
Association of ABCG2 genetic polymorphisms with subjective 
symptoms and weight gain by bictegravir administration in Japanese 
HIV-1-infected patients

Demographics of participants(Table 1)

Adenosine triphosphate-binding cassette transporter G2(ABCG2) is known to be expressed in
the liver, the apical membrane of the small intestine, and the blood-brain barrier, and bictegravir
(BIC) and other integrase inhibitors have been shown to be substrates of ABCG2. It has been
suggested that decreased ABCG2 function may increase the permeability of the blood-brain
barrier for BIC1). Also, ABCG2 (421C>A) frequency is high in Asian populations, including
Japanese2) .The principal aim of the study was to investigate the association between subjective
symptoms induced by BIC administration and genetic polymorphisms of ABCG2.

The study subjects were 77 Japanese patients with HIV-1 infections who were receiving BIC 
at NHO Osaka National Hospital from April 2019 to December 2023. We compared the 
frequency of subjective symptoms among three groups: with homozygous mutations(Homo) in 
ABCG2 (421C>A) ; with heterozygous mutations(Hetero); and wild-type(Wild). In addition, 
weight gain during the first 24 weeks of treatment was also compared in treatment-naïve 
patients.This study was reviewed and approved by the institutional review board of the NHO 
Osaka National Hospital (approval number: 19017).

1) Kurose K, et al. Drug Metab Pharmacokinet, 2012;27:9-54. 
2) Chang Huang, et al., Front Pharmacol, 2023, Mar 8:14:1118580.
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ABCG2 genotype Homo Hetero Wild p-value

Participants (n, %) 7 26 44

Age (years)
43

[39–49]

35

[30–42]

40

[34–47]
0.61

Males (n, %) 6(86%) 25(96%) 43(98%) 0.31

Body weight (kg)
59

[56–68]

67

[63–75]

64

[59–73]
0.80

Body Mass Index
23

[18.7-26.0]

23

[21.6-25.3]

22

[20.4-25.0]
0.27

ART naïve patient 5(71%) 20(77%) 31(70%) 0.84

CD4 cell count (cells/μL) 384

[276–468]

316

[222–553]

374

[251–495]
0.90

Participants with

HIV-1-RNA  level <50 at time 

of sampling (n, %)

2(29%) 6(23%) 13(30%) 0.84

AIDS(n, %) 0(0%) 2(8%) 7(16%) 0.35

HBV infection (n, %) 0(0%) 2(5%) 2(5%) 0.69

HCV infection (n, %) 0(0%) 2(5%) 0(0%) 0.13
Use of antiretroviral agents

prior to initiation of BIC 

administration (n, %)

Tenofovir alafenamide 2 6 11 0.95

Boosted PI 1 3 8 0.88

NNRTI 0 2 4 0.71

INSTI 1 2 1 0.32

Conclusions

Median [IQR]

Patients & Methods

IQR, interquartile range
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ABCG2 genetic polymorphism may be a predictor of 
subjective symptoms and weight gain with BIC 

administration.

 The median increase in body weight during the first 24 weeks of treatment was 
2.5 kg for Homo + Hetero and 0.95 kg for Wild, and was significantly higher in 
the cases with the genetic mutation(p=0.006).

Fig.1 Association between ABCG2 polymorphisms and subjective 
symptoms developed p-value by Cochran-Armitage test is shown

Participants

All Homo Hetero Wild p-value

Participants 77 7 26 44

Increased Appetite 20(31%) 3(43%) 11(42%) 6(14%) 0.017

Insomnia 6(8%) 2(29%) 3(12%) 1(2%) 0.037

Vivid Dreams 4(5%) 1(14%) 2(8%) 1(2%) 0.32

Forgetfulness 2(3%) 1(14%) 1(4%) 0.078

headache 2(3%) 2(5%) 0.46

Drowsiness 2(3%) 2(8%) 0.13

Table 2. Correlation between ABCG2 polymorphisms 
and Subjective symptoms

p <0.0001
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Saliva samples were collected from the patients, absorbedwith a filter paper, and subsequently 
dried. A portion ofthe filter paper containing the saliva sample was cut and used as a template in 
the polymerase chain reaction (PCR) used to determine the presence or absence of gene poly 
morphisms. 

 The median age of the 77 patients (74 were male) was 38 years (interquartile range 
33-47 years); 56 (73%) patients introduced BIC in the first antiretroviral treatment.

 The subjects comprised seven (9%) homozygotes, twenty-six (34%) heterozygotes,  
and 44 (57%) patients for the wild-type ABCG2 genotype.

 Subjective symptoms developed in 34 of 77 patients (44%) .The frequency of 
expression of Increased Appetite and Insomnia was significantly higher in homo 
and heterozygous than wild type. 

 The frequencies of subjective symptoms in the three groups were: Homo, 86%; 
Hetero, 73%; and Wild, 20%. Significant difference in the frequency of subjective 
symptoms was evident in terms of ABCG2 genetic polymorphisms (p<0.0001). 

Genotyping

Fig.2 Association of ABCG2 polymorphisms and weight change at 
day 1 to 24 week 24 in ART-naive Patients  

Limitations
This study was performed at a single institution with a limited number of Japanese 
patients.
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				症状あり ショウジョウ		9								症状あり ショウジョウ		19								症状あり ショウジョウ		6						34

						44										26										7				total		77		0.4415584416												食思 ショクオモ

						食思亢進 ショクオモコウシン		6								食思亢進 ショクオモコウシン		11						食思亢進 ショクオモコウシン		3				食思 ショクオモ		20						excessive appetite				20						WILD		hetero		homo

						頭痛 ズツウ		2								不眠 フミン		3						不眠 フミン		2				不眠 フミン		6						insominia				6				症状なし ショウジョウ		38		15		4

						不眠 フミン		1								異夢 コトユメ		2						異夢 コトユメ		1				異夢 コトユメ		4						vivid dream				4				症状あり ショウジョウ		6		11		3
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								with subjective symptoms		without subjective symptoms																																				異夢 イム
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																																														頭痛 ズツウ

																																																WILD		hetero		homo
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																ｍ×ｎ分割表																																WILD		hetero		homo				ｍ×ｎ分割表

																																														症状なし ショウジョウ		44		24		7

																観察度数												期待度数																		症状あり ショウジョウ		0		2		0				観察度数												期待度数
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																自由度						2																																		自由度						2

																χ2値						23.745988109																																		χ2値						4.0276923077

																Ｐ値(上側確率)						0.0000069763																																		Ｐ値(上側確率)						0.1334743234

																分割表分析係数						0.4854910662																																		分割表分析係数						0.222952018

																クラーメルのＶ値						0.5553282416																																		クラーメルのＶ値						0.22870875

																χ2(0.95)						5.9914645471																																		χ2(0.95)						5.9914645471
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				0.7		3.3						hetero,homo		217.5		24		225		223.9239130435		-7.5		35.0714129422		43.5977501119		-0.5011999581		2.3437054262		2.9134920705				3.2		3.9						wild,homo		771		43		814		810.4352159468		-43		66.7209432856		82.9417114556		-1.5104602598		2.3437054262		2.9134920705

				0		-0.2																														-1.4		2.9						hetero,homo		232		24		225		224.5108695652		7		35.1173480149		43.654852625		0.4671747416		2.3437054262		2.9134920705

				-0.9		1																														0		2.3

				-0.3		0.4																														-0.3		1

				-0.2																																-0.6		4.5

				1.6																																-0.6

				-2.9																																3.1

				-0.3																																-2.9								一元配置分散分析法																多重比較検定の結果

				-0.2																																1.7																								Tukey-Kramer法

				-3.5																																0.5																												危険率5%		危険率1%				5%		1%

				1.9																																-3.9										データ数		平均値		不偏分散		標準偏差		標準誤差								平均値の差		棄却値		棄却値		検定統計量		基準点		基準点

				1																																1.1

				0.5																																2								wild		37		0.9243243243		4.2452252252		2.0603944344		0.3387267585						wild,hetero		-2.3478978979		1.6816964755		2.1198621312		-3.3582220057		2.405347403		3.0320601524		**

				0.4																																1								hetero		18		3.2722222222		8.8844771242		2.9806840027		0.702553957						wild,homo		-1.7756756757		2.5754974511		3.2465427591		-1.6583657938		2.405347403		3.0320601524

				3.7																																0.9								homo		6		2.7		7.888		2.808558349		1.1465891447						hetero,homo		0.5722222222		2.7586533253		3.477419857		0.4989366455		2.405347403		3.0320601524

				2.4																																7.7

				2.5																																3.4								合計		61		1.7918032787		6.9257650273		2.6316848267		0.3369527142

				-0.5																																1.5

				0																																-0.8

				2.2																																0								分散分析表

				0																																2.2

				2.8																																0								変動要因		偏差平方和		自由度		平均平方		Ｆ値		Ｐ値		Ｆ(0.95)		Ｆ(0.99)

				0																																2.7								全変動		415.5459016393		60

																																				0.3								群間変動		72.2416824201		2		36.1208412101		6.1024848309		0.0039331815		3.1559319709		4.9909666285

																																												誤差変動		343.3042192192		58		5.9190382624
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Sheet2

																全体 ゼンタイ						多型別 タケイベツ		8wk-BL						多型別 タケイベツ		12wk-BL						homo+hetero

								8wk				24wK				８ｗｋ-BL		24ｗｋ-BL				hetero		homo		wild				hetero		homo		wild				8wk-BL		24wk-BL

		he		63.3				61.2				63.5				-2.1		0.2				-2.1		2.4		0.5				0.2		0.9		1				-2.1		0.2

				56.8				59.9				63.6				3.1		6.8				3.1		3.9		0				6.8		7.5		0				3.1		6.8

				87				87				88				0		1				0		-1.1		1.4				1		-0.4		1.4				0		1

				57.8				59.9				63.6				2.1		5.8				2.1		-0.3		0				5.8		1.6		0				2.1		5.8

				62.4				62.4				62.7				0		0.3				0		1		2				0.3		4.2		1.1				0		0.3

				66.7				64.5				65.1				-2.2		-1.6				-2.2		1		0				-1.6		1.6		0.1				-2.2		-1.6

				83.9				85.3				86.4				1.4		2.5				1.4		-0.3		3.2				2.5				3.2				1.4		2.5

				67.3				73.4				71.8				6.1		4.5				6.1		2.4		0				4.5				0				6.1		4.5

				81.3				82.5				87.2				1.2		5.9				1.2				0.6				5.9				-0.3				1.2		5.9

				65				65.7				66.2				0.7		1.2				0.7				-0.3				1.2				-0.6				0.7		1.2

				53.7				55.1				60.2				1.4		6.5				1.4				-0.4				6.5				-0.6				1.4		6.5

				68.2				71.5				71.1				3.3		2.9				3.3				1.5				2.9				3.1				3.3		2.9

				67.9				67.7				70.2				-0.2		2.3				-0.2				2				2.3				1.7				-0.2		2.3

				54.1				54.5				58.6				0.4		4.5				0.4				0.7				4.5				0.5				0.4		4.5

		ho		54				52.5				54.9				-1.5		0.9				0.95				-0.4				2.7				-3.9				2.4		0.9

				59.6				63.2				67.1				3.6		7.5				0				-0.8				1.05				1.1				3.9		7.5

				79.6				80.3				79.2				0.7		-0.4				1.925				1				5.475				2				-1.1		-0.4

				59.4				61.3				61				1.9		1.6								0.5								1				-0.3		1.6

				76.8				80				81				3.2		4.2								0.5								0.9				1		4.2

		wild		58				58.5				59				0.5		1								4								7.7				1		2.5

				61				61				61				0		0								1								3.4

				68.1				68.1				69.5				0		1.4								-1								1.5

				79.2				79.2				79.2				0		0								-0.3								-0.8

				68.6				67.7				69.7				-0.9		1.1								0								0

				53.4				53.5				53.5				0.1		0.1								0								2.2

				54.4				54.4				57.6				0		3.2								0								0

				59				59				59				0		0								-0.1								2.7

				86.3				85.4				86				-0.9		-0.3								0.3								0.3

				58.8				58.5				58.2				-0.3		-0.6								0.15								0.95

				51.2				51				50.6				-0.2		-0.6										-0.025						0

				89.9				91.5				93				1.6		3.1										1						1.775

				56.7				56.4				58.4				-0.3		1.7

				49.2				49				49.7				-0.2		0.5

				81				77.5				77.1				-3.5		-3.9

				60.1				62				61.2				1.9		1.1

				68				69				70				1		2

				60				60.5				61				0.5		1

				80.1				80.5				81				0.4		0.9

				88.3				92				96				3.7		7.7

				62.3				64.7				65.7				2.4		3.4

				59.5				62				61				2.5		1.5

				97				96.5				96.2				-0.5		-0.8

				61.1				61.1				61.1				0		0

				79.8				82				82				2.2		2.2

				63.4				63.4				63.4				0		0

				75.8				78.6				78.5				2.8		2.7

				57				57				57.3				0		0.3

																0.4		1.1

				65.8				76				76		10.2

				79				79				80		1

				72				72				75.9		3.9

				71				72				72		1

				57.4				57.6				59.8		2.4

				72				72				72		0

				55.2				55.5				55.9		0.7

				64.5				64.5				64.5		0

				71				75				75		4

				61				61				60		-1

				60.2				61.2				62.3		2.1

				79				81				83		4

				65.2				65.9				63.8		-1.4

				68.5				65.6				65.6		-2.9





Sheet5

				全体 ゼンタイ						多型別 タケイベツ		8wk-BL						多型別 タケイベツ		12wk-BL						homo+hetero						8wk-BL

				８ｗｋ-BL		24ｗｋ-BL				hetero		homo		wild				hetero		homo		wild				8wk-BL		24wk-BL				一元配置分散分析法																多重比較検定の結果

				-2.1		0.2				-2.1		2.4		0.5				0.2		0.9		1				-2.1		0.2																				Tukey-Kramer法

				3.1		6.8				3.1		3.9		0				6.8		7.5		0				3.1		6.8																								危険率5%		危険率1%				5%		1%

				0		1				0		-1.1		1.4				1		-0.4		1.4				0		1						データ数		平均値		不偏分散		標準偏差		標準誤差								平均値の差		棄却値		棄却値		検定統計量		基準点		基準点

				2.1		5.8				2.1		-0.3		0				5.8		1.6		0				2.1		5.8

				0		0.3				0		1		2				0.3		4.2		1.1				0		0.3				hetero		14		1.0857142857		4.6859340659		2.1647018423		0.5785409027						hetero,homo		-0.0942857143		2.02048615		2.5585983702		-0.1131865449		2.4255195818		3.0715035828

				-2.2		-1.6				-2.2				0				-1.6				0.1				-2.2		-1.6				homo		5		1.18		4.077		2.0191582405		0.9029950166						hetero,wild		0.5178571429		1.2694327809		1.6075183907		0.9894755039		2.4255195818		3.0715035828

				1.4		2.5				1.4				3.2				2.5				3.2				1.4		2.5				wild		28		0.5678571429		1.3059656085		1.1427885231		0.2159667309						homo,wild		0.6121428571		1.8828730938		2.3843350914		0.7885632291		2.4255195818		3.0715035828

				6.1		4.5				6.1				0				4.5				0				6.1		4.5

				1.2		5.9				1.2				0.6				5.9				-0.3				1.2		5.9				合計		47		0.7872340426		2.5185291397		1.5869874416		0.2314859097

				0.7		1.2				0.7				-0.3				1.2				-0.6				0.7		1.2

				1.4		6.5				1.4				-0.4				6.5				-0.6				1.4		6.5

				3.3		2.9				3.3				1.5				2.9				3.1				3.3		2.9				分散分析表

				-0.2		2.3				-0.2				2				2.3				1.7				-0.2		2.3

				0.4		4.5				0.4				0.7				4.5				0.5				0.4		4.5				変動要因		偏差平方和		自由度		平均平方		Ｆ値		Ｐ値		Ｆ(0.95)		Ｆ(0.99)

				-1.5		0.9								-0.4								-3.9				2.4		0.9				全変動		115.8523404255		46

				3.6		7.5								-0.8								1.1				3.9		7.5				群間変動		3.3661261398		2		1.6830630699		0.6583453408		0.5227316075		3.20927802		5.1226282677

				0.7		-0.4								1								2				-1.1		-0.4				誤差変動		112.4862142857		44		2.5565048701

				1.9		1.6								0.5								1				-0.3		1.6

				3.2		4.2								0.5								0.9				1		4.2

				0.5		1								4								7.7										12wk-BL

				0		0								1								3.4										一元配置分散分析法																多重比較検定の結果

				0		1.4								-1								1.5																										Tukey-Kramer法

				0		0								-0.3								-0.8																														危険率5%		危険率1%				5%		1%

				-0.9		1.1								0								0												データ数		平均値		不偏分散		標準偏差		標準誤差								平均値の差		棄却値		棄却値		検定統計量		基準点		基準点

				0.1		0.1								0								2.2

				0		3.2								0								0										hetero		14		3.0571428571		7.0518681319		2.6555353758		0.7097216825						hetero,homo		0.2971428571		2.9374772675		3.719809982		0.2453553689		2.4255195818		3.0715035828

				0		0								-0.1								2.7										homo		5		2.76		9.833		3.1357614705		1.4023551619						hetero,wild		2.0321428571		1.845560751		2.3370854236		2.6707342417		2.4255195818		3.0715035828		*

				-0.9		-0.3								0.3								0.3										wild		28		1.025		3.9537962963		1.9884155241		0.3757752128						homo,wild		1.735		2.7374089699		3.4664578765		1.5373210655		2.4255195818		3.0715035828

				-0.3		-0.6

				-0.2		-0.6																										合計		47		1.814893617		6.1152081406		2.4728946885		0.3607087627

				1.6		3.1

				-0.3		1.7

				-0.2		0.5																										分散分析表

				-3.5		-3.9

				1.9		1.1																										変動要因		偏差平方和		自由度		平均平方		Ｆ値		Ｐ値		Ｆ(0.95)		Ｆ(0.99)

				1		2																										全変動		281.2995744681		46

				0.5		1																										群間変動		43.5407887538		2		21.7703943769		4.0288620658		0.0247334657		3.20927802		5.1226282677

				0.4		0.9																										誤差変動		237.7587857143		44		5.4036087662

				3.7		7.7

				2.4		3.4

				2.5		1.5

				-0.5		-0.8

				0		0

				2.2		2.2

				0		0

				2.8		2.7

				0		0.3

				0.4		1.1
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				多型別 タケイベツ		8wk-BL						多型別 タケイベツ		12wk-BL								homo+hetero

				hetero		homo		wild				hetero		homo		wild				wild		8wk-BL				wild		24wk-BL				マン・ホイットニの順位										マン・ホイットニの順位

				-2.1		2.4		0.5				0.2		0.9		1				0.5		-2.1				1		0.2

				3.1		3.9		0				6.8		7.5		0				0		3.1				0		6.8

				0		-1.1		1.4				1		-0.4		1.4				1.4		0				1.4		1						データ数		順位和		平均順位						データ数		順位和		平均順位				マン・ホイットニの順位

				2.1		-0.3		0				5.8		1.6		0				0		2.1				0		5.8				8wk-BL		19		503.5		26.5				24wk-BL		19		570		30

				0		1		2				0.3		4.2		1.1				2		0				1.1		0.3				wild		28		624.5		22.3035714286				wild		28		558		19.9285714286

				-2.2				0				-1.6				0.1				0		-2.2				0.1		-1.6																										データ数		順位和		平均順位

				1.4				3.2				2.5				3.2				3.2		1.4				3.2		2.5																								24wk-BL		19		570		30

				6.1				0				4.5				0				0		6.1				0		4.5																								wild		28		558		19.9285714286

				1.2				0.6				5.9				-0.3				0.6		1.2				-0.3		5.9				検定の結果										検定の結果

				0.7				-0.3				1.2				-0.6				-0.3		0.7				-0.6		1.2

				1.4				-0.4				6.5				-0.6				-0.4		1.4				-0.6		6.5

				3.3				1.5				2.9				3.1				1.5		3.3				3.1		2.9				Ｕ値						313.5				Ｕ値						380				検定の結果

				-0.2				2				2.3				1.7				2		-0.2				1.7		2.3				Ｕ'値						218.5				Ｕ'値						152

				0.4				0.7				4.5				0.5				0.7		0.4				0.5		4.5				Ｚ値						1.0296930888				Ｚ値						2.4712634131

								-0.4								-3.9				-0.4		2.4				-3.9		0.9				Ｐ値(両側確率)						0.3031541009				Ｐ値(両側確率)						0.0134636605				Ｕ値						380

								-0.8								1.1				-0.8		3.9				1.1		7.5				同順位補正Ｚ値						1.0337051675				同順位補正Ｚ値						2.4730513595				Ｕ'値						152

								1								2				1		-1.1				2		-0.4				同順位補正Ｐ値(両側確率)						0.3012740166				同順位補正Ｐ値(両側確率)						0.0133964889				Ｚ値						2.4712634131

								0.5								1				0.5		-0.3				1		1.6				同順位の数						6				同順位の数						3				Ｐ値(上側確率)						0.0067318303

								0.5								0.9				0.5		1				0.9		4.2				Ｚ(0.975)						1.9599639845				Ｚ(0.975)						1.9599639845				同順位補正Ｚ値						2.4730513595
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