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Dear Editor,

We read the Correspondence by Li et al." with great inter-
est and appreciate their effort in further expanding the dis-
cussion on the research directions we presented in our edi-
torial. Li et al. reported that GOLM1 regulates the expression
of ABCG5, thereby promoting cholesterol efflux and influ-
encing the formation of cholesterol gallstones (CGS).? In
our editorial, we previously suggested that GOLM1 may not
only regulate cholesterol metabolism but also play a role in
bile acid metabolism and gut microbiota modulation.® Addi-
tionally, we discussed the potential of combining GOLM1
inhibition with FXR agonism as a therapeutic strategy for
regulating cholesterol and bile acid homeostasis.

In their Correspondence, Li et al. proposed that GOLM1
may be linked to the FXR signaling pathway, potentially
regulating an alternative bile acid synthesis pathway medi-
ated by CYP27A1 and CYP7B1. These enzymes function in
a pathway distinct from the classic CYP7A1-dependent bile
acid synthesis pathway and are known to metabolize cho-
lesterol to convert into bile acids.* However, GOLM1-medi-

ated molecular mechanisms to control alternative bile acid
synthesis pathways still remain unclear.

Furthermore, Li et al. proposed that alterations in GOLM1
expression may regulate bile acid metabolism and immune
responses, highlighting the potential roles of GOLM1-medi-
ated bile acids to control immune activities. In particular,
they emphasized that lithocholic acid (LCA) suppresses T-
cell function, whereas ursodeoxycholic acid (UDCA) coun-
teracts this effect.

In this Reply, we aim to further discuss the potential roles
of GOLM1 in alternative bile acid synthesis through CY-
P27A1 and CYP7BA1, its interaction with FXR, its impact on
gut microbiota and immune regulation, and the potential ther-
apeutic implications of targeting GOLM1 alongside FXR mod-
ulation.

Despite reduced cholesterol excretion into bile in GOLM1-
deficient mice, Li et al. demonstrated that hepatic and se-
rum total cholesterol (TC) levels, as well as VLDL (TG, TC)
levels, still remained unchanged. This observation sug-
gests that, in addition to the GOLM1-OPN-ABCG5 axis,
compensatory cholesterol efflux pathways may be activated.
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Accordingly, Li et al. proposed that GOLM1 may regulate
CYP27A1 and CYP7B1 expression via FXR signaling. How-
ever, whether this regulation is direct or occurs through a
feedback mechanism still remains to be determined.

FXR, a nuclear receptor known to regulate bile acid ho-
meostasis, controls the transcription of multiple target
genes, including CYP7A1, which it represses.5 However, Li
et al. reported no significant change in CYP7A1 expression
in GOLM1-deficient mice, suggesting that GOLM1 may not
directly regulate CYP7A1 via FXR, or that compensatory
mechanisms may be involved. Additionally, Li et al. sug-
gested that FXR may regulate CYP27A1 and CYP7B1 ex-
pression, but whether this occurs through direct transcrip-
tional control or through indirect bile acid-mediated signaling
remains unverified.

Another compensatory mechanism that warrants consid-
eration is the activation of Transintestinal Cholesterol Efflux
(TICE). TICE is an alternative cholesterol excretion path-
way that operates independently of bile acid-mediated ex-
cretion, directly exporting cholesterol from the intestines
via ABCG5/ABCGS. It has been reported that when hepatic
cholesterol efflux through VLDL secretion is reduced, TICE
can be activated as a compensatory pathway.® Given that
Li et al. observed no significant alterations in hepatic and
serum total cholesterol levels in GOLM1-deficient mice, the
potential activation of TICE cannot be excluded.

To verify this hypothesis, further studies are required to
assess changes in the expression of TICE-related genes
(NPC1L1, ABCG5/ABCGS) in the intestinal tissues of GOLM1-
deficient mice and to evaluate the role of bile acid metabo-
lism in this process.

Additionally, GOLM1 deficiency may lead to the redistri-
bution of cholesterol to other metabolic tissues. One possi-
ble consequence is its impact on steroid hormone biosyn-
thesis in the adrenal glands and gonads (ovaries/testes).
Cholesterol serves as a precursor for key steroid hormones,
including cortisol, aldosterone, testosterone, and estrogen,7
and GOLM1 deficiency may influence these biosynthetic path-
ways.

Thus, experimental validation is needed to determine
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whether GOLM1 deficiency results in increased steroid
hormone synthesis or alters cholesterol homeostasis in the
adrenal glands and gonads. To address this, future studies
should focus on analyzing circulating steroid hormone lev-
els and assessing cholesterol accumulation in these tis-
sues in GOLM1-deficient mice.

Moreover, GOLM1 is likely to function as a key metabolic
regulator beyond cholesterol homeostasis, influencing vari-
ous metabolic pathways. In particular, the interplay be-
tween bile acid metabolism and gut microbiota suggests
that GOLM1-mediated metabolic regulation may have broader
implications for immune responses.

Both our editorial and Li et al.’s Correspondence discussed
the potential role of GOLM1 in immune modulation via al-
terations in bile acid synthesis and composition. Further-
more, Li et al. emphasized that FXR agonists could control
immune responses not only by alleviating metabolic syn-
drome but also through the modulation of gut microbiota.
Bile acids play crucial roles in regulating the growth of gut
microbiota, particularly through the conversion of primary
bile acids into secondary bile acids by gut microbiota, a
process essential for maintaining the intestinal environ-
ment.® Recent studies have suggested that gut microbiota-
mediated bile acid metabolism can modulate immune cell
function. For example, Ma et al. demonstrated that second-
ary bile acids produced by gut microbiota regulate hepatic
NKT cell accumulation, thereby suppressing hepatocar-
cinogenesis.®

These findings indicate that alterations in bile acid me-
tabolism modulate not only digestive processes but also im-
mune cell activation. Furthermore, it has been reported that
changes in bile acid flow can change gut microbiota com-
position and immune responses. A previous study showed
that disruptions in bile acid flow lead to alterations in gut
microbiota, triggering immune responses and promoting
inflammation associated with liver injury.”

Collectively, these findings suggest that changes in bile
acid composition play a crucial role beyond digestion, par-
ticularly in immune regulation within the gut-liver axis. Giv-
en that Li et al. proposed a potential link between GOLM{1
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and inflammation as well as bile acid metabolism, it is nec-
essary to consider the impact of GOLM1 on gut microbiota
and immune responses through its regulation of bile acid
synthesis and composition. To address this, further studies
are required to analyze gut microbiota composition and im-
mune cell activation in GOLM1-deficient mice.

Lastly, both our editorial and Li et al.’s Correspondence
discussed the potential synergistic effects of GOLM1 inhi-
bition and FXR agonists in regulating cholesterol and bile
acid metabolism as a therapeutic strategy. We believe that
this approach may serve as a promising strategy for treat-
ing gallstone formation and metabolic liver diseases. FXR
agonists reduce bile acid synthesis by inhibiting CYP7A1,
while GOLM1 modulates cholesterol excretion via ABCG5/
ABCGS8. Thus, a combination therapy involving GOLM1 in-
hibition and FXR activation could exert synergistic effects
on cholesterol excretion and bile acid homeostasis.

Additionally, considering recent reports that Resmetirom
may promote gallstone formation, further investigation into
the role of GOLM1 in cholesterol and bile acid metabolism
is warranted. Resmetirom, a THR-f agonist, has been ap-
proved for noncirrhotic NASH (fibrosis stages F2—F3); how-
ever, it has been reported to increase the risk of gallstone
formation."

Given the impact of cholesterol excretion and bile acid
synthesis regulation on gallstone formation, a more precise
characterization of GOLM1’s function is essential. Building
upon the findings of this study, future research should ex-
plore the potential of targeting GOLM1 as a novel thera-
peutic strategy to prevent gallstone formation in patients
with MASH (Metabolic dysfunction-Associated SteatoHep-
atitis).

The study by Li et al. provides critical insights into the
role of GOLMT1 in cholesterol metabolism and bile acid reg-
ulation in cholesterol gallstone (CGS) formation. Expanding
on these findings, we have examined the potential role of
GOLMT1 in regulating alternative bile acid synthesis path-
ways via CYP27A1 and CYP7BI1, as well as its involvement
in gut microbiota—immune interactions.

Current research suggests that GOLM1 deficiency may
alter bile acid composition, impacting gut microbiota and
immune responses, which could play a significant role in
metabolic interactions and immune regulation within the gut-
liver axis. Moving forward, further studies are needed to
elucidate the effects of GOLM1 on gut microbiota and im-
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mune cell activity, ultimately paving the way for novel thera-
peutic approaches to prevent MASH and gallstone forma-
tion.
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