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Abstract

Benign recurrent intrahepatic cholestasis (BRIC) is a rare 
genetic disorder that is characterized by episodes of cholestasis 
followed by complete resolution. The episodic nature of BRIC raises 
concerns about its possible trigger factors. Indeed, case reports of 
this orphan disease have associated BRIC to some triggers. In the 
absence of any reviews, we reviewed BRIC trigger factors and its 
pathophysiology. The study consisted of a systematic search for case 
reports using PubMed. Articles describing a clear case of BRIC 
associated with a trigger were included resulting in 22 articles 
that describe 35 patients. Infection was responsible for 54.3% of 
triggered episodes, followed by hormonal, drugs, and miscellaneous 
causes reporting as 30%, 10%, and 5.7% respectively. Females 
predominated with 62.9%. The longest episode ranged between 3 
months to 2 years with a mean of 32.37 weeks. The mean age of 
the first episode was 14.28 ranging between 3 months to 48 years. 
Winter and autumn were the major seasons during which episodes 
happened. Hence, BRIC is potentially triggered by infection, 
which is most commonly a viral infection, hormonal disturbances 
as seen in oral contraceptive pills and pregnancy state, and less 
commonly by certain drugs and other causes. The appearance of 
cholestasis during the first two trimesters of pregnancy compared 
to intrahepatic cholestasis of pregnancy could help to differentiate 
between the two conditions. The possible mechanism of BRIC 
induction implicates a role of BSEP and ATP8B1. While estrogen, 
drugs, and cytokines are known to affect BSEP, less is known about 
their action on ATP8B1. (Acta gastroenterol. belg., 2021, 84, 477-
486).
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Introduction

Benign recurrent intrahepatic cholestasis (BRIC), 
a rare genetic disease of unknown prevalence, was 
described for the first time in 1959 by Summerskill 
and Walshe (1). BRIC is considered as part of a bigger 
family, familial intrahepatic cholestasis (FIC) which is 
composed of progressive familial intrahepatic cholestasis 
(PFIC) 1, 2 and 3, as well as BRIC 1 and 2 (2,3). These 
phenotypes share many common genes : Familial 
intrahepatic gene (FIC)/ ATP8B1 (ATPase phospholipid 
transporting 8B1) gene responsible for BRIC 1 and 
PFIC 1, ABCB11 (ATP-binding cassette, sub-family B 
member 11) gene associated with BRIC 2 and PFIC 2, 
and ABCB4 associated with PFIC 3 (2-4). A defect in 
these genes is also found in other cholestatic diseases 
such as intrahepatic cholestasis of pregnancy (ICP) and 
drug-induced cholestasis (DIC) (5-7).

BRIC is characterized by episodes of cholestasis 
that last from weeks to years followed by complete 

resolution in between (8,9). Clinical manifestations 
of BRIC are mostly related to the liver. These include 
jaundice, anorexia, pruritus, vomiting, steatorrhea, 
malabsorption, vitamin K deficiency and weight loss 
(10,11). Nonetheless, other extrahepatic manifestations 
have been reported, such as hearing loss, acute 
pancreatitis, and diarrhea in ATP8B1 mutations and 
formation of gallstones in ABCB11 defects (4,10,12). 
BRIC is associated with a good prognosis and does not 
usually lead to fibrosis, in opposition to PFIC which is 
characterized by continuous cholestasis leading to liver 
fibrosis (2,13). Nevertheless, progression from BRIC to 
PFIC has been described, reflecting the possible nature 
of both diseases as being part of the same spectrum 
(14,15). The pathophysiology and triggers of BRIC have 
not been studied yet. Most reported episodes of BRIC 
were not associated with specific trigger factor and thus 
considered idiopathic. However, in many other cases, 
it was associated with preceding events such as upper 
respiratory infections, viral infections, pregnancy, oral 
contraceptive pills (OCPs) and others (9). Also, other 
reports suggested a seasonal pattern of BRIC (9,16,17). 

Basic understanding of BRIC’s pathophysiology 
started with the observation of an intrinsic defect in bile 
salts (BS) transportation, followed by mapping FIC1 and 
ABCB11 genes that are responsible for BRIC 1 and 2 
respectively (2,18). However, not much is known about 
the episodic nature of this disease, nor about the role of 
certain factors in inducing it and the mechanisms behind 
them. Previous reviews on PFIC and BRIC were mainly 
narrative and did not focus on trigger factors (19). To 
elaborate the triggers and pathophysiology of BRIC, we 
conducted a review of case reports that include BRIC 
cases with an associated trigger using a methodological 
demarche. Additionally, we reviewed the possible 
mechanism by which potential factors trigger BRIC. 

Methods
We conducted a search for articles published till 

October 2020 via PubMed searching engine using 
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from 3 months to 48 years. Meanwhile, the mean age at 
presentation was 31.47 ±16.82 year (table 4).

Of all 35 patients, 6 had a defect in bile salt export 
pump (BSEP) and a similar number had a defect in 
ATP8B1. Extrahepatic complications were distributed 
between gallstones and pancreatitis revealing 7 patients 
having gallstones compared to 4 having pancreatitis. 
Family history was reported in 15 patients while others 
did not have a family history or data were unavailable. 
11 episodes happened in winter season and 6 in autumn 
compared to 5 and 4 episodes that happened in spring and 
summer respectively. 

Of all 170 episodes of BRIC, 70 (41.1%) were 
associated with an identified trigger factor. Overall, 
infection was the most commonly reported trigger 
(54.3%) followed by hormones (30%), drugs (10%), 
and miscellaneous (5.7%). Pregnancy was reported 
in 16 episodes with 12 that occurred during the first 2 
trimesters compared to 1 in the third and 3 unspecified. 
OCPs were found in 5 episodes. Of all infectious causes, 
viral infection such as upper respiratory tract infection 
(URTI), simple viral illness, and influenza were reported 
in 22 occasions. Bacterial infections such as tonsillitis, 
skin infection, otitis media, pneumonia and urinary tract 
infection (UTI) were reported in 13 episodes. Few drugs 
were reported such as : tetracycline, acetaminophen, 
amoxicillin-clavulanic acid, cefuroxime, erythromycin, 
and sulfonamides. Other causes such as vaccines and 
hyperthyroidism were reported on an individual basis. 
The trigger factors are summarized in table 5.

Discussion

Basic understanding of the pathophysiology of 
intrahepatic cholestasis in BRIC was primarily based 
on two hypotheses : the first one attributes BRIC 
to an intrinsic defect in bile salts elimination, while 
the second attributes it to circulating substances that 
induce cholestasis (17,18,38). Studies of van Berge et 
al, and later those of Summerfield et al, on serum bile 
acids (BA) in a patient with BRIC during a cholestatic 
attack demonstrated an elevation in BA, in addition to 
a discrepancy between BA and bilirubin. This elevation 
of BA early in the course followed by a rise in bilirubin 
was the initial evidence for the role of BA elimination 
in this disease (17,18). An experiment conducted by 
Minuk et al, which consisted of transfusing the serum 
of a patient with BRIC into rats, did not result in any 
cholestatic finding in these rats; this was also in favor 
of the intrinsic defect hypothesis (38). Later on, a defect 
on the chromosome 18q21-22 was detected in patients 
with BRIC and was referred to us as FIC1 gene (2,39,40). 
Then, during the last decade, ABCB11 gene (BSEP 
transporter) was mapped and attributed to BRIC 2 (4,41).

Briefly, current knowledge on the pathophysiology of 
BRIC reveals that a defect in BSEP or in ATP8B1 results 
in an impairment of BS elimination and accumulation, 
subsequently leading to cholestasis (5,42). BS retention is 

the key words : “cholestasis, intrahepatic”, “Benign 
recurrent intrahepatic cholestasis” and “Summerskill’s 
syndrome” (figure 1). We reviewed and analyzed the 
identified papers based on the relevance to the topic. The 
search was limited to case report categories in English, 
French or Arabic language, which included an abstract. 
We ended up with 2980 articles. Publications that did not 
describe a clear presentation of BRIC (example : focusing 
on treatment without a detailed case presentation) or 
presented an overlapping presentation between BRIC 
and PFIC were excluded. Furthermore, papers meeting 
the above criteria were analyzed and only articles 
presenting a clear potential trigger were included. At this 
point, total number of articles meeting the above criteria 
was 17. In addition, we performed a manual search via 
Google Scholar search engine for relevant case reports 
meeting our criteria. We had a total result of 22 articles 
describing 35 patients diagnosed with BRIC, who had 
at least one episode that was associated with a potential 
trigger (figure 1). For each case (patient), data related to 
gender, age at presentation, age at first episode, number 
of episodes, triggers, season, related genetic defects, 
duration of the longest episode, and family history 
were extracted. Trigger factors were classified into 4 
categories : A- hormones : regrouping pregnancy and 
OCPs; B- infection : including different types of viral 
and bacterial infections; C- drugs; D- miscellaneous. 

Results 

Tables 1, 2, and 3 summarize all the cases found 
to have an associated trigger. 22 articles reported 35 
different patients labeled from 1 to 35. Of all cases, 22 
were females (62.9%). The mean number of episodes was 
5.31 ± 3.42. The duration of the longest episode ranged 
from 3 months to 2 years with a mean of 32.37 weeks. 
The mean age at first episode was 14.28 years ranging 

Figure 1. — Flow diagram of the literature review
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the rarity of the association and lack of studies on BRIC 
patients. For that reason, we regrouped reported trigger 
factors under four categories (table 5) : A- hormone; B- 
infection; C- medication; D- miscellaneous.

Hepatocyte transport system

In order to facilitate the understanding of the 
possible mechanism of BRIC induction, we refer to 
the hepatocellular transport system in figure (2). The 
transport of substances across hepatocytes are mainly 

considered toxic and could lead to liver injury by activation 
of deteriorative response. This can lead to mitochondrial 
impairment, oxidative stress, inflammation, and cell 
death that result in a viscous cycle of BS retention and 
cell destruction (43-45). The mechanism initiating this 
cascade of BS retention is still unknown and thought 
to be idiopathic; however, as described above it could 
be triggered. In the upcoming sections, we highlight the 
possible mechanisms by which triggers - found in our 
review - induce BS retention. Evaluating how each single 
trigger could lead to cholestasis is not possible due to 

Case Reference Year Sex Age (y) Age at 1st  
episode

nb of 
episodes

Trigger factor Genetic 
Defect

Extrahepatic 
complication

Nb of attack 
per month

Longest 
episode

FH of 
cholestasis

1 Summerskill and 
Walshe [1]

1959 F 29 9 y 5 pregnancy(a) x1
influenza x1

NA NA Mar x1
Oct x1
Sep x2

2 y NA

2 Stark [20] 1967 F NA 17 m 9 Otitis media x2 NA NA NA 6 m NA
3 Lesser [21] 1973 F 23 20 y 2 OCPs / tetracycline NA NA Oct x1 7 w Brother
4 Lesser 1973 F 46 21 y 13 Pregnancy x5

Viral illness x1
OCPs x2

Flu vaccine x1

NA NA NA 7 m Sister

5 De pagter et al [22] 1976 F 11 1 y NA Viral illness x? NA NA NA 3 w Sister
6 De pagter et al 1976 F 53 14 d <8 Pregnancy x1 NA Gallstones NA 2 y Father’s 

family 
7 De pagter et al 1976 M 41 6 y <3 Tonsillitis x1 NA NA NA NA Sister
8 Summerfield et 

al [17]
1980 M 51 18 y 11 Viral illness x? NA Gallstones NA 3 m NA

9 Summerfield et al 1980 M 66 28 y 5 URTI x2
(UTI x1 and 

Sulfonamides)

NA Gallstones NA 3 m NA

10 Cohen et al [23] 1985 F 58 48 y 4 Tonsillitis x2 NA NA NA 4 m NA

Table 1. — Summary of BRIC case reports reporting at least one potential trigger factor from 1959-1988

Pregnancy(a): during first 2 trimesters  NA: data not available; F: female; M: male; y: year; d: day; w: week; m: month; URTI: upper respiratory tract infection; UTI: urinary 
tract infection; OCPs: oral contraceptive pills; x: number of times; Nb: number; FH: family history; ?: unknown; Mar: March; Oc t: October; Sep: September.

Case Reference Year Sex Age (y) Age at 1st  
episode

Nb of 
episodes

Trigger factor Genetic 
Defect

Extrahepatic 
complication

Nb of attack 
per month

longest 
episode

FH of 
cholestasis

11 Lau et al [24] 1989 F 15 11 y 5 Influenza x2 NA NA Aug x1 6 m Brother
12 Bijleveld et al [16] 1989 M 7 1 y 2 Gastroenteritis x1 NA NA NA 6 m Brother
13 Brenard et al [25] 1989 F 25 NA 2 Pregnancy(a) x1 NA NA NA 7m NA
14 Brenard et al 1989 F 46 NA 7 Pregnancy (a) x1 NA NA NA 4 m Sister
15 Brenard et al 1989 F 30 NA 3 Pregnancy (b) x1 NA Gallstones NA 4 m NA

16 Brenard et al 1989 F 37 NA 8 Pregnancy (a) x1 NA Gallstones NA 15m NA
17 Brenard et al 1989 F 23 NA 3 Pregnancy (a) x1 NA NA NA 12m Brother
18 Brenard et al 1989 F 48 NA 2 Pregnancy(a) x1 NA NA NA 2 m NA
19 Bijleveld et al 1989 M 14 8 y 9 Gastroenteritis x1 NA NA Nov x2/ Dec 

x2/ Jan x4 /
Feb x1

6 m Brother

20 Lovisetto et al [26] 1990 F 42 5 y 10 Pregnancy (a) x1 NA Gallstones NA NA Brother
21 Al drees et al [27] 1999 F 11 4 y 3 Viral illness x1 NA NA NA 8 w NA
22 Kubitz et al [28] 2006 M 17 3 m 5 URTI x1

Viral illness x3
BSEP NA NA 8 w NA

23 Ermis et al [29] 2010 M 23 11 y 3 URTI x1 ATP8B1 NA NA 6 w NA
24 Beausejour et al [30] 2011 F NA NA 2-3 URTI x?

OCPs x? 
BSEP Pancreatitis x1 NA 18 m Sister

25 Beausejour et al [30] 2011 F NA 9 m 2-3 URTI x?
OCPs x?

BSEP NA NA 1.5 y Sister

Table 2. — Summary of BRIC case reports reporting at least one potential trigger factor from 1989-2011

Pregnancy (a): during first 2 trimesters; Pregnancy (b): during third trimester. NA: data not available; F: female; M: male; y: year; w: week; m: month; URTI: upper 
respiratory tract infection; OCPs: oral contraceptive pills; x: number of times; Nb: number; FH: family history; ?: unknown; Aug: August; Feb: February; Jan: January; Dec: 
December; Nov: November.
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the elimination of BS (51); organic cation transporter 
(OCTs) which mediate hepatocellular uptake of organic 
cations of endogenous (e.g., dopamine) or exogenous 
(e.g., drugs like procainamide) origin (52). Finally, there 
is aquaporin-9 (AQP9), a water selective channel located 
in hepatocytes (53). 

The second group of transporters constitutes the 
canalicular system responsible for BS transfer from blood 
to bile (54,55). As part of this system, we have : multi-
drug resistance-1 (MDR1) that functions as an efflux 
protein for many endogenous and exogenous substances 
such as toxins, steroids, metabolites, and others. Hence, 
it is implicated in drug resistance in hepatocellular 
carcinomas (56,57); There is also multi-drug resistance-3 
(MDR3), a flippase that is responsible for translocating 
phosphatidylcholine (PC) from the inner leaflet to 
the outer one of the canalicular membrane, leading 
to a release of PC vesicles into bile (58). Aquaporin 8 
(AQP8) plays a role in bile formation by altering the 
osmotic movement (59). The MRP family is also active 
in the canalicular part, especially via MRP2 (multi-drug 

assured by two groups of transporters, depending on 
their locations in the polarized hepatocytes : canalicular 
or basolateral (sinusoidal) transporter (46). While the 
former is responsible for the direct passage of substances 
into the bile tract, the latter assures the communication 
between sinusoidal blood and hepatocytes (46).

Briefly, organic compounds, that are mainly bound to 
albumin, pass through the endothelial fenestrae of the 
liver sinusoids into the space of Disses, then into the 
hepatocytes via the basolateral transport system (47). 
This system is further divided into Na+-dependent and 
Na+-independent transporters (48). Of these transporters, 
we have : Na-taurocholate co-transporting polypeptides 
(NTCPs) which are glycoproteins mainly responsible for 
BS uptake by hepatocytes (49); organic anion binding 
polypeptides (OATPs) that are in charge of non-BS 
organic anions uptake such as bilirubin, leukotrienes, 
thyroid hormones, estrogen and xenobiotics (50); 
multi-drug resistance associated proteins (MRPs) 
which are ATP-dependent pumps mainly involved in 
the compensation of cholestatic conditions, assisting in 

Case Reference Year Sex Age (y) Age at 1st  
episode

Nb of 
episodes

Trigger factor Genetic 
Defect

Extrahepatic 
complication

Nb of attack 
per month

longest 
episode

FH of 
cholestasis

26. Folvik et al [10] 2012 M 42 27 y 10 URTI x5 ATP8B1 Pancreatitis x2 Jan x1 12 w Twin
27. Folvik et al 2012 M 62 41 y 12 Pneumonia x1 vs 

erythromycin
NA NA NA 8 m NA

28. Folvik et al 2012 M 21 15 y 7 Havrix x2 ATP8B1 Pancreatitis x2 Decx1/ June 
x1/ July x1 
/April x1/ 

Sept x1 May 
x1 /March x1

14 w NA

29. Mizuochi et al [31] 2012 F 7 7 y 1 Influenza x1 ATP8B1 NA NA 2 y NA
30. Moghadamrad et 

al [32]
2013 F 44 44 y 1 Gastroenteritis x1 

vs acetaminophen
BSEP gallstones NA NA Grand 

mother and 
aunt

31. Urszula et al [33] 2014 M 14 14 y 3 Tetracycline vs skin 
infection x1

ATP8B1 NA NA 3 m NA

32. Schreiner et al [34] 2019 M 16 16 y 3 Tonsillitis x2 
vs cefuroxime/ 

amoxicillin-
clavulanic acid

BSEP NA NA NA NA

33. Halawi et al [35] 2020 F 37 3 m 8 Pregnancy x1
Pneumonia x1

Hyperthyroidism x1

ATP8B1 Pancreatitis x1 Feb x1 5 m NA

34. Arthur et al [36] 2020 F 27 24 y 3 Pregnancy x1 BSEP NA NA NA NA

35. Salyani et al [37] 2020 M 21 14 y 6 Skin infection x2 NA NA Dec x1
April x1
June x2

8 w NA

NA: data not available; F: female; M: male; y: year; w: week; m: month; URTI: upper respiratory tract infection; OCPs: oral contraceptive pills; x: number of times; Nb: 
number; FH: family history; ?: unknown; Dec: December; Apr: April; Feb: February; Sept: September.

Table 3. — Summary of BRIC case reports reporting at least one potential trigger factor from 2012-2020

Sex Mean number of 
episodes (SD)

Mean age at 
presentation (SD)

Genetic defect Extrahepatic 
complication

Mean age at first 
episode(range)

Season Mean Duration 
of longest 

episode (range)

Presence of 
family history

F:62.9%

M:37.1%

5.31±3.42 31.47±16.82 BSEP: 6x

ATP8B1:6x

Pancreatitis:6x

Gallstones:6x

14.28 (3m-48y) Winter: 11x
Autumn:6x
Spring:5x

Summer:4x 

32.37% (3m-2y) 42.8%

Table 4. — Summary of variables presented in table 1-3

F: female; M: male; SD: standard deviation; x: number of time; m: month; y: year.
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resistance-2), which is associated with Dubin-Johnson 
syndrome (60). It facilitates the secretion of different 
organic anions in the bile system such as : glutathione 
S-conjugate, leukotriene C4, 17beta-glucuronosyl 
estradiol, glucuronosyl bilirubin, glutathione disulfide 
(61,62). Anion exchange protein 2 (AE2), as part of 
Na+-independent anion exchangers, is responsible for Cl- 
HCO3- exchange, hence preserving the electroneutrality 
(63). The major canalicular transporters that are involved 
in BRIC disease are BSEP and ATP8B1, which is part 
of P4 ATPases family (64). BSEP is known as a sister of 
P-glycoprotein (SPGP) due to its homology with MDR 
(multi-drug resistant) glycoprotein (65). It was found to 
be the major protein defected in BRIC type 2, in addition 
to other cholestatic diseases such as : PFIC 2, DIC, and 
ICP (66). BSEP is encoded by ABCB11 gene that is found 
on chromosome 2q24. The major role of BSEP, as its 
name implies, is to transport BS, especially monovalent 
conjugated ones, across canalicular membranes, and it 
constitutes the rate limiting step in the passage of BS from 
hepatocytes to bile canals (67). The regulation of BSEP, 
as many canalicular channels, usually happens on three 
major levels : transcriptional, post-transcriptional and 
post-translational (67). Transcriptional level implicates a 
primary role in transactivation pathways, especially bile 

Triggers Episodes Percentage 

INFECTION 38 54.29%
Upper respiratory tract infection 10 14.3%

Viral illness 8 11.4%

Tonsillitis 5 7.1%
Influenza 4 5.7%
Gastroenteritis 3 4.3%
Skin infection 3 4.3%
Otitis media 2 2.9%
Pneumonia 2 2.9%
Urinary tract infection 1  1.4%

HORMONES 21  30%

Pregnancy 16 22.9%

Oral contraceptive pills 5 7.1%
DRUGS 7 10%

Tetracycline 2 2.9%
Acetaminophen 1 1.4%
Amoxicillin-clavulanic acid 1 1.4%
Cefuroxime 1 1.4%
Erythromycin 1 1.4%
Sulphonamides 1 1.4%

MISCELLANEAOUS 4 5.71%
Havrix 2 2.9%
Flu vaccine 1 1.4%

Hyperthyroidism 1 1.4%

Table 5. —  Summary of BRIC trigger factors

Figure 2. —  (A) Hepatocellular transport system representing both basolateral and canalicular systems ; IHC : intrahepatic component ; 
EHC : extrahepatic component ; ATP8B1 : ATPase phospholipid transporting 8B1 ; AE2 : Anion exchange protein 2 ; AQP8/9 : 
Aquaporin 8/9 ; BS : bile salts ; BSEP : Bile salt export pump ; OA : Organic anions ; OC : Organic cations ; MDR3 : Multidrug 
resistance protein3 ; MRP : Multidrug resistance associated protein ; OATPs : Organic anion transporting polypeptides ; NTCP : 
Sodium-taurocholate cotransporting polypeptide ; MRP2 : Multidrug resistance associated 2 ; OCT : Organic cations transporter ; 
HCO3 : Bicarbonate ; GSH : Glutathione ; COA : Conjugated organic anions ; SBS : Sulfated-bile salts ; GBS : Glucuronide-Bile 
salts ; * : leukotrienes, thyroid hormones, estrogen, and xenobiotics ; ** : toxinsand steroids. (B) Role of ATP8B1 as a flippase that 
mediates the translocation of phospatidylserine (in red) from the outer leaflet to the inner one of the plasma membrane. Thus, it 
conserves the asymmetry and fluidity of the membrane. The main function of BSEP is to export bile salts especially monovalent into 
the bile canals ; IN : intracellular side ; OUT : bile canaliculus side ; BRIC : benign recurrent intrahepatic cholestasis.
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expression of BSEP decrease notably (76,81). BS/FXR 
signaling pathway in addition to estrogen receptor/
estrogen receptor alpha (ER/ER-ɑ) form the major cause 
of decrease in BSEP expression in response to high 
estradiol (E2) level (76,81). Song et al demonstrated that 
E2 represses the expression of BSEP in late pregnancy 
via a non-classical E2/ER-ɑ trans-repressive pathway 
that directly interacts with FXR after their observation 
on pregnant mice and human primary hepatocytes (76). 
These findings correlate with the course of ICP where 
cholestasis becomes apparent in the third trimester. 
However, the reason for which BRIC appears earlier in 
pregnancy is not clear. To investigate the mechanism 
behind the trans-repression of BSEP by E2 at the level 
of FXR, Chen et al demonstrated that E2 represses BSEP 
via a decrease in the recruitment of proliferator-activated 
receptor gamma co-activator1 (PGC-1) among other 
potential co-activators (81). Also, there is an increase in 
the recruitment of nuclear receptor corepressor (NCoR) 
among other corepressors to BSEP promotor in Huh7 
human hepatoma cells (81). In addition, he demonstrated 
that this trans-repression is not ligand specific and 
different BS types can be involved (81).

Another way of BSEP alteration is mediated via 
endocytic internalization (83-86). This subcellular locali-
zation of transporters was seen in response to estradiol 17b 
glucuronide (E217G) (84). While pre-vious studies have 
shown that estrogen induces Mrp2 internalization leading 
to cholestasis induction, many studies also recently 
demonstrated a possible similar action of estrogen on 
BSEP (87). Indeed, Crozenzi et al demonstrated in rats 
that E217G leads to marked endocytic internalization 
of BSEP from membrane to intracellular vesicular-like-
structure accompanied by impairment of BSEP transport 
activity (59). These findings were not observed in rats 
lacking Mrp2, reflecting an essential role for BSEP and 
Mrp2 in inducing cholestasis (59). To elicit the molecular 
mechanism of internalization in response to estrogen, 
Miszczuk et al found that the internalization of BSEP and 
Mrp2 in E217G induced cholestasis was accomplished 
using clathrin-mediated endocytosis in rats (88). 

The fact that ATP8B1 and BSEP are defective in BRIC 
does not imply whether any trigger factor acts directly on 
these proteins. Other possible scenarios might relate to an 
interaction with other channels that is added to the initial 
defect, subsequently leading to cholestasis. Indeed, estro-
gen is also known to affect basolateral channels, and thus 
causing cholestasis (89-91). Estrogen primarily leads 
to the down regulation of all basolateral organic anion 
transporters by diminishing the nuclear binding activity 
of pregnane X receptor (PXR) (91). More possible 
implications of estrogen in inducing cholestasis are via 
the affection of hepatocytes polarity and disruption of 
tight junctions, leading to a backward diffusion of BS 
into sinusoidal space as well as an alteration in bile 
plasma osmotic gradient (92). This prominent role of 
estrogen in inducing cholestasis, does not eliminate a 
possible concomitant role for progesterone (93).

acid receptor/farnesoid X receptor (BAR/FXR) signaling 
pathway where BS induce mRNA expression of BSEP 
(67). In fact, many substances such as estrogen were 
found to alter these pathways, resulting in alteration in 
BSEP function and/or expression, as we will discuss later. 
FIC1 gene encodes a canalicular protein, the ATP8B1. 
This protein is a flippase that mediates the translocation 
of aminophospholipids (phospatidylserine) from the 
outer leaflet to the inner one of the plasma membrane 
(68,69). Thus, it conserves the asymmetry and fluidity of 
the membrane. A recent function of ATP8B1 was related 
to its implication in microvillus formation in polarized 
epithelial cells (70). In addition, the absence of ATP8B1 
in the intestinal Caco-2 cells was found to impair the 
BS uptake via NTCP2 in these cells which may be 
implicated in the pathophysiology of diarrhea in patients 
with ATP8B1 deficiency (71).

Hormonal

This category encompasses pregnancy and OCPs. 
Based on our findings, pregnancy was reported in several 
cases (22.9%) as a potential trigger for BRIC, mainly 
during the first two trimesters. This feature is of extreme 
importance, since the other benign cholestatic disease 
related to pregnancy, ICP, presents with cholestasis 
mainly in the third trimester of pregnancy (6,72,73). 
Indeed, BRIC and ICP can present with a similar clinical 
course, especially if patients have their first attack 
of BRIC during pregnancy, which was the case with 
patient number 34 (Table 3) (36). OCPs were associated 
with BRIC in 7.1% of cases. OCPs are known to cause 
cholestasis regardless of BRIC, which make them a 
good candidate for BRIC induction (74). As opposed 
to pregnancy, a relation between OCPs and BRIC is 
more difficult to assess and can be questioned. In most 
reported cases, a chronological relation between starting 
or stopping OCPs and cholestatic episodes is not clear. 
Brenard et al, in his case series of 26 BRIC cases, found 
that the discontinuation of OCPs in patients having BRIC 
attack did not lead to any obvious improvement, making 
the causality relation weaker (25).

In general, the effect of OCPs and pregnancy on 
inducing cholestasis is mainly related to the estrogenic 
component as demonstrated in ICP (68,75-77). As a result, 
a possible hypothesis to understand the mechanism by 
which pregnancy and OCPs induce cholestasis in BRIC 
patients is by elaborating the action of estrogens and their 
metabolites on hepatic transporters, especially ATP8B1 
and BSEP in rodents. In a normal state, the physiological 
response to the increase in BS leads to an increase in 
the expression of BSEP as a regulatory mechanism, and 
thus an increase in the elimination of excess BS (67). 
This compensatory mechanism is primarily mediated by 
transactivation pathways, especially BS/FXR signaling 
pathway (78-80). In that sense, an increase in BS stimu-
lates FXR and prevents BS accumulation (81,82). 
Nevertheless, in high estrogenic state, the function and 
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(73). In 1998, Crawford et al postulated that one form 
of hepatocellular cholestasis is inflammation-induced 
cholestasis, which is attributable to the inflammatory 
cytokine system activated by extrahepatic infections or 
inflammatory processes (104). However, evidence now 
reveals that through the activation of pro-inflammatory 
cytokines, inhibition of hepatobiliary transporter gene 
expression takes place; this leads to impaired transport 
and profound reduction of bile flow, resulting in 
hyperbilirubinemia and cholestasis (105). 

LPS and endotoxins induce Kupffer cells to produce 
pro-inflammatory cytokines which cause a repressed 
activity of nuclear transcriptional factor, thus leading to 
a decrease in the expression of BSEP (106). LPS leads 
to the downregulation of both canalicular and basolateral 
transporters (107). Indeed, it showed that transcriptional 
downregulation of the export pumps BSEP and MRP2 
accounts for the reduction in bile flow and secretion 
during endotoxinemia (59,108). However, Jansen et al 
showed that following LPS treatment in animal models, 
rapid early retrieval of BSEP transporter takes place 
hours before the down-regulation of BSEP messenger 
ribonucleic acid (mRNA) and protein occurs (109). 
In a more recent experiment, Zollner and coworkers 
(2001) suggested a role for posttranscriptional and 
posttranslational mechanisms of BSEP regulation from 
percutaneous liver biopsy samples taken from patients 
with sepsis-induced cholestasis (110). By virtue of the 
latter, a more important role was attributed to post-
transcriptional processes in humans. Since a mild infec-
tion, not resulting in sepsis, is a frequent trigger of BRIC, 
the inability to reproduce a similar model as in sepsis via 
LPS represents a major limitation in understanding its 
pathophysiology.

Miscellaneous 

Vaccines were attributed to BRIC induction on few 
occasions. One interesting case is that of patient (26) 
(10). This patient with BRIC disease had a total of 7 
attacks, with 2 of them occurring after taking hepatitis 
A inactivated vaccine “Havrix” (GlaxoSmithKline 
Biologicals). The mechanism underneath is not clear. 
Moreover, hyperthyroidism was associated with BRIC 
on one occasion (35). Thyroid dysfunction, especially 
hypothyroidism is a common cause of cholestasis but 
rarely leads to apparent jaundice (111). It is reported 
in patients with ATP81B1 deficiency as a possible 
extrahepatic manifestation of BRIC1 (112). 

Limitations

The limitation of our study is mainly related to possible 
reporting and publication bias since data was extracted 
from case repots. In addition, the causality relationship 
was difficult to establish for many triggers due to the 
limited number of reports. Also, literature searching was 
primary done using one data base.

Drugs

The association between drugs and BRIC seems to 
be the most challenging and complicated one due to 
the few number of cases and the absence of time and/
or dose relation in each episode. In addition, in most 
reported cases where a medication was assigned as a 
possible trigger factor, there were additional overlapping 
factors that could be the culprit. For example, in some 
cases, erythromycin was used to treat pneumonia, sulfa 
for urinary tract infection and tetracycline for skin 
infection (10,17,33). In one reported case, a patient (27) 
had a BRIC attack following influenza A infection and 
the start of oseltamivir course; a negative drug-induced 
lymphocyte stimulation test using oseltamivir phosphate 
favored the possibility of influenza as being the trigger 
instead of oseltamivir (31). 

In case of BRIC, ATP8B1 does not seem to have a 
role in drug-induced cholestasis since it is not a drug 
transporter. The defect in BSEP is the main contributory 
factor in its pathogenesis. Briefly, lipophilic drugs 
cross hepatocytes’ cell membrane mainly via active or 
facilitated transport in the sinusoidal system (94). Then 
intracellularly, drugs undergo phase 1 and 2 metabolism 
leading to water soluble substances (95). Finally, the rate 
limiting step of this process constitutes its elimination 
via canalicular transporters, mainly BSEP and MRP2 in 
the bile (95). Drugs inducing cholestasis act on different 
levels : bile canaliculi dynamics, BS transporters, and 
cytoskeleton (96-98). The majority of drugs lead to 
competitive cis-inhibition of BSEP; other drugs also 
reduce its expression (98,99). As for DIC, the most 
important reported variation in BSEP is V444A (100). 
Other canalicular transporters, such as MDR3, and 
basolateral canaliculi such as MRP3, MRP4, NRCP, and 
OATPs, are also implicated (95,98,101,102). 

Infections

Infection was reported in 38 occasions as a trigger 
event of BRIC (table 5). The majority of reported cases 
were related to a simple or mild viral infection, especially 
influenza virus and simple URTI. Less commonly, 
otitis media, skin infection, UTI, and gastroenteritis 
were reported. Pneumonia can be viewed from dif-
ferent perspectives. It is often reported as a possible 
complication of ATP8B1 mutation as seen in a patient 
with PFIC (13). Gastroenteritis was noted in patients 
from case reports (17) and (18) who had a simultaneous 
attack of BRIC after suffering from gastroenteritis (16). 
Gastroenteritis could alter the microflora which results in 
alteration in secondary bile salts, thus leading to diarrhea 
(103). Moreover, gastroenteritis is seen in prodromal 
phase or as an extrahepatic manifestation of BRIC (4,71).

Reflections on the mechanism by which infection 
induce cholestasis come mainly from observations on 
rodents treated with lipopolysaccharides (LPS) and 
cytokines mimicking sepsis and inflammatory states 
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Conclusion

In conclusion, BRIC is an episodic cholestatic disease 
that is associated with some trigger factors. Infections, 
with viral being more common than bacterial, and 
hormonal changes, resulting from pregnancy and OCPs 
use, are the main reported triggers. Other less significant 
triggers are drugs, vaccines, and hyperthyroidism. 
Knowing the trigger factors is a key element to prevent 
its occurrence, and identifying the pathophysiology of 
triggers such as pregnancy could facilitate a field for new 
therapeutic interventions. Therefore, high-quality clinical 
trials as well as molecular studies are needed to confirm 
the trigger factors and the underlying pathophysiology of 
such disease.
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