véi cac HDAC ciia nim men. Nhém | bao gom
cac HDAC1-3, 8, ¢6 céu trac tuong tu Vi
enzym reduced potassium dependency-3 (Rpd3)
ciia nAm men. CAu tr(ic trung tm hoat dong cua
nhém 11 ¢6 nhiéu diém tuong dong véi histon
deacetylases 1 (HDACI1) nhung kich thudc I6n
hon nhom 1. Cac HDAC nhém nay dugc chia
lam hai phan nhém nho hon la Ila (gdm
HDAC4, HDAC5, HDAC7, HDAC9) va llb
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(bao gdm HDAC6 va HDAC10). Cac HDAC
nhém 111 ¢6 sy twong ddng véi protein nAm men
Sir2 (sirtuin), khdng hoat d6ng phu thudc vao
coenzym NAD* va bao gébm céc sirtuin 1-7.
Nhém 1V 1a nhém khéng c6 su twong dong voi
nim men va chi c6 duy nhat mot dai dién Ia
HDACI11. (Gray & Ekstrom, 2001), (Mottamal
et al., 2015), (Roche & Bertrand, 2016) .

Bbn chat wc ché HDAC (HDACI) di duoc
FDA phé duyét sir dung trong 1am sang dé diéu
tri ung thu. Chat wc ché HDAC dau tién duoc
FDA phé duyét lIa Vorinostat (SAHA) cho chi
dinh u lympho té bao T & da. Sau dé, 3 chit tc
ché HDAC khéc ciing da dugc FDA chép thuan
dé diéu tri mot s loai ung thu mau khac nhu:
Belinostat  (PXD101) va  Panobinostat
(LBH589) cho da u tuy, u lympho té bao T &
da va u lympho té bao T ngoai vi; Romidepsin
(FK228) cho u lympho té bao T & da khé diéu
tri (Di Bello et al., 2022). Cac chéat uc ché
HDAC nay déu khong chon loc nén gay ra rat
nhiéu cac tac dung khdng mong muén nhu 14
mét nudc, giam tiéu cau, chan an va loan nhip
tim (Miyake et al., 2016), (Diyabalanage et al.,
2013). Vi vay, viéc nghién ctu phat trién cac
thuéc méi we ché chon loc HDAC la can thiét va
¢6 nhiéu y nghia thyc tién.

HDACG6 la mot thanh vién thudéc nhém Ilb,
dugc chung minh c6 vai trd quan trong trong
mot s6 bénh 1y ung thu nhu ung thu biéu mo té
bao vay, ung thu va, ung thu biéu md té bao
gan... Bén canh d6, cac chat wc ché chon loc
HDACE6 it giy doc té bao thuong hon va it tac
dung phu hon so véi cac chat tc ché HDAC
khong chon loc  khac  (pan-HDAC)
(Govindarajan et al., 2013), (Kalin & Bergman,
2013). Biéu nay cho thady HDAC6 la mot muc
tiéu phan tir dwoc quan tam nhiéu trong phét
trién thudc chira ung thu thé hé méi (Seidel et
al., 2015).

Trong bai téng quan ndy, ching tdi s& trinh
bay téng quan mét sé dic diém ciu tric ndi bat
vé trung tdm hoat dong cua histon deacetylase
nay, tong hop mot s6 nghién ciu danh gia lién
quan cau tric-tic dung cua cac chat Gc ché
HDACS ciing nhu mé ta hudng thiét ké cac chét
trc ché chon loc.

2. Téng quan nghién ciru

Vi vai tro quan trong trong sinh ly bénh ung
thu, dac biét 1a mot sé dang ung thu nhu ung thu
biéu md té bao vay, ung thu va, ung thu biéu mod
té bao gan, HDAC6 gan day dang la mét trong
nhitng muc tiéu phan tir hip dan caa céc nghién
ctu tim kiém, phat trién cac thudc ung thu méi.
Tuy nhién, nhitng nim gn day tai Viét Nam
chwa c6 mot nghién ctu tdng quan nao hé théng
héa lai nhitng nghién ciu vé muc tiéu phan tir
nay. Do vay, viéc tim hiéu va thuc hién mot
nghién ciu tong quan tai lisu vé dac diém cau
trdc trung tdm hoat dong cta enzym nay, phan
tich cac dic diém lién quan giita cau tric va tac
dung sinh hoc 1a can thiét, tr d6 c6 thé dua ra
nhitng goi y cho viéc dinh huéng thiét ké cac
dan chat ic ché chon loc mai.

3. Phwong phap nghién ciru

Phuong phap nghién ciru trong bai la st dung
céc cong cu nhu Google Scholar, PubMed dé tim
kiém cac ngudn tai liéu lién quan dén HDACS,
cac chat e ché chon loc HDAC6 ciing nhu tham
khao vé dinh hudng thiét ké cac dan chat tuong
g bang céc tir khéa lién quan. Sau d6, sip xép
cac thong tin thu nhan dugc thanh 3 ndi dung
chinh: cau tric trung tam hoat dong cua enzym
HDACS, tong quan vé mdi lién quan giira ciu
tric - tac dung sinh hoc cua mot sé nghién ciu
vé cac chat wc ché chon hoc HDACE6 va dinh
huéng trong thiét ké mot sé dan chat wc ché
chon loc HDAC6. Phuong phap thuc hién
nghién ctru téng quan nay duoc minh hoa bang
hinh 1 dugc trinh bay dudi day.
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Hinh 1. Phwong phap nghién ciru

Gigi thisu HDACSG: 13 bai béo
duoc xuét ban tir thang 1/2001 —
thang 4/2022

L )

Céu trdc trung tam hoat
dong cua enzym HDACG:
4 bai bao dugc xuét ban tir
thang 7/2004 — thang 12/

2017

Dit ligu lién quan dén bai viét
trén google scholar va
pudmed bao gom 47 bai bao
duoc xuat ban tir 2001-2023

MGt s6 nghién ciu lién
quan cAu trdc — tac dung
cua HDACS: 6 bai bao
duoc xuét ban tir thang
11/2001 — thang 9/2021

v

Dinh huéng thiét ké cac din chit uc
ché chon loc HDACS: 28 bai bao duoc
xuét ban tir thang 11/2001 — thang
5/2023

4. Két qua nghién ciu
4.1. Cdu trac trung tam hoar dgng ciia enzym
HDACG6

HDACS c6 hai viing xUc tac véi day du chirc
ndng (catalytic domain, CD) la CD1 va CD2
(Seidel et al., 2015). Céu trdc cua hai ving nay
déu dugc chia thanh hai phan chinh tuong ty nhu
cac HDAC khéc bao gém ion Zn?* va kénh
enzym (tir 16i vao dén ving gan kém) (Seidel et
al., 2015), (Somoza et al., 2004).

Ving xuc tic 1 (CD1) déng vai trd chu yéu
trong qua trinh deacetyl hoa lysin ¢ dau C tan
ctia co cht, trong khi d6, CD2 tham gia vao xuc
tac loai bo nhdm acetyl cua a-tubulin. Hai ving
nay dugc két ndi bang mot vong lip va tuong tac
V&l nhau théng qua vung ‘“domain-domain
interface” (Seidel et al., 2015). Trong HDACS,
cac vong lap L1 (His455-Glu465), L2 (Met517-
Asnb536) va L7 (Ala706-GIn716) c6 thé twong
tac voi phan chua tham gia lién két véi trung
tam hoat dong cua cac chat wc ché (Seidel et
al., 2015).

Ca hai vj tri hoat dong trén HDAC6 déu c6

kénh ky nudc hep dugce hinh thanh tir cac acid
amin la Pro83, Gly201, Phe202 va Trp261 trong
CD1, va Pro464, Gly582, Phe583, Phe643 va
Leu712 trong CD2. lon Zn?* lién két véi cac
acid amin Asp230, His232 va Asp323 trong
CD1 (Seidel et al., 2015). Céu tric cua CD2 ¢
ion kém & day kénh sau khoang 10 A va duogc
phdi tri boi Asp612, His614, Asp705 va mot
phan tir nuéc. Phan tir nude nay cd thé tao lién
két hydro véi His573 va His574. lon kém con
trbng mot vi tri lién két cho phép tao lién két
phdi tri vai Trp745 (Hinh 2) (Seidel et al., 2015).
So véi cac HDAC khéc, trung tdm hoat dong
cua HDAC6 dugc mo rong va néng hon gitp
cho enzym nay c6 thé lién két tét vai cac chat
ic ché co cau tric cong kénh (Miyake et al.,
2016), (Porter et al., 2017).
4.2. Mét sé nghién cizu vé lién quan cdu truc -
tac dung sinh hoc cia céc chat irc ché HDAC6
4.2.1. Céac chdt #c ché HDAC6 mang khung
spiroindolin

Hinh 2. Lién quan cau trdc tac dung ciia cac chat e ché HDAC6 mang khung spiroindolin

.

\

R1, R2: Nhém “cong k&nh”
nhw phenyl, benzyl: lam
gidm hoat tinh, nhém
benzoyl: tdng hoat tinh
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: S Nhém hydroxamic acid
! (nhém gén ké&m): quan trong
== cho hoat tinh

> Viing cau néi: vong phenyl

Thay vong thiophen: giam
hoat tinh
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Nam 2020, A. Prasanth Saraswati va cong su
da thiét ké va thay d6i nhém thé trén céc chét tc
ché chon loc HDACS c6 viing nhan dién bé mit
la nhém spiroindolin. Cu thé, khi so sanh hai dan
chat c6 cang nhom thé Ry 1a benzoyl, hoat tinh
e ché chon loc HDACS6 cuia dan chit 1c voi
nhém thé Rz 1a benzyl kém hon so véi din chat
1b khéng thé. Twong ty, dan chat 1b véi nhém
thé Ry 1a benzoyl cho thiy kha ning wc ché
HDACS6 cao hon so véi dan chat 1a véi nhom
thé benzyl. Diéu nay dugc ly giai 13 do nhém
carbonyl ciia hop phan benzoyl tao duogc lién két

hydro vai trung tdm hoat déng cia HDACS,
gitp 1am ting 4i luc cua chat Gc ché vai enzym.
Mot két luan khac duoc dua ra 1a viéc thay ving
cau ndi tir vong phenyl (cac chat la-c) sang
vong thiophen (chat 1d) lam giam kha ning uc
ché HDAC6 (Saraswati et al., 2020). Ngoai hai
dic diém lién quan dén vang nhan dién bé mat
va ving cau ndi & trén, hop phan hydroxamic
acid ciing dugc ching minh la ¢6 vai tro quan
trong cho hoat tinh trc ché nhd vao kha ning tao
phtrc chelat nam canh véi coenzym Zn?* (Porter
etal., 2017).

Hinh 3. Céc chét wc ché HDAC6 mang khung spiroindolin la-d

o]
HOHN HOHN HOHN
o]
/

@9
s

1a

4.2.2. Céc chat irc ché HDAC6 mang khung quinolon
Hinh 4. Lién quan céu trdc tac dung ciia cac chit wc ché HDACG mang khung quinolon

3-pyridyl: tang hoat tinh

Cyclohexyl: tang hoat tinh, tang tinh
chon loc déi voi HDAC6

Trong nghién ctu cua Nicola Relitti va cong
su, cac dan chat hydroxamic mang khung
quinolon ciing cho thay tiém ning wc ché chon
loc HDACS6 théng qua viéc mé rong vung nhan
dién bé mat bang cach thay dbi cac nhom thé
khéc nhau. Tai vi tri Ry, viéc gian thém cac nhom
alkyl hay cac nhém thé cong kénh khéc (2b-d)
lam giam hoat tinh wc ché HDAC6. Biéu nay la
do cac nhém thé nay ngin can viéc tao thanh
lién két hydro giita cac chét ¢ ché vai trung tam
hoat dong cia HDAC6.C4c din chat c6 nhém
thé Ry la 4-pyridyl (2¢) hay N, N-
diethylaminomethylbenzyl (2f) cho két qua hoat

gén kém): quan trong cho

Nhém hydroxamic acid (nhém
hoat tinh, t&i wu: vi tri para

Viing cau ndi benzamid:
quan trong cho hoat tinh

tinh e ché manh HDACS6 do khai thac dugc kha
nang tao lién két hydro va cau mudi vai céc acid
amin nam trén trung tam hoat dong ciia HDACS.
Bén canh d¢, tac gia dua ra 1a hau hét viéc thay
vong phenyl ¢ vi tri C4 bang nhém 3-pyridyl
(2g-j) s& lam ting kha niang Gc ché HDACS.
Viéc thay vong phenyl bang nhém cyclohexyl
(2k) s& tang hoat tinh ¢ ché chon loc trén
HDACS. Téc gia con dua ra két luan rang nhom
chuc hydroxamic acid s& thé hién hoat tinh toi
uu khi ding & vi tri para trén vong phenyl cua
ving cau néi (Relitti et al., 2021).
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Bang 1. Cac chét irc ché HDAC6 mang khung quinolon

Chit R1 X | Chit R: X
2a H C| of (NJ c
X 0 2b CHs cl| 29 CHs N
Vs AN
o C Benzyl N
SN 2¢C '§CN 2h enzy!
"o =
R4 .
2d Benzyl C| 2i 4 \ /N N
— _ (J
e | KO o] A | o |

4.2.3. Céc chat irc ché HDAC6 mang khung quinazolin
Hinh 5. Lién quan céu trdc tac dung ciia cac chit we ché HDAC6 mang khung quinazolin

-- /Nhém thé khac nhau lam thay ddi hoat
, A Y . z z X 1 o
IR tinh, cAdc nhom thé lam tang manh

5,7-dimethoxyquinazolin (3’):
giam hoat tinh

7-chloroquinazolin (3”): tang
hoat tinh

vung cau ndi benzamid:
quan trong cho hoat tinh

hoat tinh: morpholin, thiomorpholin-
1,1-dioxid, N-methylpiperazin (t&i wu)

Nhém hydroxamic acid
(nhém gan kém): quan
- trong cho hoat tinh

Dahong Yao va cong sy di cong bd tiém
nang tc ché HDACS6 cua cac dan chat cd khung
quinazolin véi cac nhém thé cycloalkanamin
khac nhau. T4c gia cho rang viéc gan nhom thé &
vi tri Ry 1a morpholin (3d) hay thiomorpholin-
1,1-dioxid (3e) gitip tang cuong lién két hydro
véi trung tdm hoat dong cua HDACS, tir d6 lam
tang 4i luc gan cua chat wc ché voi enzym. Do
v6i dan chat 3g, viéc gan nhom thé R; la

methylpiperazin di tao ra ba cau mudi manh voi
3 acid amin & vung trung tdm hoat déng cua
HDACS. Bén canh d6, mot két luan khac 1a khi
cac dan chat gan nhom thé methoxy vao vi tri 5°
va 7’ trén vong quinazolin c6 hoat tinh ¢ ché
HDACS6 kém hon so vé6i cac dan chat khong thé
R2. Nguoc lai, viéc gan nhém 7°-cloro hau hét
lam tang hoat tinh cua céc dan chat thu duoc (D.
Yao et al., 2021).

Bang 2. Cac chét irc ché HDAC6 mang khung quinazolin

R H3CO R1 R1
= N
/
H3CO N
NHOH NHOH NHOH
(0]
Chat a b c d e f g
Ri —§-N<:| AN Y | 4N s | o | 4N 622 -§-NC><F 4N N-CH,
—/ —/ —/ F —/

4.2.4. Céc chat wrc che HDAC6 mang khung 1,5-benzothiazepin
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Hinh 6. Lién quan céu trdc tac dung ciia cac chit wc ché HDAC6 mang khung 1,5-

benzothiazepin

Thé R béng -Cl, -CFs: giam hoat tinh
(Hoat tinh: -H (4a) > -CF3 (4b) > -Cl (4c))

Hoat tinh thay déi phu thuéc mirc do oxy héa S:
(hoat tinh: sulfoxid (SO) > sulfon (SO2) > sulfid (S)

Nam 2017, Rob De Vreese va cong su thiét
ké va danh gia kha niang wc ché chon loc
HDAC6 cua cac din chit c6 khung 1,5-
benzothiazepin gin vong cyclohexan hoic
cycloheptan. Nhém thé R khi duoc thay thé bang
-CFs3 (4b) hay -Cl (4c) lam giam hoat tinh so véi
dan chit khong thé 4a. Twong tu nhu nghién ctu
vé cac dan chat Tubathian mang di vong chuta
luu huynh ma Rob De Vreese va cong sy da thuc
hién trudc d6 (De Vreese et al., 2016), kha nang
rc ché HDACSG cua cac din chat sulfon (4’a-c)

Nhém hydroxamic acid
(nhém gén ké&m): quan
trong cho hoat tinh

vung cau néi benzamid:
quan trong cho hoat tinh

): tang hoat tinh so véin =1 ]

va sulfoxid (4°d) tot hon véi cac dan chat chira
luu huynh (4a-c) khi so snh vai cung mét loai
nhém thé R. Théng qua viéc md phong dong
hoc, tac gia thiy rang, nhom serin & vi tri 564
trén HDACS6 di chuyén dén gan mot nguyén tir
oxy cua nhom sulfon d& hinh thanh lién két
hydro. Bén canh d96, khi thay vong cyclohexan &
viing nhan dién bé mat bang vong cycloheptan,
hoat tinh &c ché HDACG6 c6 sy ting lén (De
Vreese et al., 2017).

Hinh 7. Cac chit trc ché HDAC6 mang khung 1,5-benzothiazepin

)

NHOH

4aR=-H,n=1
4bR=-CF3,n=1 R N
4cR=-Cl,n=1
4dR=-H,n=2

S

4.2.5. C4c dan chat pyridylalanin ¢c ché HDAC6

0
NHOH
4aR=-H x=2
R N 4bR=-CFy x=2
4cR=-Clx=2
4dR=-H,x=1

3,

Hinh 8. Lién quan céu trdc tac dung ciia cac din chat pyridylalanin ic ché HDAC6

Nhém hydroxamic acid
(nhém gén kém): quan
trong cho hoat tinh

Hoat tinh, méc @ chon loc thay déi phu thudc cAu hinh va nhém thé R
+n=6: Bdng phan S cho hoat tinh va mirc d6 chon loc tét hon déng phan R
+n=7: Bdng phan R cho hoat tinh va mtc d chon loc tét hon déng phan S

+ Hén hop racemic: lam gidm hoat tinh va mirc dé chon loc trén HDAC6

Viing cau néi cang dai, hoat tinh va mac
dd chon loc trén HDAC6 cang giam

(5a (n=6) > 5¢ (n=7) > 5e (n=8))

0O

H Thé -CHs: gidm hoat tinh
N HOHN‘ N : :
' _N. LR’
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Tiém ning uc ché chon loc HDACS cua cac
dan chét pyridylalanin dugc Stefan Schafer va
cong su khai thac khi thiét ké, tong hop va danh
gid hoat tinh sinh hoc cua cac dan chat acid
hydroxamic mai. Viéc thay nhém thé R trén
vung nhan dién bé mat bang nhém methyl 1am
giam kha nang trc ché enzym HDAC6. Khi dénh
gid anh huong cua sy thay déi lién quan dén
ving nhan dién bé mat voi do dai cau ndi c6 séu
nhém methylen, tac gia ciing dwa ra két luan
ddng phan S thé hién hoat tinh tc ché chon loc
t6t hon so v&i dong phan R. Nguoc lai, khi khao

sat cac dan chat co do dai ving cau ndi 1a bay
nhoém methylen, ddng phan R lai cho thiy tiém
nang tot hon. T4c gia cling ching minh hoat tinh
trc ché do chon loc trén HDAC6 cuaa hdn hop
racemic ciia hai dong phan nhin chung déu cé xu
huéng giam. Thong qua viéc thiét ké mot loat
céc din chat hydroxamic acid véi viing cau ndi
Ia mach carbon bdo hoa, khéng nhanh vai @6 dai
khéc nhau, téc gia ciing dua ra ving cau ndi
ngdn thé hién kha niang wc ché va mic do chon
loc dbi v6i HDAC6 tét hon (Schafer et al.,
2009).

Bang 3. Cac din chit pyridylalanin trc ché HDAC6

Chat n Pong phan R
y o 5a 6 S -H
HOHN\H/H\”/N Sb 6 R -H
n OCHjs 5¢ 7 S -H
o o N R 5d 7 R -H
| Se 8 S -H

= 5f 6 Racemic -CHjs

5¢ 7 Racemic -CHs

4.2.6. Céc chat irc ché HDACG tong hop duwa trén cau tric co ban cua Trichostatin va Trapoxin
Hinh 9. Lién quan ciu truc tac dung cia cac chat ic ché HDACG tong hep dwa trén ciu tric

co ban cia Trichostatin va Trapoxin

Viing cau ndi: mach C phai cé do dai phu
hop, khéng qua ngén, n=2 c6 thé chap

nhan dwoc nhwng hoat tinh rat yéu (6a),
mach C dai lam gidm hoat tinh (6b > 6c)

H oo
oy NHOY —
O 70 3 Nhom hydroxamic acid

! e (nhém gén kém): quan
- trong cho hoat tinh

\OH

Ving nhan dién bé mat: loai bd phan 1,3-dioxan lam
tang hoat tinh va mérc d6 chon loc trén HDACS6 (6d)

Dwa trén cau tric cua Trichostatin va
Trapoxin, S M Sternson va cong su da thiét ké
céc dan chat hydroxamic c6 tiém ning wc ché
chon loc tét trén enzym HDAC6. Khi danh gia
anh huong cua chiéu dai ving cau ndi dén hoat
tinh céac chat, tac gia dua ra két luan véi cac dan

Volume 2, Issue 3

chat c6 cau ndi chira ba nhém methylen c6 kha
ning ¢ ché HDACS tt hon so voi cac dan chat
trong ung chira ciu ndi sau carbon va hai
carbon. Bén canh do, sy thay dbi trén viing nhan
dién bé mit ciing anh huéng dang ké dén hoat
tinh &c ché enzym va duoc chiing minh bang
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viéc loai bo phan 1,3-dioxan giup dan chat 6d
tang hoat tinh wc ché chon loc trén HDACG so

VGi dan chat 6a (Sternson et al., 2001).

Hinh 10. Cac chit irc ché HDACG6 tong hop dwa trén cu tric cia Trichostatin va Trapoxin

H
;N
o} (0}

6c:n=
4.3. Hwong thiét ké cac chat ec ché HDACB

Tuong ty cac chat tc ché HDAC (HDACI)
khéc, cac chat tic ché chon loc HDAC6 ciing bao
goém ba phan: nhom két thic gén k&m, viing cau
ndi, ving nhan dién bé mat (Ibrahim et al.,
2020). Qué trinh thiét ké cac chit wc ché chon
loc HDAC6 cling tudn theo phuong phap chung
khi thiét ké cac dan chat HDACI moi, thuong
thay di linh hoat nhém két thic gin kém, d6 dai
viing cau ndi, cac khung vong thom khac nhau &
ving nhan dién bé mat dé khai thac duoc dic
diém cau tric cuaa HDACS.

4.3.1. Nném gan kém

Dua trén ciu tric hda hoc ctia nhém gén
kém, céc chét e ché HDAC dugc chia thanh céac
nhém bao gom acid hydroxamic, acid béo chudi
ngan, benzamid va peptid vong (Li & Seto,
2016). Do céc dan chit acid hydroxamic c6 hoat
tinh tot va d& tong hop nén ciu trac nay thuong
dugc s dung 1am nhém gan kém. Nicholas J.
Porter va cong su nghién ciru mé hinh twong tac
gitra nhém acid hydroxamic cua nhiing dan chat
duogc biét téi c6 hoat tinh tic ché HDACS t6t voi
ion Zn?* cia HDACS6 (Porter et al., 2017). Diéu
nay cho thay, hop phan hydroxamic van pht hop
lam nhom két thic gan kém khi thiét ké cac chat
tic ché chon loc HDACS.

Acid hydroxamic la nhém két thic gin kém
day tiém ning nhung nhuoc diém dang chu y 1a
gay ra nhiéu tac dung khéng mong muén nhu
doc vai té bao than kinh, giam tiéu cau do tuong
tac voi mot s6 enzym ciing ¢ ion Zn2* & trung
tdm hoat déng nhu aminopeptidase, carbonic
anhydase (Zhang et al., 2018). Vi vay, cac

(¢} (0]
S
\(/N o] o}
6a:n=2 S
6b:n=3 6d
6  on

n
NHOH

husng nghién cau hién nay thiét ké thay thé
nhém gin kdm khong phai nhém acid
hydroxamic ciing 1a mot huéng di day haa hen,
vai ky vong sé lam giam tac dung khéng mong
mudn cua cac dan chat moi.

Nam 2005, Suzuki va cac cong su st dung
nhém  mercaptoacetamid thay thé acid
hydroxamic dua trén cdu tric cua chit din
dudng SAHA. Nghién ciru ndy cho thiy cac din
chat mercaptoacetamid ciing cho kha ning wc
ché HDAC tét (Suzuki et al., 2005). Kozikowski
Va c&c cong sy da nghién ctu lién quan cau tric
ctia nhém gin kém vai hoat tinh tc ché HDACG
cia hang loat nghién ciu sir dung nhém
mercaptoacetamid & nhom két thic gan kém
(Kozikowski et al., 2007, 2008). Nghién cuu chi
ra cac dan chat c6 nhom -SH 1am nhom gén kém
ciing cho két qua trc ché HDACS t6t va chon loc.
4.3.2.Vung cau noi
4.3.2.1. Vong phenyl

Nhiéu nghién ciru da chirng minh céc chat wc
ché HDACG chon loc ¢ ving cau ndi 1a vong
thom s& cho hoat tinh wc ché tot hon (De Vreese
et al., 2013; Ho et al., 2018; Lee et al., 2018;
Leonhardt et al., 2018; Senger et al., 2016; Yang
et al., 2018). Diéu nay duoc giai thich nho viéc
c4c lién két d6i C=C trén vong thom hinh thanh
tuong tac xép chong - m véi cac acid amin
thom Phe583- Phe643 trong cau trdc ving xdc
tac CD2 trén HDACG6 gitip tang hoat tinh ic ché
chon loc trén enzym nay (Porter et al., 2018).

Nam 2021, Feng He va cac cong su da thiét
ké, tong hop cac din chit mang khung ving
nhan dién bé mit va nhom gin k&m giéng nhau
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ddng thoi thay doi cAu ndi 1a nhom phenyl va
cinnamyl, két qua cho thiy ring cac dan chit c6
cau ndi phenyl e ché HDAC6 chon loc hon so
v6i dan chat cinnamyl (He et al., 2021). Tir do,
viée thiét ké cac dan chit HDAC6i méi sir dung
cau ndi phenyl s& tdi wu dugc hoat tinh trc ché
chon loc HDACS6.
4.3.2.2. Vung cau néi alkyl mach thing

Niam 2020, Ritu Ojha va cong su da tong hop
ddy dan chat isoindonlin véi nhém acid
hydroxamic 1am nhém gan k&m va chi thay ddi
cau néi nhu mach thang alkyl c6 d6 dai tir 2C
dén 8C va cau ndi phenyl. Do cau ndi mach
thang c6 cau tric khdng gian it cong kénh hon so
Vi vong thom cung sé cacbon nén it bi can tro
khong gian cua nhém gin kém tir d6 tc ché
HDAC6 manh hon, tir d6 chirng minh rang cling
6 8C & cau nbi, dan chat c6 mach alkyl thiang cé
hoat tinh Gc ché enzym HDAC6 manh hon dan
chat mang cau phenyl (Ojha et al., 2020).

Isozym HDAC déu c6 d6 dai ving ki nudc
khac nhau nén d6 dai cua ving lién két quyét
dinh su chon loc trén cac HDAC. B&i vi néu do
dai vang lién két dai qua hay ngan qua so Vi
ving ki nudc thi déu anh huéng dén ving nhan
dién bé mat twong tac véi bé mat enzym hay
nhém gan kém twong tac véi ion Zn?*. Nim
2020, Jeremey D. Osko va cong su da dua ra do
dai vung lién két 1a 3-7A phi hop cho hoat tinh
trc ché chon loc HDAC6 (Osko & Christianson,
2020).
4.3.3.Vung nhdn dién bé mat
4.3.3.1. Khung vong thom va di vong cong kénh

Bai vi mdi HDAC c6 chiéu rong khac nhau &
ving nhan dién vai cac acid amin bé mat kénh
enzym nén viéc thiét ké viing nhan dién bé mat
phi hop bé mat enzym ciing s& gidp thé hién tac
dung wc ché chon loc véi cac HDAC. Ving bé
miat cia HDAC6 c6 kich thuée khoang 17.5 A
va rong hon so vai cac HDAC khac (Butler et
al., 2010). Do d6, hudng thiét ké cac dan chat c6
ving nhan dién bé mat c6 chia hé thong céc
vong thom va di vong cong kénh thuong ¢ kha
nang tc ché chon loc HDAC6 (Khetmalis et al.,
2023; Moi et al., 2022; L. Yao et al., 2018).
4.3.3.2. Cac khung ciu tric c6 dang chac chit Y
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Gan day, nhiéu nghién ctru da chimg minh wu
diém hoat tinh sinh hoc cua chac chit Y véi viing
nhan dién bé mat cia HDACG6 do d6 d tao nén
mot hudng thiét ké mai cua cac dan chat uc ché
chon loc enzym HDACG6 (Depetter et al., 2019;
Hashimoto et al., 2022; Hideshima et al., 2016;
Huang et al., 2017; Ruzic et al., 2022). Biéu nay
giai thich theo cac gia thuyét cua L. Santo (Santo
et al., 2012) va P. Huang (Huang et al., 2017),
mot s6 dan chét c6 lién két carbonyl ¢ bén canh
chac chir Y c6 tao lién két hydro véi S531 &
viing L1 chi ¢ trén viing bé mat trung tdm hoat
doéng cia HDACSG (Porter et al., 2017). Bén canh
d6, cac vong thom phin nhanh ciling tao nén
twong tac voi ving lap L1 va L7 trong cAu tric
cua enzym HDACSG (Porter et al., 2017).

5. Ban luan

So véi cac enzym cung loai, trung tdm hoat
dong ciia HDACS c6 1ong kénh enzym ngén hon
va mo rong hon vé phan miéng tai. Tir dac diém
cau trdc nay, cac dan chit wc ché tuong ung
thuong c6 phan cau ndi ngin hon nhu alkyl
mach ngan hay benzamid giup ting tuong tac
xép chdng m-  véi cac acid amin thom Phe583
va Phe643 tir d6 tang tinh chon loc trén HDAC6
so véi cac enzym trong ho. Vi ciu tric vong
acid amin trén miéng tii enzym mé rong hon,
nhitng chét Gc ché c6 cau tric nhém nhan dién
bé mat chtra cac hé vong thom va cong kénh s&
khai thac dugc cac twong tac vai cac acid amin
vung nay. Bén canh do, HDAC6 c6 3 vong lap
L1, L2, L7 thi viéc thiét ké cac dan chat
HDACSi c6 cac khung ciu trdc phan nhanh chac
chir Y s& lam tang tuong tac véi cac vong lap tur
d6 cing tang tinh chon loc trén HDACG6. Céac
tuong tac nay gitp cho chat ¢c ché ¢ kha niang
gan chat hon véi HDACS, tir d6 lam ting hiéu
qua va mic do chon loc e ché enzym nay.
Dong thoi, nhiéu nghién ciru da chi ra rang phan
két thic gan k&m la yéu té quyét dinh hoat tinh
ic ché HDAC6 do phan nay dong vai trd tao
phitc chelat don cang hoac hai cang véi coenzym
Zn?* & day cua kénh enzym. Nhiéu céu trac ciing
cho thdy sy phi hop dé nhom gin kém nhu
nhém acid hydroxamic hay mercaptoacetamid.

Dinh hudng thiét ké cac dan chét chon loc Gc
ché HDACS c6 thé bat dau tir viéc mo rong, thé
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nhém cong kénh hoic cac khung phan nhénh
chac chir Y trén cac vong thom co nhiéu hoat
tinh sinh hoc da duoc chirng minh nhu quinolin,
fluorobenzen, diketoperazin, quinazolin,
indirubin, benzimidazol... Tiép theo, ving cau
ndi cac dan chat dung nhom phenyl gitip ting
tinh chon loc trén HDAC6 hay mach alkyl ngén
(4-5 carbon) dé ting hoat tinh tc ché HDACS.
Cubi cung, nhém gin kém c6 thé dung nhém
hydroxamic acid dé gin chat véi enzym Zn?*
ting hoat tinh ¢c ché HDAC6 hoic nhém
mercaptoacetamid tir d6 giam tac dung phu do
nhom hydroxamic acid gay ra va tdng tinh chon
loc trén HDACS.
6. Két luan

Bai viét di giéi thieu vé enzym histon
deacetylase 6 voi tiém ning dwoc biét dén trong
diéu tri ung thu. Tur cac nghién ctu vé dic diém

cau tric trung tdm hoat dong va lién quan ciu
tric tac dung cua cac chit tc ché trén HDACS,
ching ta c6 thé thy riang hoat tinh tc ché chon
loc trén HDACG so vai cac enzym HDAC khéc
bi anh huong boi viéc thay ddi cac nhom thé
hodc do cong kénh trén cau trdc khung & ving
nhan dién bé mat, do dai cua ving cau ndi ciing
nhu sy thay d6i nhém gian kém. Qua trinh thiét
ké dam bao cho viéc t6i vu hoa kha ning lién két
Véi trung tdm hoat déng cua HDACG6 va khai
thac duoc nhimng dic diém khac biét cua enzym
HDAC6 dé dua ra nhitng ciu trGc méi nham
dinh huéng tang kha ning @c ché chon loc
enzym nay. Viéc hé thong hoa cac nghién cau vé
enzym HDAC6 ciing nhu cac chit tc ché chon
loc trong nghién cou téng quan giup dua ra
nhiing goi y dé phat trién huéng thiét ké chon
loc cac dan chét nay.
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KHOA HOC SU’C KHOE
TONG QUAN VE HDAC6 VA CAC CHAT UC CHE CHON LQC
HDAC6 HUONG TAC DUNG KHANG UNG THU
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Tom tit:

Histon deacetylase 6 (HDACS6) la mgt thanh vién cua ho HDAC thugc phan nhom Ilb.
Enzym nay dwoc tim thay chu yéu trong té bao chat cua cac té bao chuwa phdan héa nhw té bao goc
phdi, té bao than kinh va mét s¢ dong té bao géc ung thi. HDACG tham gia vao qud trinh loai bo
nhém acetyl cua nhiéu co chdt khdc nhau nhu a-tubulin va HSP90a. Cdc chdt irc ché HDAC6
dwroc chiing minh 12 ¢6 tac dung cho diéu tri trong c&c logi ung thw & giai dogn sém va tién trién,
mét s6 roi logn thodi hda than kinh va cac bénh Iy khdc. Do d6, HDAC6 la mét trong nhitng muc
tiéu phan tir tiém ndng trong nhiéu nam gan day. Trong bai tong quan nay, ching toi sé trinh bay
téng quan mét sé dac diém cdu tric néi bt vé trung tam hoar déng cua histon deacetylase nay,
tong hop mét sé nghién ciru danh gid lién quan cau tric-tac dung cua cac chat izc ché HDACG
ciing nhw mé ta dinh hwéng thiét ké cac chdt irc ché chon loc.

Tir khoa: Chadt sc ché chon loc HDAC6; HDAC6; Ung thu.
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