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Our previous work indicated that a single-nucleotide polymor-
phism of the FAM171A2 gene is associated with increased risk for
Parkinson’s disease, Alzheimer’s disease, and frontotemporal
dementia [1]. Mechanistically, FAM171A2 in neurons promotes
the uptake and propagation of pathological a-synuclein [2], sug-
gesting that reducing FAM171A2 may offer therapeutic benefits
for Parkinson’s disease. However, homozygous whole-body knock-
out of Fam171a2 in mice is lethal, indicating essential physiological
functions of this gene that remain poorly understood. Besides neu-
rons, FAM171A2 is also highly expressed in vascular endothelial
cells [1], but its role in this cell type has not been investigated.

We first examined the localization of FAM171A2 in cultured
endothelial cells and found that FAM171A2 proteins were localized
to vesicular structures (Fig. S1a-e online). Immunostaining with
markers of various types of vesicles demonstrated that FAM171A2
was present on endosomes (RAB5, RAB7), autophagosomes (LC3,
p62), and lysosomes (LAMP1). Among these compartments,
FAM171A2 exhibited the highest degree of colocalization with
early endosomes (Fig. S1f online). To investigate its functional role,
we generated a FAM171A2 overexpression virus (Fig. S2 online) and
a strain of endothelial-specific Fam171a2 conditional knockout
(CKO) mice by crossing Fam171a2-floxed mice with Tie2-CreERT
mice (Fig. S3a online). All animal experiments were approved by
the Animal Care and Use Committee at Fudan University (Approval
number: 202109004S, 2023-HSYY-451]JZS). Tamoxifen induction
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led to efficient and specific loss of FAM171A2 in the vasculature,
confirmed by immunofluorescence (Fig. S3b online) and by mRNA
and protein analysis from isolated cerebral endothelial cells
(Fig. S3c-e online).

Having established these tools for FAM171A2 modulation, we
then examined the effect of FAM171A2 overexpression on lyso-
somes in cultured primary endothelial cells using the fluorescent
dye LysoTracker-568. We found that elevated FAM171A2 caused
lysosomal enlargement without changing their numbers (Fig. 1a).
Consistently, flow cytometry showed increased lysosomal fluores-
cence intensity, suggesting enhanced acidity (Fig. 1b). To assess
autophagosome-lysosome fusion, we infected endothelial cells
with a lentiviral LC3-GFP-RFP reporter to label autophagosomes,
in which GFP is quenched upon fusion with lysosomes while RFP
remains stable. Fam171a2 knockout markedly reduced the red-
to-green fluorescence ratio and decreased autolysosome (RFP*
only) puncta, indicating impaired fusion (Fig. 1c, d). Conversely,
FAM171A2 overexpression increased both the red-to-green fluo-
rescence ratio and the number of autolysosome puncta (Fig. 1c,
d). These data indicate that FAM171A2 is likely involved in the pro-
cess of autophagosome-lysosome fusion.

To further test the role of FAM171A2 in regulating
autophagosome-lysosome fusion, we examined levels of p62 and
LC3, two canonical autophagosome markers. p62 binds to ubiquiti-
nated proteins destined for degradation and is incorporated into
autophagosomes and lysosomes. Immunoblotting analysis showed
that Fam171a2 knockout led to p62 accumulation and a mild
reduction in LC3-II/LC3-I ratio (Fig. 1e, f), whereas FAM171A2 over-
expression reduced p62 levels (Fig. 1g, h). In the presence of
chloroquine (CQ, which blocks autophagic degradation),
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Fig. 1. FAM171A2 promotes autophagy flux in endothelial cells. (a) Confocal images of LysoTracker-568 in cultured endothelial cells with or without FAM171A2 OE. Right,
quantifications of lysosome size and density. n = 3 experiments. (b) Flow cytometry of LysoTracker-568 intensity. n = 4 experiments. (c) Confocal images of LC3-GFP/RFP in
endothelial cells from WT and Fam171a2 CKO mice, and from cells with control or FAM171A2 OE transfection. (d) Quantification of GFP/RFP ratio and autophagosomes (GFP*/
RFP*) and autolysosomes (RFP* only) numbers per cell from (c). n = 5 experiments. (e) Western blots of p62, LC3, and GAPDH in cerebral vascular endothelial cells from WT
and Fam171a2 CKO mice. (f) Quantification of p62 expression (left), LC3-II/LC3-I ratio (middle), and LC3-II expression (right) from (e). n = 6 experiments per group. (g)
Western blots of p62, LC3, and GAPDH in endothelial cells with or without FAM171A2 OE and CQ treatment. (h) Quantification of p62 expression (left), LC3-1[/LC3-I ratio
(middle), and LC3-II expression (right) from (g). n = 6 experiments per group. WT and pcDNA&CQ- groups normalized to 1. (i) Western blots and quantification of ATG13 and
GAPDH in brain tissue from WT and Fam171a2 CKO mice. n = 3 mice. (j) Western blots and quantification of ATG13 and GAPDH in bEnd.3 cells with or without FAM171A2 OE.
(k) Representative transmission electron microscopy images of WT, FAM171A2-OE bEnd.3 cells after 4 h EBSS starvation. Black arrows, autophagosomes; white arrows,
autolysosomes. Quantification for the numbers of autophagosomes and autolysosomes (WT: n = 100 cell sections; OE: n = 96 cell sections) is shown as mean + SEM. Scale
bars: 2 pm. (1) Schematic of FAM171A2 promoting autophagosome-lysosome fusion in endothelial cells (Created with BioRender.com). (m) Western blots of STX17, VAMP8
and RABS5 on vesicles from cerebral vascular endothelial cells of WT and Fam171a2 CKO mice. (n) Quantification of STX17 and VAMPS on vesicles; RAB5 as loading control.
n = 6 experiments per group. WT normalized to 1. (0) Western blots of STX17, p62, Tubulin, and GAPDH in primary endothelial cells from WT and Fam171a2 CKO mice with or
without STX17 OE. (p) Quantification of STX17 and p62. n = 6 experiments per group. WT normalized to 1. Data are mean + SEM. P values (shown in the figure) were
calculated by unpaired t-tests or two-way ANOVA followed by Bonferroni’s multiple comparison test. WT, wild type; CKO, conditional knockout; pcDNA, plasmid control
DNA; OE, overexpression; GFP, green fluorescence protein; RFP, red fluorescence protein; CQ, chloroquine; Ctrl, control.
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Fig. 2. FAM171A2 deficiency in endothelial cells causes blood-brain barrier leakage. (a) Trans-endothelial electrical resistance (TEER) in cultured endothelial cells from WT,
Fam171a2 CKO mice, and cells with FAM171A2 OE. n = 5 experiments. (b) Western blots of tight junction protein ZO-1 and GAPDH in primary endothelial cells from WT and
Fam171a2 CKO mice. Right, quantification of ZO-1 expression. n = 4 experiments per group. WT normalized to 1. (c) Western blots of ZO-1 and GAPDH in brain tissue from WT
and Fam171a2 CKO mice. Right, quantification of ZO-1 expression. n = 6 mice per group. WT normalized to 1. (d) Schematic of in vivo two-photon imaging setup and
representative time-lapse images of intravascular dye fluorescence in cerebral vasculature over 30 min. (e) Schematic of quantification strategy for vascular morphology. (f)
Quantification of vascular parameters: vessels area percentage, total number of branches, and average vessel length. (g) Quantification of endothelial cells per vessel length
(mm) in cortices of WT and CKO mice. (h) Quantification of intravascular changes of fluorescent intensity (Aintensity) over 30 min and at endpoint. (i) Quantification of
extravascular changes of fluorescent intensity (Aintensity) over 30 min and at endpoint. (j) In vivo two-photon images of cortical vasculature, astrocytes (red) and pericytes
(green) in WT and CKO mice. (k) Quantification of pericyte and astrocyte densities from in vivo imaging. n = 9 fields of view from 3 mice for each group. (1) GFAP expression
(left) and quantification (right) in cortex in WT and CKO mice. n = 3 or 4 mice per group. Data are mean + SEM. P values (shown in the figure) were calculated by unpaired t-
tests or two-way ANOVA followed by Bonferroni’s multiple comparison test. WT, wild type; CKO, conditional knockout; OE, overexpression.
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FAM171A2 overexpression increased both the LC3-II/LC3-I ratio
and p62 level (Fig. 1g, h), indicating enhanced autophagosome for-
mation. Consistently, the expression of ATG13, an early autophago-
some protein, was also reduced in the brain tissue of Fam171a2
CKO mice and increased in bEnd.3 cells upon FAM171A2 overex-
pression (Fig. 11, j). To directly visualize autophagosome formation,
we performed transmission electron microscopy (TEM) on bEnd.3
cells treated with CQ. TEM confirmed that FAM171A2 overexpres-
sion increased the number of double-membrane autophagosomes
(Fig. 1k). Taken together, these data indicate that FAM171A2 pro-
motes autophagic flux, including autophagosome formation,
autophagosome-lysosome fusion, and lysosomal function (Fig. 11).

We further investigated the mechanism underlying FAM171A2-
mediated autophagosome-lysosome fusion. We purified intracellu-
lar vesicles from primary endothelial cells using density gradient
centrifugation. Fam171a2 knockout did not significantly affect vac-
uolar protein sorting components (VPS34) or autophagy-related
proteins (ATG5, ATG16, ATG12) on vesicles (Fig. S4a-c online),
which are critical for the initiation and formation of endosomes
and primary autophagosomes [3]. On the other hand, levels of Syn-
taxin 17 (STX17) and vesicle-associated membrane protein 8
(VAMPS8), two SNARE proteins essential for autophagosome-
lysosome fusion [4], were markedly reduced in the vesicular frac-
tions from Fam171a2 knockout endothelial cells (Fig. 1m, n). Over-
expression of STX17 in Fam171a2 knockout cells partially reduced
p62 accumulation (Fig. 1o, p), indicating that impaired fusion can
be rescued by restoring STX17. These results suggest that the
impaired autophagosome-lysosome fusion caused by FAM171A2
insufficiency is at least partly attributable to reduced vesicular
recruitment of STX17.

Previous studies have shown that autophagy is essential for the
survival of endothelial cells and that disruption of autophagy can
induce endothelial apoptosis [5]. We therefore assessed apoptosis
in endothelial cells of Fam171a2 CKO mice. TUNEL staining revealed
a significant increase in apoptotic endothelial cells in the brains of
CKO mice compared to wild-type littermates (Fig. S5a, b online).
Primary endothelial cells from Fam171a2 CKO mice also exhibited
a higher proportion of TUNEL-positive cells and increased levels
of cleaved caspase-3 (Fig. S5c-f online). These results suggest that
loss of FAM171A2 promotes endothelial cell apoptosis, potentially
compromising vascular integrity. Given that STX17 overexpression
partially restored autophagic flux in Fam171a2-deficient cells, we
next examined whether it could also reduce the apoptosis
described above. Indeed, overexpression of STX17 in Fam171a2-
deficient primary endothelial cells partially reduced caspase-3
cleavage (Fig. S5g, h online). Thus, FAM171A2 deficiency triggers
endothelial apoptosis via blocking autophagic flux.

We next investigated whether this endothelial cell loss affects
vascular function in vivo, focusing on the blood-brain barrier
(BBB). In cultured endothelial cells, Fam171a2 knockdown reduced
trans-endothelial electrical resistance while overexpression had
opposite effects (Fig. 2a). Fam171a2 insufficiency decreased
expression of ZO-1, a crucial protein for tight junctions, in cultured
endothelial cells and the mouse brain (Fig. 2b, c). To visualize BBB
integrity, we performed two-photon imaging through a cranial
window after retro-orbital injection of fluorescent dextran
(Fig. 2d). As tamoxifen was given in adulthood, developmental
angiogenesis was unlikely affected. Indeed, vascular length and
branching patterns were unchanged in CKO mice, though endothe-
lial cell density was slightly reduced (Fig. 2e-g). These data indi-
cate that Fam171a2 insufficiency does not induce overwhelming
structural degeneration in the brain vasculature. We then per-
formed time-lapse imaging in these mice. We found that within
30 min after dye injection, control mice exhibited a slow (approx-
imately 20%) decline in intravascular fluorescence due to periph-
eral clearance. In contrast, littermate CKO mice showed rapid
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loss of intravascular signal and a gradual increase of fluorescence
in the perivascular cerebral parenchyma, indicating dye leakage
(Fig. 2h, i). This phenotype was independently confirmed using
thioflavin S as the intravascular label (Fig. S6a online). Further-
more, we examined the changes in vasculature-associated peri-
cytes and astrocytes by specific labeling via NeuroTrace [6] and
sulforhodamine 101, respectively. There was no overt pericyte loss
or morphological change in astrocyte, but mild astrogliosis was
observed (Fig. 2j, k). Immunostaining of GFAP confirmed wide-
spread astrocyte activation (Fig. 21). Fibrinogen extravasation and
microglial activation were also elevated in Fam171a2 CKO brains
(Fig. S6b, c online).

Our findings reveal a physiological role of FAM171A2 in brain
endothelial cells: it promotes autophagic flux, including
autophagosome formation, autophagosome-lysosome fusion, and
lysosomal function. Loss of FAM171A2 in endothelial cells disrupts
autophagy, causes apoptosis, and compromises BBB integrity.
While our previous studies suggested that FAM171A2 suppression
might be a therapeutic approach for neurodegenerative diseases
[1], the present study argues against non-selective suppression,
consistent with the embryonic lethality of whole-body Fam171a2
knockout [1]. Future studies should explore cell-type-specific or
site-specific modulation of FAM171A2 as viable strategies for
treatment.

As shown in our data, autophagy could be necessary for cell sur-
vival, as accumulation of misfolded proteins and dysfunctional
organelles could generate toxicity [7]. Autophagy may also recycle
small-molecule nutrients, thereby helping maintain metabolic
homeostasis and energy supply [8]. In addition, degradation of
pathological protein aggregates, such as B-amyloid, a-synuclein,
and TDP-43, may require autophagosome and lysosome functions
[9]. Therefore, nonspecific suppression of FAM171A2 in many cases
could disrupt essential cell functions.

BBB breakdown can be observed at the preclinical stage of Alz-
heimer’s disease, even before the deposition of p-amyloid. Post-
mortem studies show perivascular leakage of fibrin, albumin,
immunoglobulin, and thrombin, all of which are blood-derived
proteins, in the cortex and hippocampus of Alzheimer’s disease
patients [10]. All these phenomena indicate the close relationship
between BBB dysfunction and neurodegenerative diseases. It is
worth noting that various receptors exist on endothelial cells that
act as transporters for crossing the BBB, including LDL receptor-
related protein-1 (LRP1) and the receptor for advanced glycation
end products (RAGE) for B-amyloid [11]. Considering our previous
report that FAM171A2 can directly bind to a-synuclein and initiate
its endocytosis [2], it could be possible that FAM171A2 on
endothelial cells facilitates the entry of a-synuclein into, or its exit
from, the brain. The complex features of FAM171A2’s involvement
in physiological and pathological processes warrant further studies
to clarify.
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