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Case Report: Genetic
predisposition to low-dose
NSAID-induced liver injury in
real-world China

Yuan Lyu', Yangjie Li', Yingying Jiang, Qi Li, Chen Shao,
Chunlei Fan, Ying Han, Hui Liu*, Lingna Lyu* and Huiguo Ding*

Laboratory for Clinical Medine, Department of Gastroenterology and Hepatology, Capital Medical
University, Beijing You'an Hospital, Affiliated to Capital Medical University, Beijing, China

Non-steroidal anti-inflammatory drug (NSAID)-induced liver injury represents
approximately 10% of reported drug-induced liver injury (DILI) cases, predominantly
through idiosyncratic mechanisms. While epidemiological data are largely derived
from Western populations with high NSAID utilization, China exhibits lower use of
NSAIDs due to cultural preferences and the widespread use of traditional therapies.
During the 2022-2023 Omicron outbreak in China, we observed a surge in DILI
cases coinciding with increased NSAID use. This study reports two young male
patients who developed severe cholestatic DILI following low-dose ibuprofen
intake (400 mg), despite lacking conventional risk factors. Genetic analysis revealed
compound heterozygous mutations in ABCB11 (encoding the bile salt export pump,
BSEP), including the known risk variant p.V444A and the synonymous SNP p.A1028A,
with Patient 1 harboring an additional p.A865V mutation. Immunohistochemistry
demonstrated abnormal BSEP expression patterns—reduced membrane localization
in Patient 2 and intracellular retention in Patient 1—mirroring the pathological
features of progressive familial intrahepatic cholestasis type 2 (PFIC-2). These
findings suggest that NSAIDs may unmask latent BSEP dysfunction in genetically
predisposed individuals, precipitating refractory cholestasis. Our study highlights
ABCB11 polymorphisms as critical determinants of NSAID-related DILI susceptibility,
even at therapeutic doses. In addition, we propose mechanistic insights into BSEP
dysfunction-mediated cholestasis and emphasize pharmacogenetic considerations
in NSAID safety assessment across populations.

KEYWORDS

non-steroidal anti-inflammatory drugs, ibuprofen, drug-induced liver injury, BSEP
(ABCB11), genetic predisposition

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are one of the most widely used
antipyretic and analgesic drugs for the treatment of osteoarthritis and rheumatoid pain, fever,
acute gout, and other conditions (1). Since NSAIDs are available worldwide on the market as
over-the-counter drugs, individuals can access and use these drugs without any medical
supervision regarding potential risks, contraindications, duration, and dosage, thereby
increasing the likelihood of adverse effects including gastrointestinal, cardiovascular, and renal
reactions (2). In rare instances, NSAIDs treatment can lead to serious liver damage, prompting
the withdrawal of certain NSAIDs from the market (3). It has been reported that the incidence
of NSAID-induced liver injury ranges from 1 to 9 cases per 100,000 persons, typically
associated with overdose or prolonged use at therapeutic doses. It is the main cause of acute
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liver failure and drug-induced liver injury (DILI) in Western countries
(4, 5). In China, the use of NSAIDs is less prevalent compared to
Western countries, with some individuals never taking a single tablet
throughout their lifetime. However, data regarding NSAID-induced
liver injury in China remain insufficient both in laboratory research
and clinical settings.

During the winter-spring period of 2023 in China, more than
80% of the population engaged in unplanned and intensive NSAIDs
consumption following the widespread outbreak of the COVID-19
Omicron variant. Notably, we observed that a few patients developed
DILI after low-dose NSAIDs intake. This suggests that even
non-overdose NSAIDs use can induce acute liver failure through
complex mechanisms, including genetic predisposition (6, 7).
Consequently, two NSAID-related DILI cases were screened among
patients with acute DILI in a single-center, prospective DILI cohort
spring 2022-2023
(Supplementary Figure S1). Their clinical features and genetic factors

study conducted between winter and
related to low-dose NSAID-induced liver injury are reported
as follows.

Full case description

Patient 1

The patient was a 32-year-old man admitted on 19 January 2023
with a 20-day history of progressive jaundice accompanied by itchy
skin, malaise, and occasional nausea. These symptoms developed after
using ibuprofen (0.4 g) to treat fever caused by the Omicron variant
on 1 January 2023. Examination revealed increased serum liver
enzymes (alanine aminotransferase (ALT) 173 U/L, aspartate
transaminase (AST) 58 U/L, TBIL 162.9 pmol/L, and DBIL
82 pmolmol/L, GGT385). Routine hematology, viral serology—
including hepatitis A, B, and C viruses—Epstein-Barr virus,
cytomegalovirus, and autoantibody tests were all negative. Meanwhile,
MRCP and abdominal CT examinations showed no significant
abnormalities. The patient was initially treated with hepatoprotective
agents and anti-jaundice medications, but they were not effective, as
TBIL and DBIL levels fluctuated and continued to increase. The
resident physician suspected that bile duct deficiency might have
occurred during disease progression and performed a liver biopsy.
Lastly, the liver biopsy reported acute cholestatic hepatitis consistent
with drug-related liver injury, graded G2/S2, accompanied by
cholestasis. After artificial liver support therapy (ALST), bilirubin
levels decreased and the patient’s condition improved significantly
(Table 1 and Figure 1). Whole genome sequencing (WGS) analysis was
performed to investigate genetic susceptibility, which revealed
ABCBI1 (encoding the bile salt export pump, BSEP) mutations in this
patient. Finally, two common mutations p.V444A and p.A1028A,
along with a disease-causing mutation p.A865V, in the BSEP were
identified in Patient 1 (Figure 2). Histopathology of the liver biopsy
specimen from Patient 1 showed acute cholestatic hepatitis, and the
expression of the BSEP carrying the p.V444A, p.A1028A, and
p-A865V mutations appeared as coarse granules in the cholestasis area
(Figure 3). Using progressive familial intrahepatic cholestasis type 2
(PFIC-2, BSEP deletion) as a negative control, this suggests abnormal
intracellular retention of the BSEP attributed to yet-to-know but
non-redundant effects of these three mutations.
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TABLE 1 Summary of the clinical features of the patients with NSAIDs-
related DILI.

Characteristics ‘ Patient 1 ‘ Patient 2

Sex Male Male

Age (years) 32 29

Symptoms Scleral icterus, dark | Nausea and vomiting,

urine, pruritus, and jaundiced skin, and

malaise scleral icterus

RUCAM score 6 8

Injury type (R) Cholestatic (1.18) Hepatocellular (101.43)

Drug dose (g) 0.4 0.4

Laboratory indicator

Direct bilirubin (pmol/L) 162.9 104
AST (U/L) 58 12,187
ALT (U/L) 173 95753
ALP (U/L) 365 236
GGT (U/L) 266 306

R-value = serum [ALT/upper limit of normal (ULN) of ALT]/[ALP/ALP ULN]; RUCAM,
Roussel Uclaf Causality Assessment Method; AST, aspartate transaminase; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase.

Patient 2

A male patient, aged 29, presented on 6 January 2023 with nausea,
vomiting, yellow staining of the skin, and scleral icterus after taking
one capsule of ibuprofen for muscle soreness in the lower extremities
caused by jogging. Serum biochemical indicators suggested liver
failure (ALT 9575.3 U/L, AST 12,187 U/L, TBIL 148.4 pmol/L, GGT
306 U/L, PTA 7.6%), myocardial damage (LDH 5913 U/L, CK-MB
40.8 U/L), and acute renal failure (BUN 10.23, Cr 246.7 pmol/L),
without abnormalities in viral serology or autoantibody tests. Physical
examination revealed that the orientation and calculation abilities of
the patient were decreased, accompanied by moderate yellow sclera
and positive liver palms. The patient was diagnosed with acute severe
injury (RUCAM PTA 13%).
Hepatoprotective and anti-jaundice therapy showed limited efficacy,
with only gradual reductions in ALT, AST, and bilirubin levels. After
using steroids and immunosuppressive drugs, the patient’s condition

drug-related liver score 8,

and serum liver enzymes improved quickly. Meanwhile, he underwent
liver biopsies, and the results indicated a tendency toward chronicity
and signs of recovery from liver injury (Table I and Figure 1).
According to genetic analysis, Patient 2 carried two common
mutations, p.V444A and p.A1028A, in the BSEP (Figure 2).
HE staining and IHC of the BSEP in the liver biopsy from Patient 2
indicated that low levels of the BSEP variants p.V444A and p.A1028A
were distributed on the membrane of the capillary bile duct (Figure 3).
This finding is consistent with previous evidence that the combination
of common SNPs p.V444A and p.A1028A could predispose to
cholestasis by reducing functional BSEP expression (8, 9).

Discussion

NSAID-related drug-induced liver injury (DILI) accounts for
approximately 10% of all reported DILI cases, with the majority of
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FIGURE 2

BSEP (ABCB11) mutations detected in Patient 1 and Patient 2. Compared to the wild type (WT), the p.V444A", AB65V, and p.A1028A" mutations were
found in exons 13, 21, and 24 of chromosome 2 in Patient 1, respectively. The p.V444A™ and p.A1028A"™ mutations were found in Patient 2. Genetic

cases presenting as idiosyncratic reactions with undefined molecular
mechanisms (10). Current epidemiological data on NSAID-related
DILI predominantly originate from Western populations, where
NSAIDs are widely accessible and frequently used for pain
management. In contrast, NSAIDs utilization in China demonstrates
distinct demographic patterns influenced by cultural perceptions of
medication, traditional medical practices, and a preference for
non-pharmacological therapies. Notably, the prevalent use of
traditional Chinese medicine and public concerns regarding the side
effects of Western drugs may collectively contribute to the
comparatively lower NSAIDs consumption rates.

Frontiers in Medicine

Our study identified a remarkable surge in DILI incidence during
the 2022-2023 winter-spring transition in China, temporally associated
with the Omicron variant outbreak. This epidemiological phenomenon
coincided with increased NSAIDs utilization and polypharmacy
practices during the pandemic. We specifically investigated two young
male patients who developed DILI following a single low dose of
ibuprofen (400 mg), despite the drug’s classification as a generally safe
over-the-counter analgesic. Notably, ibuprofen has been recognized as
an NSAIDs with elevated hepatotoxic potential (11), capable of inducing
both hepatocellular and cholestatic damage through dose-independent,
idiosyncratic mechanisms, as documented in previous reports (12-15).
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FIGURE 3

Histological and immunohistochemical staining for BSEP in Patient 1 and Patient 2. Immunohistochemistry showed BSEP labeling (red arrows) in the
patients with cholestasis. Nuclei are stained in blue. The yellow arrow represents hepatocytes with cholestasis (multi-nucleus). Black arrows in the H&E
staining depict the bile plugs formed. All images were taken at an original magnification of x400. H&E, hematoxylin and eosin.

While established risk factors for DILI encompass drug-related
characteristics (dosage, metabolic profile, lipophilicity) and host-
specific factors (demographics, comorbidities, genetic predisposition),
with female and older adult predominance (16, 17), our cases included
male patients in their fourth decade of life. This demographic
discrepancy highlights the potential significance of genetic
susceptibility in low-dose NSAID-related DILI pathogenesis.

ABCBI 1 (coding BSEP) gene mutations are implicated in cholestatic
disorders including progressive familial intrahepatic cholestasis type 2
(PFIC-2), intrahepatic cholestasis, and DILI (18). BSEP dysfunction
constitutes a key pathogenic mechanism in DILI by impairing bile acid
efflux, leading to cytotoxic accumulation and subsequent hepatocyte
injury (19). Both patients exhibited the p.V444A (rs2287622)
polymorphism, a validated genetic risk factor for pregnancy-related
intrahepatic cholestasis and cholestatic DILI (20, 21). Notably, while
comprehensive genetic screening excluded mutations in other
cholestasis-associated genes (ABCB4, FXR, TJ/P2, MYO5B, and USP53)
(22-25), both cases carried the p.A1028A concurrently with
p.V444A. Emerging evidence suggests that these co-occurring
polymorphisms may synergistically impair BSEP expression and
function, increasing the risk of cholestatic manifestations (8, 9).

Patient 1 presented additional complexity with a p.A865V missense
mutation, forming a compound heterozygous variation (BSEP p.V444A-
A1028A-A865V), which correlated with a prolonged jaundice duration.
Functional studies position p.A865V within the transmembrane helices
of the BSEP, where it disrupts protein trafficking and is associated with
severe phenotypic manifestations (8). Supporting these genetic findings,
immunohistochemical analysis of the liver biopsies demonstrated
abnormal BSEP expression patterns—reduced membrane localization
in Patient 2 (BSEP p.V444A-A1028A) and intracellular retention in
Patient 1 (BSEP p.V444A-A1028A-A865V). Critically, our cases
highlight a phenotype distinct from what is seen in congenital BSEP
deficiency disorders. While ABCBI1 mutations (p.V444A, p.A1028A,
and p.A865V) precipitated acute cholestatic DILI upon NSAIDs
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exposure, this presentation fundamentally differs from persistent
hepatocellular secretory failure (PHSF) seen in PFIC-2. Unlike
PFIC-2—which results from homozygous loss-of-function mutations
causing complete BSEP deficiency, lifelong cholestasis, and progressive
liver failure—our patients exhibited: (1) partial BSEP dysfunction (as
evidenced by abnormal trafficking rather than absence on IHC); (2)
acute, drug-triggered onset after decades of normal liver function; and
(3) resolution post-drug withdrawal without chronic sequelae. This
supports the idea that heterozygous ABCBI11 variants confer
susceptibility to transient bile transport disruption when
pharmacologically challenged, rather than causing intrinsic secretory
failure (9, 26). Furthermore, we excluded SARS-CoV-2-related
cholestasis based on: (1) the absence of viral RNA (PCR-negative at
admission); (2) profound hyperbilirubinemia and progressive
cholestasis inconsistent with COVID-19’s typically mild, self-limited
hepatic injury (ALT/AST < 3 x ULN; spontaneous resolution post-
recovery) (27-30); and (3) the lack of correlation between liver injury
and respiratory symptoms. These observations collectively suggest that
NSAIDs may unmask latent BSEP dysfunction in genetically
predisposed  individuals,

cholestatic DILI.

potentially leading to refractory

Conclusion

This investigation reports two cases of severe low-dose ibuprofen-
related DILI in young Chinese male individuals during the 2022-2023
Omicron outbreak. Our findings implicate ABCB11 (BSEP) genetic
variants as critical determinants of individual susceptibility to NSAID-
related hepatotoxicity, potentially precipitating liver injury even at
therapeutic doses. The identified compound heterozygous mutations
(p.V444A/p.A1028A/p.A865V) appear to predispose individuals to
refractory cholestasis by impairing bile acid transport. These results
underscore the importance of pharmacogenetic profiling for ABCBI11
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polymorphisms in predicting NSAID-related DILI risk, particularly
in populations with potential genetic predisposition. However, clinical
implementation requires validation through large-scale, multicenter
studies to establish genotype-phenotype correlations and develop
evidence-based screening protocols. Future research should focus on
the functional characterization of BSEP variants and population-based
genetic epidemiology studies to determine the prevalence and
penetrance of these risk alleles.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

Ethics statement

The studies involving humans were approved by Ethics Committee
of Beijing Youan Hospital. The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable images
or data included in this article.

Author contributions

YLy: Investigation, Data curation, Resources, Writing — original
draft, Formal analysis. YLi: Writing — original draft, Formal analysis,
Software, Investigation. YJ: Writing — review & editing, Resources. QL:
Resources, Writing - original draft. CS: Investigation, Writing - original
draft. CF: Writing - original draft, Resources. YH: Resources, Writing —
review & editing. HL: Resources, Methodology, Writing — review &
editing. LL: Formal analysis, Writing - original draft, Funding
acquisition, Writing - review & editing, Investigation. HD: Supervision,
Conceptualization, Funding acquisition, Writing - review & editing.

References

1. Wehling M. Non-steroidal anti-inflammatory drug use in chronic pain conditions
with special emphasis on the elderly and patients with relevant comorbidities:
management and mitigation of risks and adverse effects. Eur J Clin Pharmacol. (2014)
70:1159-72. doi: 10.1007/s00228-014-1734-6

2. Day RO, Graham GG. Non-steroidal anti-inflammatory drugs (NSAIDs). BM].
(2013) 346:f3195. doi: 10.1136/bmj.f3195

3. Unzueta A, Vargas HE. Nonsteroidal anti-inflammatory drug-induced hepatoxicity.
Clin Liver Dis. (2013) 17:643-56. doi: 10.1016/j.c1d.2013.07.009

4. Ostapowicz G, Fontana RJ, Schiedt FV, Larson A, Davern TJ, Han SHB, et al.
Results of a prospective study of acute liver failure at 17 tertiary care centers in the
United States. Ann Intern Med. (2002) 137:947-54. doi:
10.7326/0003-4819-137-12-200212170-00007

5. Craig DG, Bates CM, Davidson JS, Martin KG, Hayes PC, Simpson KJ. Overdose
pattern and outcome in paracetamol-induced acute severe hepatotoxicity. Br J Clin
Pharmacol. (2011) 71:273-82. doi: 10.1111/j.1365-2125.2010.03819.x

6. Gulmez SE, Unal US, Lassalle R, Chartier A, Grolleau A, Moore N. Risk of hospital
admission for liver injury in users of NSAIDs and nonoverdose paracetamol: preliminary
results from the EPIHAM study. Pharmacoepidemiol Drug Saf. (2018) 27:1174-81. doi:
10.1002/pds.4640

Frontiers in Medicine

10.3389/fmed.2025.1637289

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by National Natural Science Foundation of China (82372260), Beijing
Natural Science Foundation Haidian Original Innovation Joint Fund
(L202023), Beijing Municipal of Science and Technology Major
Project (Z221100007422002) and Capitals Funds for Health
Improvement and Research (2022-1-2181).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1637289/
full#supplementary-material

7. Bunchorntavakul C, Reddy KR. Acetaminophen-related hepatotoxicity. Clin Liver
Dis. (2013) 17:587-607. doi: 10.1016/j.c1d.2013.07.005

8. Hu G, He P, Liu Z, Chen Q, Zheng B, Zhang Q. Diagnosis of ABCB11 gene
mutations in children with intrahepatic cholestasis using high resolution melting
analysis and direct sequencing. Mol Med Rep. (2014) 10:1264-74. doi:
10.3892/mmr.2014.2349

9. Ho RH, Leake BE, Kilkenny DM, Meyer zu Schwabedissen HE, Glaeser H, Kroetz
DL, et al. Polymorphic variants in the human bile salt export pump (BSEP; ABCB11):
functional characterization and interindividual variability. Pharmacogenet Genomics.
(2010) 20:45-57. doi: 10.1097/FPC.0b013e3283349¢eb0

10. Boelsterli UA, Zimmerman HJ, Kretz-Rommel A. Idiosyncratic liver toxicity of
nonsteroidal antiinflammatory drugs: molecular mechanisms and pathology. Crit Rev
Toxicol. (1995) 25:207-35. doi: 10.3109/10408449509089888

11. Darr U, Sussman NL. Drug-induced liver injury in the setting of analgesic use. Clin
Liver Dis. (2020) 24:121-9. doi: 10.1016/j.c1d.2019.09.008

12. Uetrecht J. Mechanistic studies of idiosyncratic DILI: clinical implications. Front
Pharmacol. (2019) 10:837. doi: 10.3389/fphar.2019.00837

13. Watanabe T, Abe M, Tada F, Aritomo K, Ochi H, Koizumi Y, et al. Drug-induced
liver injury with serious multiform exudative erythema following the use of an over-the-

frontiersin.org


https://doi.org/10.3389/fmed.2025.1637289
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1637289/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1637289/full#supplementary-material
https://doi.org/10.1007/s00228-014-1734-6
https://doi.org/10.1136/bmj.f3195
https://doi.org/10.1016/j.cld.2013.07.009
https://doi.org/10.7326/0003-4819-137-12-200212170-00007
https://doi.org/10.1111/j.1365-2125.2010.03819.x
https://doi.org/10.1002/pds.4640
https://doi.org/10.1016/j.cld.2013.07.005
https://doi.org/10.3892/mmr.2014.2349
https://doi.org/10.1097/FPC.0b013e3283349eb0
https://doi.org/10.3109/10408449509089888
https://doi.org/10.1016/j.cld.2019.09.008
https://doi.org/10.3389/fphar.2019.00837

Lyu et al.

counter medication containing ibuprofen. Intern Med. (2015) 54:395-9. doi:
10.2169/internalmedicine.54.3204

14. Xie W, Wang Q, Gao Y, Pan CQ. Vanishing bile duct syndrome with hyperlipidemia
after ibuprofen therapy in an adult patient: a case report. BMC Gastroenterol. (2018)
18:142. doi: 10.1186/s12876-018-0869-9

15. Zoubek ME, Lucena MI, Andrade R], Stephens C. Systematic review: ibuprofen-
induced liver injury. Aliment Pharmacol Ther. (2020) 51:603-11. doi: 10.1111/apt.15645

16. Traversa G, Bianchi C, da Cas R, Abraha I, Menniti-Ippolito F, Venegoni M.
Cohort study of hepatotoxicity associated with nimesulide and other non-steroidal anti-
inflammatory drugs. BMJ. (2003) 327:18-22. doi: 10.1136/bm;.327.7405.18

17. Lacroix I, Lapeyre-Mestre M, Bagheri H, Pathak A, Montastruc JL. Nonsteroidal
anti-inflammatory drug-induced liver injury: a case-control study in primary care.
Fundam Clin Pharmacol. (2004) 18:201-6. doi: 10.1111/j.1472-8206.2004.00224.x

18.Li LT, Li ZD, Yang Y, Lu Y, Xie XB, Chen L, et al. ABCB11 deficiency presenting
as transient neonatal cholestasis: correlation with genotypes and BSEP expression. Liver
Int. (2020) 40:2788-96. doi: 10.1111/1iv.14642

19. Aleo MD, Luo Y, Swiss R, Bonin PD, Potter DM, Will Y. Human drug-induced liver
injury severity is highly associated with dual inhibition of liver mitochondrial function and
bile salt export pump. Hepatology. (2014) 60:1015-22. doi: 10.1002/hep.27206

20. Ulzurrun E, Stephens C, Crespo E, Ruiz-Cabello F, Ruiz-Nuiiez J, Saenz-L6pez B, et al.
Role of chemical structures and the 1331T>C bile salt export pump polymorphism in
idiosyncratic drug-induced liver injury. Liver Int. (2013) 33:1378-85. doi: 10.1111/1iv.12193

21. Meier Y, Zodan T, Lang C, Zimmermann R, Kullak-Ublick GA, Meier PJ, et al.
Increased susceptibility for intrahepatic cholestasis of pregnancy and contraceptive-
induced cholestasis in carriers of the 1331T>C polymorphism in the bile salt export
pump. World ] Gastroenterol. (2008) 14:38-45. doi: 10.3748/wjg.14.38

22.Lang C, Meier Y, Stieger B, Beuers U, Lang T, Kerb R, et al. Mutations and
polymorphisms in the bile salt export pump and the multidrug resistance protein 3

Frontiers in Medicine

06

10.3389/fmed.2025.1637289

associated with drug-induced liver injury. Pharmacogenet Genomics. (2007) 17:47-60.
doi: 10.1097/01.fpc.0000230418.28091.76

23. Srivastava A. Progressive familial intrahepatic cholestasis. J Clin Exp Hepatol.
(2014) 4:25-36. doi: 10.1016/j.jceh.2013.10.005

24. Amirneni S, Haep N, Gad MA, Soto-Gutierrez A, Squires JE, Florentino RM.
Molecular overview of progressive familial intrahepatic cholestasis. World |
Gastroenterol. (2020) 26:7470-84. doi: 10.3748/wjg.v26.i47.7470

25. Bull LN, Ellmers R, Foskett P, Strautnieks S, Sambrotta M, Czubkowski P, et al.
Cholestasis due to USP53 deficiency. ] Pediatr Gastroenterol Nutr. (2021) 72:667-73. doi:
10.1097/MPG.0000000000002926

26. Stindt J, Kluge S, Droge C, Keitel V, Stross C, Baumann U, et al. Bile salt export
pump-reactive antibodies form a polyclonal, multi-inhibitory response in antibody-
induced bile salt export pump deficiency. Hepatology. (2016) 63:524-37. doi:
10.1002/hep.28311

27. Sultan S, Altayar O, Siddique SM, Davitkov P, Feuerstein JD, Lim JK, et al. AGA
Institute rapid review of the gastrointestinal and liver manifestations of COVID-19,
meta-analysis of international data, and recommendations for the consultative
Management of Patients with COVID-19. Gastroenterology. (2020) 159:320-334.e27.
doi: 10.1053/j.gastro.2020.05.001

28. Youssef M, Hussein MH, Attia AS, Elshazli RM, Omar M, Zora G, et al. COVID-19
and liver dysfunction: a systematic review and meta-analysis of retrospective studies. J
Med Virol. (2020) 92:1825-33. doi: 10.1002/jmv.26055

29. Singh S, Khan A. Clinical characteristics and outcomes of coronavirus disease 2019
among patients with preexisting liver disease in the United States: a multicenter research
network study. Gastroenterology. (2020) 159:768-771.¢3. doi:
10.1053/j.gastro.2020.04.064

30. Phipps MM, Barraza LH, LaSota ED, Sobieszczyk ME, Pereira MR, Zheng EX,
etal. Acute liver injury in COVID-19: prevalence and association with clinical outcomes
in alarge U.S. cohort. Hepatology. (2020) 72:807-17. doi: 10.1002/hep.31404

frontiersin.org


https://doi.org/10.3389/fmed.2025.1637289
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.2169/internalmedicine.54.3204
https://doi.org/10.1186/s12876-018-0869-9
https://doi.org/10.1111/apt.15645
https://doi.org/10.1136/bmj.327.7405.18
https://doi.org/10.1111/j.1472-8206.2004.00224.x
https://doi.org/10.1111/liv.14642
https://doi.org/10.1002/hep.27206
https://doi.org/10.1111/liv.12193
https://doi.org/10.3748/wjg.14.38
https://doi.org/10.1097/01.fpc.0000230418.28091.76
https://doi.org/10.1016/j.jceh.2013.10.005
https://doi.org/10.3748/wjg.v26.i47.7470
https://doi.org/10.1097/MPG.0000000000002926
https://doi.org/10.1002/hep.28311
https://doi.org/10.1053/j.gastro.2020.05.001
https://doi.org/10.1002/jmv.26055
https://doi.org/10.1053/j.gastro.2020.04.064
https://doi.org/10.1002/hep.31404

	Case Report: Genetic predisposition to low-dose NSAID-induced liver injury in real-world China
	Introduction
	Full case description
	Patient 1
	Patient 2

	Discussion
	Conclusion

	References

