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Research progress of cystic fibrosis and its therapies
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Abstract: Cystic fibrosis (CF) is a common and life-threatening autosomal recessive disorder in Caucasians
populations. The disease is caused by mutations in the cystic fibrosis transmembrane conductance regulator
(CFTR) gene. The absence of mature CFTR at the correct cellular location or dysfunction of CFTR proteins has
been observed in CF patients. CF is frequently accompanied by a variety of complex complications, such as
impairments in pulmonary functions, which may lead to successive infections and respiratory failure. Recently,
with the understanding of the pathogenesis of CF, a wide array of therapeutic strategies for the treatment of CF has
been designed. This review summarizes pathogenic mechanisms of CF, mechanisms of action of drugs, routes of
administration, and new drug development as well as provides insights into the advanced treatment strategies for CF.
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Figure 1  Model showing proposed domain structure of cystic

fibrosis transmembrane conductance regulator (CFTR). MSD1 and
MSD2: Membrane spanning domains; NBD1 and NBD2: Nucleotide
binding domains; every membrane spanning domain followed by a
nucleotide binding domain. R is an intrinsically disordered region
between NBD1 and MSD2. PKA: Protein kinase A; ATP: Adenosine
triphosphate; ADP: Adenosine diphosphate
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1 ) g 52 40 Bk Ok IR T V5, BLRE CRTR 38 28070 R i 1
A, BRI E B WA 1.
3.1.1 Kalydeco /2 # %= il 25 A @ (Vertex Pharma-
ceuticals, Inc.) # H 25 —ANVG T CFTR 2[R 5848 (1) 1
AR5, 8 2 oK R G (ivacaftor, SRR VX-770),
b2 285 0 L 2AP) E BLE B F I 1 R (R RAR,
2y 7 s B 1) 5%) 144 H B DL B CF 3, R
7 5 4% G551D. G1244E. G1349D. G178R. G551S.
S125IN. S1255P. S549N. S549R. It #h, X} R117H 2§
T (JETIVRERA) 5l &M CFifa —EiRITIER.
Kalydeco 15 & 45 5 107 (1) 5 4 — ke il FH B, JHG 24 200 o
JhAR AT 4R 2.5~4 1%, 6 % DL B )L KR 1 HERE
7 B N 150 mg-12 h*®, |vacaftor 7] {2 47 &= 4 il 6
[ CFTR & [ (13 P, a8 i 19 in CFTR & i & 1) i

Table 1 Drugs for the treatment of cystic fibrosis (CF)

AR FF TR [R), 2 3E CI iz, 19 7Kk 33k H 4t AR 1) e
73, WNTI FEAI CF B8 R R FE . A W Fi % 635 44 2
%2 ivacaftor ¥ JT # CF B 3 (SL364H) #E47 T 5 /I8
ERA A, 25 3R oR 5 R AHH ivacaftor 0 fEZH AR EL, 5E
56 2H 585 1 i Ty e B o0 R A, L SR 2 R A
A EF5 % (body mass index, BMI) (523641 + 2.4 kg-m?,
SRR + 1.6 kg-m®) = T 5% HE 4 A, S0 24 i
{10995 155 R AT R A Bt AT R A ¥ 3 P AR

3.1.2 Orkambi 4@z 242 w4t i) —Fh ivacaftor
Al lumacaftor (43416, Xk VX-809) It A 11 & 77 il
7, & F T 2 % F LA _E () F508del 41 4 7 9 35 ] CF &
&, X HHE CFImE 1/2 bl L. BFFt I, Orkambi
555 1 o & 1R) Ak T B S5 38 0 lumacaftor (245 3™,
Lumacaftor (k2% 45 14 L &l 2B) 7] £ = F508del-CFTR
R G Fa e P, BH ok LR A, AT A 38 i 240 i 3% T )
CFTREHMEN 2 . (H/ 8 35K 4H M 3£ 1 1Y) F508del-
CFTREH A RE R AT 142 575, 4 lumacaftor 55 ivacaftor
YK FH BT, T A Ak o 1) 428 e 6 1R R B, 1 — 20 8 Bk
Y TH ) CFTR & I ThRg .

{H lumacaftor #& 4l ffd 4 2% P450 3A (cytochrome
P450 3A, CYP3A) 5% 5 57, 1fi ivacaftor & CYP3A
(AR JEC A, T o BB FH 4 4 4 ivacaftor 1) 4k P 2= 22 34,
B AR LT Rk, WOCE IBE A FH 245 ) B 3 >4 386 0 ivacaftor 7]
&, H NS 5 BUR K SR 9T SR EUEUE 1) CYP3A A
X H . Orkambi (14 11 I R E8 25 S W, lumacaftor
Al ivacaftor 5% il 24 i J5 , F508del-CFTR 4 & 1 R A%
i > 12 % (1) CF B3 T 2 M R 47, il h EAN BMI (3 m
0.24~0.28 kg-m?) ¥ 13 2| o 5, il 6 % 16 2 (fewer
pulmonary exacerbations, PExs) [ 30%~39%™,
3.1.3 Symdeko J&tezacaftor (FFLK+E, XFRVX-661)
Al ivacaftor & FH 1) &2 75 i 1), 2 250& FH T 6 % LL i)
F508del 41 1~ R A8 K ffA K LL“ b AR Th g i) F508del
IETRALM CF . [FFE, Symdeko 5 & IRt &4
[E] RS R 4. Tezacaftor [14k 224544 (12C) KAEFIML

Classification Name Active ingredient Function Time to market
Drugs for CFTR gene Kalydeco Ivacaftor CFTR potentiator 2012
Orkambi lvacaftor CFTR potentiator 2015
Lumacaftor CFTR corrector
Symdeko lvacaftor CFTR potentiator 2018
Tezacaftor CFTR corrector
Trikafta Ivacaftor CFTR potentiator 2019
Tezacaftor CFTR corrector
Elexacaftor CFTR corrector
Drugs for clinical symptoms Pulmozyme Dornase alfa Mucolytic agent 1993
TOBI/Tobi Podhaler Tobramycin Antibiotic 1997/2013
Cayston® Aztreonam Antibiotic 2010
Colistin Colistin Antimicrobial peptide 1959
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Figure 2 Structures of drugs for CFTR gene. A: Ivacaftor; B: Lumacaftor; C: Tezacaftor; D: Elexacaftor
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2y, B H 2, IR 1 (& %4 % % 300 mg). Tobi
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(Podhaler®) 524, £ H 2k, fHIR 4 KL (B RL & Z AR 3
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SRAR AR B, 2 A0 A5 2 1T 4 B 40 L 1 30S A% B 4
VAL S5 G, 50 R ) B SRR B, SO 4 A e
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3.2.3 Cayston® =& i (aztreonam) Wil 51,
T o5 il 0 A ) AP B L SR L 1) CF BB 1) R R
K. Cayston®il it Altera® 5 {b #4845 2, & H 3K, BiX
FIE 75 mg. 2l Eg R4k 2R 5 LI 3C, BT S 4N e
1T 87 2 45 G B 1 3AEHH, 0 4 A 40 PR BE 5 ik, e X
SN AR AT, DR, 2 T R o B 2 B
A B A BUAETEE . Cayston®K 1] 22 45 1 PR i 3
gh R LUK, $52 Cayston®iA 97 (1) CF 38 [ il Thise Je 4=
T AR A 2 B Bk, B AT Cayston® LSz M 3R
CFEH BT, 0 5N 241 8 R 28 B P,
3.2.4 Colistin %% & (colistin) F& — F a7 1F H#L (K] 31
IR FHEK, BT 2R BEEXE, XHRZHERE
(polymyxin E), X %5 2 [ 4 B HL A5 5 K ¥ 2% 1 1 FH P2

B E i LA BRRIR A =K BB 1N F K I R
g (E3D)P., AR BA S8 E
20 2 70 4E UG, IR E OB AR . LR, mT
SR i 25 1 ) P AR, B AR B 2 2 2 M 22
PR 1) B B 2R EE RN PR o 3 1 3R 10 o B /R 2 08
ok 5 4 B Ah B E (1) HE £ #E (lipopolysaccharide, LPS)
gh4, LPS n] BH 1k 40 A 23k N 20 Mo, =2 4t 1R A1 I R 45
Y ER M EBER D> 2 —. 7 1E I &5 LPS
HR AT A7 HL P I A B F LA A, TSR G I U A B
A LB Mo AT Ca*, B I 4H B A1 5 1 A 1k, S BT
AR G HENA L . TR, B 3RO T 3 R 4 A A
WEE, YN AR, KA SRR
b, B RERGHNTFREM, BRARANEHERM
FER Sy, B R E AR A S N RS
PE H P,

R, SR B AREE AT A — R A =
(colistimethate sodium, CMS) i@ it & i 7145 25 75 0 AE
G ARAEH . teak, HIRESMF BB ER AT 8 % (colistin
sulphate, CS) A M . IAHT A 2] RG24 A F H
FULTR RN T 1 7 30 a2 2 il Y, R H R R
AR B R RIS s, 5 O B TR I RO AR VR
g3 J% CF 235 Jifi D) e 10 25035 475 0 2% B 3 T RN IT %
e 2 B 5
4 B CFTRIATH

BT CFTRR A iz B, 423k 90% CF &
& il T B A8 R IUAT B T B3, EATY A £ 10% (1
B TABURYT k. Ak, & Wt 513K B ivacaftor
FEANBE T8 AT BRI 1145 9878 51 {2 1 Th R Bk f, K A8
F ivacaftor 7] §E % F508del-CFTR &5 [ A — & 1) 40141
PEFHRE, R, 378 CRTR R4 7 B SAE T A (£ 2).

Figure3 A:Schematic diagram of rhDNase | (PDB ID: 4AWN). B-D: Chemical structures of tobramycin (B), aztreonam (C) and colistin (D)
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Table 2 New CFTR modulators

Name Company Mechanism Study phase
GLPG1837  Galapagos Enhance the activity of CFTR protein Phase Il clinical trial (ClinicalTrials.gov Identifier:
NCT02707562)
GLPG2451  Galapagos Enhance the activity of CFTR protein Phase I clinical trial (ClinicalTrials.gov Identifier:
NCT03214614)
QBW251 Novartis Enhance the activity of CFTR protein Phase Il clinical trial (ClinicalTrials.gov Identifier:
Pharmaceuticals NCT02190604)

ELX-02 Eloxx Pharmaceuticals Inhibition of CFTR gene nonsense mutation,
enhance the activity of CFTR protein
GLPG2222  Abbvie and Galapagos Increase the number of CFTR protein on the cell

surface

Planning phase Il clinical trial (ClinicalTrials.gov
Identifier: NCT04135495)

Phase Il clinical trial (ClinicalTrials.gov Identifier:
NCT03119649)

41 GLPG1837

GLPG1837 /&3¢ ! CFTR ¥ %47, H #i 1F 4L T I PR
WA B, GLPG1837 (K 4A) i1k 245145 ivacaftor
AN, AH =38 AR T ML 2R AL . 3 R R 24 P B FH B 2
L SE G PRI ERAE A, B) —F mTReVEH TR — 45 & 00 .
W72, ivacaftor fl b, GLPG1837 % G178R.S549N.
G551D . R117H 5§ % 48 44 35 R B W0 4F 97 & . H
ivacaftor X CFTR & [ )21 1 /73 = T GLPG1837, #it
T T FH R A DL CLPG1837 FIHEf 77 & . B Ah,
I F 250 95348 A B GLPG 1837 %t lumacaftor 141
FH B A% T ivacaftor®!, ix 2 ] GLPG1837 5 lumacaftor
I AT e T HL AT
42 GLPG2451

GLPG2451 5 CFTR 38 257, £ iy i & 7 i 55 5
AR AE GLPG2451 1 24X 5 11 7 R v S HLAIK CYP 5
T8 71, ¥ GLPG2451 F1| it R A% %k 25 1" . BiF 98 K
I, GLPG2451 1) 1k % 45 ¥y (&l 4B) 5 GLPG1837.
ivacaftor ¥ A~ [A], {H HAE FHHL#I Je 45 0r i 5 Bk Py
iR, B =F AR e P AR . [EB, 5 ivacaftor
A Bt , GLPG2451 %} F508del-CFTR ) /€ H B 5 ; 5
GPLG1837 #f{tt, GLPG2451 X} CFTR ¢ 1E 71 ) 6/t Th 5

HN

Ny

Wi B /NP, H R, GPLG2451 i Ilfs R Al 22 4 1 BF 45
B RAF, SR NI RIS BT
43 QBW251

QBW251 (icenticaftor) f& —Ff [ Jlk /N 73 ¥ CFTR
B, Fofb 2454 L 4CPP, 9T R B QBW251 7
NIRRTV R CF B 3% T B R S AR T, mr ks
BFEINGE . {H QBW251 X} F508del 73 48 1) & # I %
A B EITR, XA AL T ISRV R 248 B3 i 4n
MiZR A 2 CFTR & [, 1l F508del 2 7% £ % 1) 41
I CFTR HE G D B, TR ] 7 QBW251 HY
WRER . R, QBW251 5 CFTR A% 1E 1 Bk F AT fig
JYRCE T . AN, WA 5T ] QBW251 X g R
M CF B #A R (i 52 M A2 4k, 3k — B Ak
FABLHIAF 72 A T
4.4 ELX-02

ELX-02 (3L FK NB-124) f& —Fligh B /N4y 7 3%
TR AL, JoAk 2% 45 0 WL 1] 4D, UL ¥R 97 = R
RAZ G| LB « T R L i g b P = I R 1)
WD B R A AR A AR R 2 R T T (UAA.
UAG 5L UGA), M i Jik i & i i 4 1k, K15 2 h Bk
WM. M, Jo AR AT FE (K mRNA A8 e 1, 5

Figure 4  Structures of new CFTR regulators. A: GLPG1837; B: GLPG2451; C: QBW251; D: ELX-02; E: GLPG2222
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