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Metabolism of a promising anti-tumor agent CAT3 in vitro
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Abstract: CAT3 is a promising anti-brain tumor agent that has significant anti-tumor activity on Daoy or
U87MG orthotopic xenograft in nude mice. This study was carried out to investigate the metabolic profiles of
CAT3 in mouse/dog/human blood and microsome as well as in humanized recombinant enzymes. All animal care
and experimental procedures were reviewed and approved by the Animal Ethics Committee of Chinese Academy
of Medical Sciences. Our findings showed that CAT3 could be hydrolyzed to active metabolite PF403 by carboxy-
lesterase, butyrylcholinesterase and serine hydrolase in mouse/dog/ human blood. PF403 could be further metabo-
lized to M1 oxidative dehydration product, M2 double oxidation dehydration product, M3 methylation oxidative
dehydration product, M4 oxidation product and M5 demethylation product, which were mainly catalyzed by
CYP1A2, 1A1, 2C9 and 3A4, and slightly by CYP2B6, 2C8, 2C19 and 2D6. Besides oxidative metabolism, PF403
also was transformed into glucuronylation metabolites GLU-PF403 by Phase Il enzymes UGT1A1, 1A3 and 1A9.
Taken together, the metabolism of CAT3 was a multiple enzyme catalytic reaction. These results could provide
valuable information for potential enzyme-mediated DDI in clinic studies.
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Figure 1  The structures of CAT3 and PF403
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Table 1
BNPP: Sodium bis-p-nitrophenyl phosphate; DTNB: 5, 5'- Dithio-
bis-nitrobenzoic; EDTA: Ethylenedinitrilotetraacetic acid; EGTA:
Ethyleneglycol-bis(2-aminoethylether) - N, N, N', N'- tetraacetic acid;

Inhibitors and concentrations of esterase enzymes.

iso-OMPA: tetra isopropyl pyrophosphoramide; Pefabloc®SC: 4-
(2-Aminoethyl - )benzenesulfonyl fluoride hydrochloride; PMSF:
Phenylmethy-sulfonyl fluoride; CE: Carboxyesterase; AChE:
Acetylcholinesterase; PON: Aromatic dialkyl phosphatase; BChE:
Butyrylholinesterase

Inhibitor Isoform Concentration/mmol - L
BNPP CE 0.5
BW284C51 AChE 0.01
DTNB Arylesterase 10
EDTA PON 20
EGTA PON 10
NaF Total esterase 100
iso-OMPA BChE 0.2
Pefabloc®SC Serine hydrolase 1
PMSF Serine hydrolase 1

F160 min 5 &1k RN . RNAE R A 200 pl, A HLIE
B E<1%, B 3N TATHE . & P& - BOR A4 43 3] 15
0 h e HE A IR iz 1 £ BH 1 f B
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SN JE , 37 °C i 60 min 28 1k 5287, W 5E A Ui A A R
TR, W AR 770 AT BH PO B2 . & [F) L
PH A 401 1) 7500 B AR et I 420 AE T AWORYL A r (1 3 59 94 52 A
I IE] IR 284, @ A YAk 25 4 i il 00 44 &R PF403 (&%
W5 umol - L) 4 5l 5 14 4~ N4k 5 4§ CYPLAL,
CYP1A2. CYP2B6. CYP2C8. CYP2C9. CYP2C19.
CYP2D6. CYP2E1. CYP2J2. CYP3A4. CYP4A1ll.
CYP4F2.CYP4F3.CYP4F12 (£ ¥ /% 50 pmol - mL?)
7 37 °C TR % 5 min J&, )1\ NADPH-GS 20 pL J& 5
SRL, P L0 JE 2B (n = 3). T TR AR RLA
200 pL, A HLVE R & B<1%. &4 5 HE K R 5%
58 BE PR A A4
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TN S BR R BN T R R IR R R (B R
0.5 mg-mL?), FIATHH &R [ K50 pug - mg?
(pro)] vk ¥ % 4L 15 min, 37 °C i i 5% 5 min J5 o A
UDPGA (23 % 3 mmol - LY Ji 3l e b, 5.5 15 min J&
KRB (n = 3). AR N 200 b, A L&
HE<1%. LL4-MU {F PH A X R0 TIE 5 55 44 & ml S L,

£ 5 GLU-PFA03 &R AR EH UGTSEE L E
PF403 (43K J%¥ 1.10 pmol - L'Y) 43 1) 5 13 Fb A JF # 41
UGTs filf (¥ 0.2 mg-mL™) 7E 37 °C il iz % 5 min,
BN UDPGA (£ 5 5 mmol - L) 2 3 ) 32, 30 min J5
KRN o SRR AR AR 200 pl, B HLIE<1%. 52
56 18 5 BH P I A %o B2 1590,

R BLRAIE R AR ERRLRECH] SN R I N
FrB 2 (AR UK Z 15 (1S-1 F11S-2, 3Kk /8 ng-mL?
Je 2 pug-mLt) ek, WA, s B0 (14 000 r-min't,
5 min) PR, B EIE R 10 pb FEAT W 2 A, [E) A A
25 AR o

1H: Hf BR X CAT3.PF403 )z GLU-PF403 #r ifE i,
DMSO ¥ it 1 mg-mL* i & it 25 W 2 576 R
HN— FRFVREE TARME THl & prdb i 2. B 128 R
100 pL, 5 2,15 150 pL 8 & J5 I N AS [A) ¥k B CAT3.
PF403 Fl1 GLU-PF403 Fx 1 i 25 10 pbL LA K2 N bR s 55
10 pL (IS-1F11S-2, 9K %9 8 ng-mL™* 2 2 pg-mL?),
JRA], FE B L (14 000 r-min, 5 min) G, B_E
7 10 pL 347 LC-MS/MS 73 #1 . M1~M5 T 0} fE i,
DA PF403 AH % 72 &

M & % K | ZORBAX SB-C18 column
(2.1 mmx100 mm, 3.5 um) 4% FE, AR 25 °C; i sh
4 0.1% R /K A1 0.1% H R 20, SR I BR B e it . 7
SPAT I N W (parallel reaction monitoring, PRM) 45 5,
R IE B AR, E & 5 HT RSB TN CATS3, m/z
434.23—70.07; PF403, m/z 350.17—70.07; GLU-PF403,
m/z 526.21—70.07; 1S-1, m/z 364.19—70.07; 1S-2, m/z
625.18—317.07; M1, m/z 348.16—348.16; M2, m/z
346.14—346.14; M3, m/z 362.14—362.14; M4, m/z
366.19—70.07; M5, m/z 336.23—70.07.

Table 2 Substrates, inhibitors, concentrations, analytes and incubation time for the assay of CYPs activity in liver microsome®#. DETC:

Diethylthiolcarbamate

Inhibitor (Concentration/umol - L) Isoform Substrates (Concentration/umol - L%) Analyte Incubation time/min
Furafylline (2, 50) CYP1A2 Phenacetin (50) Acetaminophen 20
Sulfaphenazole (2, 10) CYP2C9 Diclofenac (10) 4-Hydroxydiclofenac 10
Ticlopidine (5, 25) CYP2C19 Mephenytoin (50) 4-Hydroxymephenytoin 20
Quindine (1, 10) CYP2D6 Dextromethorphan (10) Dextrophan 10
Ketoconazole (5, 50) CYP3A4 Midazolam (5) 1-Hydroxymidazolam 10
DETC (1, 10) CYP2E1 Chlorzoxazone (100) 6-Hydroxychlorzoxazone 10
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Figure 2  Stability of CAT3 in mouse/dog/human blood (n = 3)
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Table 3  Effects of esterase inhibitors on the hydrolysis of CAT3
in mouse/dog/human blood (n = 3)

Inhibition/%

Inhibitor Isoform Mouse Human Dog
BNPP CE 66.57 -22.46 -14.29
BW284C51 AChE 10.51 4.04 -3.68
DTNB Arylesterase -5.42 -13.22 -16.98
EDTA PON -6.86 6.79 5.74
EGTA PON 1.92 11.50 -24.38
NaF Total esterase 63.61 35.11 27.68
iso-OMPA BChE 63.85 39.51 16.65
Pefabloc®SC Serine hydrolase 81.17 46.18 20.59
PMSF Serine hydrolase 53.40 52.32 20.18
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Figure 3 Time-dependent decreasing of CAT3 and formation of PF403 in mouse, dog and human liver microsome (n = 3)
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Figure 5 Formation of M1-M5 in recombinant CYPs. n =3
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Figure 4 Effects of selective CYPs inhibitors on the formation of CAT3 metabolites (PF403, M1, M2, M3 and M4) in human liver micro-
some (n = 3)
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Figure 6 Kinetic plots of GLU-PF403 formation in mouse, dog
and human liver microsome. n = 3
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RVEZGEAE FH R T A, A BT IR0 A N AR 8
REAE o 2590 A P9 A2 0 2 A0 B 3 B2 43 R T IR B
(AU 3B JRORIK A S BE) FITIAE S BE (454 M) o FE T
FR LSRR, A& PDAE | AHBG (B CYPs 55) [I1E
AR AR K 28 5 M 3 ] (-OHL-SH.-COOH.-NH,).
FETUA e ST A2 v, A1 B AR = M0 1E ARG (76 2
R T TR e % I R B L B AE) /R T S 40 A KLt
BE A U T R AR BRI P R SR 4 S A LS A R T
He A fh 10,

FREG1E N — KRS 54U G I EEZR R, /£
J 38 ML SIS T2 40 A, 25 K29 10% 96 97 245
YRR, AL B R A K AR N, B — SR T 23S
1, 25 RE, HE A R W) I I R A ) A DGR,
PF403 & KSR =4 CAT I1i& VEAR I 9, L85 PR AH X 45
/N AE T RIR WAL 22, 8 45 K L5 i R iR R AL A 1) CAT 3,
A HL T 5 W G P S ) 43 AT . 7E /N BR AR IfLHh CAT3
Z IR TR TG T Tt IE Rl I ey % 22 S R /K Sk T 142 A 7K i,
{E K i 3 Sz 3z KT N R R 4 I, 3% 7T g 5 G i 7
HHZAHP I RIE IV DL RE S PR A D THIAE T I
JEBZE A . SCHRIRIE KR iy, /NI R iy (0 4k & 420,
B 5 1k LR 32 R T i /K A, T R 5 /0N B OR R RTA
FHEE, B3l TUP A & TS PR R e g 12, GX v B8 2 L
R ik CAT3 Ja AR EE K T/ B (299 1.5 4%5) 1)
FEJGH . AT TR LB CAT3 7K 1 16
AER, HR B ARG 8 A5 — i E At — &
RS 5B R G WK IR, AHEBR €412 5 CAT3 K
I P RE o

Table 4 The formation of GLU-PF403 in human recombinant UGTs in vitro. n = 3. a: 4-MU as positive substrate; b: Diphenhudramine as

positive substrate. /: Not detected

Velocity of GLU-PF403 formation/pmol - min*-mg*(pro)

Positive control-formation of metabolites

Isoform

1 umol-L* 10 umol - L* (velocity/pmol - min*-mg™(pro) or peak area/x10°)
1A1 19.05+2.01 206.9 £19.81 197.17 + 15.87¢
1A3 4.14 £ 0.55 43.96 +7.13 170.73 £56.30 2
1A4 / 1.06 +0.17 27.88 + 1.40 (peak area/x10°)°
1A6 / / 6673.9 + 2884.58 *
1A7 / / 2157.51 + 254.83 *
1A8 / 8.67 £1.92 340.46 + 53.93*
1A9 2.65+0.45 52.19 +5.37 1435.97 +23.19*
1A10 / 3.39+1.32 188.85 + 64.42
2B4 / / 27.18+3.00°
2B7 / / 187.10 £ 17.68 2
2B10 / / 0.32 £ 0.05 (peak area/x10°)°
2B15 / / 283.01 +35.39*

/ /

2B17

14.14+0.60*
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AR S 2 EAR M B8 5, 0 A 1 K& CYPs g,
1 CYP1A2.2C9.2C19.2D6.2E1 1 3A4 /& & 5 24 W)
AR Y 32 B RYEST, 78 N R O 4 i B 4 2w R
IR 6 32 ZE CYPs [R] TR i 3% B PR A0 77, T 78
M1~M4 A i 2 BgfE AL AR #2, 9F H—FF CYPs
fifg 37 7R W] AL M1~M4 R 2 AP E . 7 14 Fif
N VB AL 40, CYP1AL. 1A2. 2C9 1 3A4 = fiE 4k
PF403 X #f 1) = Z CYPs [F] T. [, CYP2B6.2C8.2C19
M2D6 W B H bES Y,

UGTs AZ1E T FFRcRi A b, — 2R R T #44k
B, /N BRI R OR AR 28 T B 25 58 FL G vl 1k
PF403 4 1% GLU-PF403, {H A7 £ — & Ml & % 7, 5/ I
A, A AORE T GLU-PF403 11 4 i 5 R B g 2
XA HE A T UGTs RIE, 1% M K Ji 0 3k 45 4 A7 16 Fb
J& 2. (E 13 Fh AR E 241 UGTs I i 18 & HF UGT2B
F A2 5 GLU-PF403 ) 4 B, 1 UGT1A 5 ik
UGT1A1.1A3.1A9 /2 2 5 GLU-PF403 4= il /Y = E [F]
THf, UGT1A4. 1A8 AT 1IAL0 /b ES 5,

2R ik, CAT3 ] 4 g il 7K fif 9 PF403. PF403
1E 2/~ CYPs [A] LB AL T 2E 5 2 AN A A AR =4,
5k [FIF, PF403 36 0] 22 UGTs [A) L B 4k A= B ITAH 45
A7) GLU-PF403, Fik 45 R4 7R, CAT3 [ A=W 1k
2B R R B FE, AR EE A T 00 25 AH T
YE AT IR PR G

References

[1]1 ChenJ, LvH,HuJ,etal. CAT3, anovel agent for medulloblastoma
and glioblastoma treatment, inhibits tumor growth by disrupting
the Hedgehog signaling pathway [J]. Cancer Lett, 2016, 381:
391-403.

[2] Liu YL, He J, Abliz Z, et al. In vitro stability and metabolism of
02, 03', O5'-tri-acetyl-N6- (3-hydroxylaniline) adenosine in rat,
dog and human plasma: chemical hydrolysis and role of plasma
esterases [J]. Xenobiotica, 2011, 41: 549-560.

[3] Bi YF Liu S, Zhang RX, et al. Metabolites and metabolic
pathways of mesaconitine in rat liver microsomal investigated
by using UPLC-MS/MS method in vitro [J]. Acta Pharm Sin (%4
2247, 2013, 48: 1823-1828.

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Mi JQ. Establishment of BCRP-MDCKII Cells with High
Expression of Human Breast Cancer Resistance Protein &
Preclinical Pharmacokinetics of H002 (A 5 14, 3 Jls g i 25 2 A
751215 BCRP-MDCKI | 411 g 15234 {1 72 57 HOO2 I PR T 25 45) 7
2£HE9T) [D]. Beijing: Peking Union Medical College, 2016.
Uchaipichat V, Mackenzie PI, Guo XH, et al. Human UDP-gluc-
uronosyltransferases: isoform selectivity and kinetics of 4-methy-
lumbelliferoneand 1-naphthol glucuronidation, effects of organic
solvents, and inhibition by diclofenac and probenecid [J]. Drug
Metab Dispos, 2004, 32: 413-423.

Kerdpin O, Mackenzie PI, Bowalgaha K, et al. Influence of
N-terminal domain histidine and proline residues on the substrate
selectivities of human UDP-glucuronosyltransferase 1A1, 1A6,
1A9, 2B7, and 2B10 [J]. Drug Metab Dispos, 2009, 37: 1948-
1955.

Ismail S, Hanapi NA, Ab Halim MR, et al. Effects of Androg-
raphis paniculata and Orthosiphon stamineus extracts on the
glucuronidation of 4-methylumbelliferone in human UGT iso-
forms [J]. Molecules, 2010, 15: 3578-3592.

Liu Y, Ramirez J, House L, et al. Comparison of the drug-drug
interactions potential of erlotinib and gefitinib via inhibition of
UDP -glucuronosyltransferases [J]. Drug Metab Dispos, 2010,
38:32-39.

Shan L, Yang S, Zhang G, et al. Comparison of the inhibitory
potential of bavachalcone and corylin against UDP-glucuronosyl-
transferases [J]. Evid Based Complement Alternat Med, 2014,
2014: 1-6.

Yang R, Ma XH, Guo JH, et al. Characteristics of drug metabolic
enzymes [J]. Chin J New Drugs (7 [ 24 24 &), 2016, 25: 751-
759.

Fukami T, Yokoi T. The Emerging Role of human esterases [J].
Drug Metab Pharmacokinet, 2012, 27: 466-477.

Wang R, Jiang JW, Li Y. Role of carboxylesterase in drug
metabolism [J]. Acta Pharm Sin (25 %:%%43}), 2018, 53: 186-191.
Mandery K, Bujok K, Schmidt I, et al. Influence of the flavo-
noids apigenin, kaempferol, and quercetin on the function of
organic anion transporting polypeptides 1A2 and 2B1 [J].
Biochem Pharmacol, 2010, 80: 1746-1753.

Li X, Yu YN. Advance in research of drug phase Il metabolisms
and conjugation enzymes [J]. Chin J Clin Pharmacol ([ Ilf /&
2B % 4 &), 2000, 16: 458-465.



