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Abstract

Objective: The relationship between NAT2 gene polymorphism and isoniazid drug concentration in
blood was investigated by monitoring isoniazid drug concentration in blood and detecting NAT2
gene polymorphism in patients with pulmonary tuberculosis. Methods: A total of 62 patients diag-
nosed with newly treated tuberculosis in the tuberculosis Department of Kunming Third People’s
Hospital in 2020 were included in the study. Isoniazid was taken orally for 5 days, and peripheral
venous blood was collected 2 hours after administration to detect the drug concentration in blood.
Meanwhile, DNA was extracted and NAT2 gene polymorphism was analyzed by the Sanger method.
SPSS 22 Pearson correlation analysis was performed to analyze the factors influencing isoniazid
drug concentration in blood (including sex, age, weight, NAT2 gene polymorphism). Results: There
was no correlation between sex, age and body weight and isoniazid drug concentration in blood, but
there was a correlation between NAT2 metabolism isoniazid drug concentration in blood. Among
the 62 patients, there were 22 NAT2 fast metabolizers (35.5%), 29 NAT2 intermediate metabolizers
(46.8%) and 11 NAT2 slow metabolizers (17.7%). Among the 11 patients with slow metabolism,
there were 6 cases of NAT2*6A*6A, accounting for 54.5%, 4 cases of NAT2*7B*7B, accounting for
36.4%, and 1 case of NAT2*5B*5B, accounting for 9.1%. Pearson correlation analysis showed that
the polymorphism of NAT2 gene was correlated with isoniazid drug concentration in blood (P =
0.03). Conclusions: The NAT2*6A*6A and NAT2*7B*7B genotypes may be the main slow metaboliz-
ers of NAT2, and patients carrying this allele are prone to high drug concentration in blood of isoni-
azid. There was a correlation between NAT2 gene polymorphism and isoniazid drug concentration
in blood. NAT2 gene polymorphism is one of the important factors affecting the drug concentration
in blood of isoniazid. In clinical use of isoniazid, the dose can be adjusted according to the NAT2
gene polymorphism, and the drug concentration in blood can be monitored to achieve a more accu-
rate treatment plan.
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1. 5]

454299 (Tuberculosis, TB), & i 1 454% 73 BT B (Mycobacterium tuberculosis, MTB) /B 4L 5| 2 [ ™ 5
e N RIS MO AL e, A ERR KB R IR 2 — . HE i A AR A 4Y(WHO)HRIE[1] [2], 2018
FEAIRYH 1000 77 NHTR G, 2019 4E20H 996 5N, M T4 10 5 AN ht A 132 AR 4% .
W EE S R E R, 2018 R0 86.6 J1 NGB K454, 2019 4E416 83.3 I, M TH 10 /i
NP gy 60 NRE BS540 « M (1soniazid, INH)fE N —&HiE5 % 259, e MTB 21U BE 1) & A,
SPAEKEERD MTB 2RARMAIEM, & HATHgZiasr Mz —. HElliK b INH 2R s r s
FIE 4~6 mg/Kg/ R4 24[3], H i I 259K FE AR JE R R I 22 57 (3~7 %) [4]-[8], FEFR Bl IR TAE
I B IEHRE ), H AT A A 2 BO05F AR A R 3 ORI G A SR PR R AN [ MR INH R AN ]
2015 4F 7 H, BEFKPARZMAG 7 — Bt AR EEFI 270 /8 FHE s B DR R I R 48 7 (04T) ) [5],

ik
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i HE A S RIS P DURR S NAT2 35 [ 22 25 1 24 1 B L, ) i 4B e B A SR U R R 2 > o
[AACEERY > MR A, (HZgR R R AR BRI, TfE 2021 R0 L 50RO A ES I T
NAT2 JERE 2B R R &R, B AR S R 25 38, R IR 2e Y 7 S Ak i 24
AL S B PR R LT TR A, SR S, HARIREEVE ], NAT2 ZEA 2 SRR IO, B i S5 AR 5¢
FRIRRTE R L o DR ASHIT e 0308 5 N AL i 45 A% R R AT S R 285 R FE S0, P AGLIN NAT2 JE (R 22 354,

RIT L5 SRR 25 B SR AR

2. MR55%E
2.1. ¥laEH%EE RIE M 25 R E KA

NAGKAE: TRBIRIE AR 2020 FFE54&%—FHSWOAYIA G S5 % 10 3 . HERR b 5 2 (b 4 40 -
ALT (2-5) x ULN 3 TBIL <2 x ULN; FEFERF#if5: ALT >5x ULN, TBIL >5x ULN 8 ALT >3 x ULN
H TBIL>5x ULN) AT 5%, HERR ™ E S Dhie A2 B E (IETSR R <30 mlimin)Bg, Hira ™ Eik
I ARG (A0 A L P AE BRI 32 1) S e 7™ i Bdh AT 1 S At s (P P i) £ 3 s HE R A
FEZG BRI AR . FEKE T RNV E . M, (RBEMH)LFESAICGR%., FELZ, 57
oo A EOKREESE, FIAEPRRAM).

N EF ARG R 1% DIRKIIFIEG, RRBFFRILNT 67 BilEa (5 42, 4 25), H s 615
4, & VDR EHHBEHERR . 62 B, 53841, %24 fl; B/NER 17 %, BOKER 64 &, THFR 375
%, /MEE 41 Kg, KA 87 Kg, “FifkHE 66.5 Kg. W% 1.

Table 1. Patient basic information table

F 1L BEEFRERE

HAE R /N SN (X+s)
FR () 17 64 37.5+10.99
N () 41 87 62.5 +10.82

YT A B SIS 257 % 5 mo/Kg 1AL, DUE NGBS B ESZ, DR,
KA 8] BB R IR S 5 &, £ F— kA %5 2h ] EDTA HistE RESME F ki 3~5 ml,
KA 5 SE RN TR AR AR, 6 h PN IR 52 il o

2.2. NAT2 REZSMHES

Tt WU AR £ 1y (Sanger v25), LR DN AR A% IR TE S — [ B I AU AR, BEALZE —NRRE BB
R gab, EEAIIE S BT IORRS, P4 AL Ty Cy G WAARRKERZERR, HiHTRME R
VK, MIMI3R7S DNA 585751 SNP 7 517E NCBI Wt F3REL, DU A2 .

ST K RLITE 18~24bp P, BLIRIR KIEE Tm [HZ7E 55°C~65C, G+ C 7 &4 35%~75%,
P18 Fr BOK/NEH /T 800 bp, I B LEE 2.

PCRYy M HMI A B, RNAAR. §IRETILE 3. % 4.

WP PCR [B: ¥ Bl (51 P 1*TE ¥ 21 E 8 10 pmol, ¥—AH w51 ns—ie, 1R’A,
B, SRIGHCH] PCR /K Z: DNA 1.5 ul, 2*PCR mix 7.5 pl, J8& 5142 ul, H,O M 15 pl. FEHI
PCR 43355 96 FL PCR B, B0, HEFLIIA 2 ul DNA B8, B, b PCRAY, MWLM ILE 5.

PCR 7F=#)4ift.: HX 3 ul PCR 7= Exol AP 4fifk,, =E & Exol LBRR =)+ IR 519), Fast
AP LR N 43 DNTP. 37°C 15 min, 80°C 15min, )5 4 CROGIRTE, Aifbik R I07% 6.
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Table 2. NAT2 primer information
# 2. NAT2 5|#1f5 2

Gk EA S WEFFI(5 — 3)
NAT2-341-Hi [ 5|4 CAAATACAGCACTGGCATGGTTC
NAT2-341-Jz [7] 5|9 Bio-GAAAATGCAAGGCACCTGAG
NAT2-341-ll 5 514 CTCCTGCAGGTGACCA
NAT2-590-77 [ 5|44 Bio-GACCAAATCAGGAGAGAGCAGTAT
NAT2-590-J [4] 5|4 CCACCAAACAGTAAACCCCTTCT
NAT2-590-ill |5 51 4 TAGACTCAAAATCTTCAATT
NAT2-857-Hi 4] 5|4 GTGGGCTTCATCCTCACCTATAGA
NAT2-857-J% 1] 5|4 Bio-CGTGAGGGTAGAGAGGATATCTGA
NAT2-590-ill /5 51 ) CCAAACCTGGTGATG

Table 3. PCR reaction system
# 3. PCR Rz #+ %

F1YF %) PCR J NiAAk %(25 pl)

AR 1yl
514 FIR (10 uM) 0.5 pl/0.5 pl
10 * buffer 25l
dNTPs 0.5 ul
ddH20 19.5 pl
fitg 0.5yl

Table 4. PCR amplification program
% 4. PCR ¥/ 812 F

PCR ¥ T2/
95°C 5 min ARVSIEEIN
95°C 30s
55°C 30s 35 KB
72°C 40s
72°C 7 min 1 AEH
4°C forever
Table 5. PCR machine operating conditions
= 5. PCR Y E#L&H
PCR {1 _EHLM
95°C 3 min
94°C 15s
55°C 15s 35 KB
72°C 30s
72°C 3 min
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Table 6. Purification system for PCR products
% 6. PCR =4 iLiF &

PCR =¥y 2ifl i 5
PCR =¥ 3ul
Exol 0.2l
Fast AP 0.8 ul
Exol buffer 0.7 ul
H20 FE T

EREI R BORASE S IR i, SR 3730XL BEATINA o I 45 R R A 1% 2021 4 (450 i N-
LR N 2 B R 2 A MEAG I 5 S k& B 246 30D HEFR A5 H A NAT2 AR,

3. &R
3.1. ¥IRE%EERIEBMZSRERT

IV 25 B3 14 2o 11) 7 0EMEFE A R 259 5 5 BBl P (3~6 mg/L), 26 (55 17, Zz 9) Mk if
4R E <3.0mg/L, 11 BB 7. L H)FEPFIMZGHE >6.0mg/lL. WL 7.

Table 7. Initial detection of isoniazid blood concentration
= 7. RSN SRR MK E R R

FUAGI 25 R SSSUIE(()) 55 (f1) () PSR (mg/L)
3~6 mg/L 25 14 11 4.41
<3.0 mg/L 26 17 9 151
>6.0 mg/L 11 7 4 7.34

3.2. NAT2 REZSHES

D FPUETE PR s SR P U 48U 24 132 (Sanger V) Rrill, AR 4R &5 SR UG 284 AT A7 rl R 1 R AR AR, 45 HEA
PR 5 CEFP B AR —, SHRARAERAE, WRA—F, WA TR, mE R, Ho2
FET. WK 1.

MFas R 62 BlEF, NAT2 PRACHIEYL 22 (5 14, % 8), (5 35.5%, H[aIREHZY 29 (5 16,
%7 13), ik 46.8%, 12ARWIAL 11 BI(5 8, % 3), bk 17.7%, M. 8.

11 FIEACH T B, NAT2*6A*6A 11 6 i, L8 ACHI AL &2 Lu ]y 54.5%, NAT2*7B*7B 11 4 #i,
A AL R L5y 36.4%, NAT2*5B*5B A 1, A AL 3 Ll h 9.1%. 62 il 55, 341(T
—C)# S TT A 49 1], (LK 79.0%, ZRAA4 TC A4 12 5, 5Lk 19.4%, RAF4AEG CC R 141, &
kL 1.6%; 590 (G — A)EfA:4li& GG AL 37 5, 5L 59.7%, ZRAF4A 19 491, L 30.6%, ZR7AF4l4 6 4,
b 9.7%; 857 (G — A)IFAEZlA GG AL 43 i, (5L 69.4%, RAZHE 15 6, itk 24.2%, FTRAFMAA 4
fil, Atk 6.4%, W% 9.

3.3. Pearson f8&M 94

R FIAH G 2 BT 5 5 JUF 1ML 2494 B2 (mg/L) 73 il A NAT2 AL, 1R (Kg), S8 (%), PEAISE 4 iz
[AIIAHOG R 2R, Al Pearson AR RE L RN R K RIS OL. M HTE KT A PEAl. il KE
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z50 300 310 320 330 340 350 360 370 380 390
CTTGACAGAAGAGAGAGGAATCTGGTACCTGGACCAAATCAGGAGAGAGCAGTATAT TACAAACAAAGAATTTCTTAATTCTCATCTCCTGCCAAAGAAGAAACACCAAAARAAT

ilofnidsiall A ENSARANY bl o
Figure 1. Sequencing peak shape chart
E 1. Mg E
Table 8. Sequencing results
F8MFLER
NAT2 A7 T (#) () =R () i B WKL 23T B
AR 14 8 22 35.5% 1.61 mg/L
Hh R A 2 16 13 29 46.8% 4.02 mg/L
(EZpnr gt 8 3 11 17.7% 7.11 mg/L
Table 9. Frequency of base mutations
0. WERTINER
57 55, 341 (T —C) 590 (G — A) 857 (G — A)
B Y TT TC cc GG GA AA GG GA AA
1% 49 12 1 37 19 6 43 15 4
i Lk 79.0% 19.4% 1.6% 59.7% 30.6% 9.7% 69.4% 24.2% 6.4%

Table 10. Pearson correlation analysis
%z 10. Pearson <M

AR r e P1E ghR
PES 0.030 0.816 TR
o 0.227 0.076 TR
A 0.055 0.672 FTor R

NAT2 fRig 284 0.276 0.030 HA MR

55 RE 25 vk BEAS B A e, T NAT2 A58 S 0 ko 249 B B Ao, D% 10 AT 2,
4. 71ig
NAT2 & A\ —Fh B AU, SRR N B BZ B AT (2 5 50%~90%) . H Al NAT2
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PearsonfH IS AT 144
0
NAT2C 5 &Y 0.276
fe 1as
#E(Kg) 0.5
Fiy 0.227 i 0.75

1 259 B (mg/L)

Figure 2. Pearson correlation visualization

[&] 2. Pearson H8 X< MEAT L 4L E

ARUHAL F B =R AL BRI Z B BRI S 2R [10]. 18 ZBEAL AL N 1 S0k
FEBEACH N B AR, a3 Sy P R R, AR B R AT R S R . I AR 55 2 PR K
AR A R[11]-[14] AR (FZ T BRI SEMFTHEM) A F R0 (G BRI R R
ANFEN)HINEE, e NAT2 JE [RI R A7 5 B 5 10 22 52 [15] [16] . BN T [17]15 4 kG2, 9N TER 10
TUEFE, AF 4010 B4 NAT2 JER AL A $ids, AF 70X Taba . B, 0. Kby 6. 75
THEIL, HAER NAT2 AR L &7 25.79%, (a4 LR 24 (5 50.87%, 2RI A &7 23.34%.
AHWTFT 62 g, NAT2 PRACEIRY 22 4], (5L 35.5%; HrlalfCigsy 29 4, &tk 46.8%; 18R 11 1,
G 17.7%. X 5 R E R HRGERA BN, AT EE R REA LR R R 1. RN ED, 62 61,
A REAFAEREA A A M Z IO 2 NG EEON b X NHE, HUON S P01, R, T 78
SEH, PO L 77.42% (48/62), IR 16.13% (10/62), HUkHk R 3.23% (2/62)+ A% 1.61% (1/62)-.
YNGR 1.61% (1/62), Rk AT B A7E H DRI ige 2 5

H AT 2800 70y NAT2 B[R 22 25 PEAE e RS 25 0 i AR R b ke 1 S22 VR 18] [19], SR H
PRI 4~6 mo/L 45245, B 2R EE EIELE R KIN 2 5 (3~7 %) [4]-[8]. A FiiE[20],
NAT2 1A B R (0 7 R R B 5 PR B R I L ROR AP E E S, BB A B HRiE [21].
R NAT2 BR85Sk r 259 2 B — e Moo . (A D BRE NAT2 $y iy 1848
WAL SRR L 25 IR E OR R, ER LGSR X [22]. KA [23 R RIS R, b, 4
R AEAKY FFIIREAKT . A I SERE 0 5 57 00 10 24 94 FE A7 E 2 35 AR DG, TP 50 A0 NAT2
ML RS R 2 A ARG . ARBEAL R, SR 25k EE S NAT2 JEEZ B2 AR B
FIEM P = 0.03), SENZEIREMRT. AL, AR NAT2*6A*6A 5 NAT2*7B*7B [
B ARARH Y L1 90.9%, BT RESN 32 EE Y NAT2 1845 A

5. &g

NAT2*6A*6A 5 NAT2*7B*7B LR Al R N EEH) NAT2 128, W iZSNERNNEES S
BRI 259 B2 R v s NAT2 JE R 2 2451 5 5 R F L 265 94 5 B A A G 1 . NAT2 JE R 22 26 1 2 52 i 7 i
JHRI 259 FE P B BN 2R 2 —, I R AE A FH S JR A T AR 9 NAT2 JEN 2 SR 2570 &[RRI 3
1 2594 FE LAk ) SRS HE IR 97 7 %

HEEmE

I P Ag & DAERMHREI H (0 H %5 . 2022-13-01-003).
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