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This study aimed to examine the effect of 1a,25-dihydroxyvitamin Ds [1,25
(OH)2Ds] on the intracellular persistence of uropathogenic Escherichia coli.
After establishing a cell infection model and conducting drug intervention,
methods such as fluorescent probes, Western blot, and qPCR were used. The
results showed that 1,25(OH).D; (10 nM) reduced the number of persistent E.
coli (at 12 and 24 hours) (P<0.05), enhanced the acidification of intracellular
lysosomes (p<0.05), and up-regulated the expression levels of transcription
factor binding to IGHM enhancer 3, ATPase H* transporting VO subunit C,
and ATPase H* transporting VO subunit D2 (P<0.05). Therefore, 1,25(0OH),Ds
may reduce bacterial persistence by enhancing lysosomal acidification and
influencing the expression of these factors. These findings provide ideas for
the potential application of 1,25(OH):D3 in reducing the recurrence rate of
infectious diseases.

Introduction

Urinary tract infections rank among the most wide-
spread infectious diseases globally, with a yearly
impact of more than 150 million individuals. Of this
patient group, roughly one-quarter contend with recur-
ring infections, and there are cases where some people
must endure more than six episodes each year (Timm et
al., 2025). The pathogen behind urinary tract infection,
urinary tract pathogenic Escherichia coli takes the lead
the causative agent in over 80% of the cases (Kitagawa
et al, 2018). It can persist in the lysosomes within
bladder epithelial cells for several months, leading to
the recurrence of the infection (Wang et al., 2019).

The acidic environment within lysosomes is crucial for
eliminating bacteria. (Hu et al.,, 2023). When bacteria
invade bladder epithelial cells, they can trigger auto-
phagy, which results in their encapsulation by auto-
phagosomes and subsequent delivery to lysosomes

(Miao et al., 2015). E. coli can secrete hemolysin A, a
substance that interferes with the function of V-ATPase,
leading to compromised lysosomal acidification (Nas-
kar et al., 2023). While lysosomes with impaired acidifi-
cation can get rid of some bacteria through exocytosis,
the surviving bacteria take advantage of these malfunc-
tioning lysosomes as shelters, allowing them to persist
inside the cells (Wang et al., 2019). Research has shown
that correcting lysosomal acidification can considerably
decrease the intracellular persistence of E. coli (Naskar
et al., 2023). 1,25(OH)2Ds can enhance lysosomal acidifi-
cation, and studies have shown that it plays an
important role in regulating the inflammatory response
(Jin et al., 2018).

To explore whether enhancing lysosomal acidification
can reduce bacterial persistence, experiments were con-
ducted using 1,25(0OH):Ds;, and the possible mecha-
nisms by which it affects lysosomal acidification to
eliminate bacteria were also investigated.

This work is licensed under a Creative Commons Attribution 4.0 License. You are free to copy, distribute and perform the work. You must attribute
v the work in the manner specified by the author or licensor.
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Materials and Methods

Bacterial strains and growth conditions

The E. coli strain UTI89 was kindly provided by the
Central Laboratory of Nanjing University of Chinese
Medicine. Take out the cryopreserved UTI89 strain
from the -80°C refrigerator and quickly place it in a
water bath at 37°C. Gently shake it to enable rapid
thawing. After thawing, a sterile pipette was used to
aspirate the bacterial solution and inoculate it into the
LB broth medium. Then, place it on a constant tempera-
ture shaker at 37°C and incubate it with shaking at a
speed of 8.9 x g for 18 hours to promote the resuscita-
tion and growth of the bacterial strain.

Grouping and bacterial infection of HIB-9 cells

Human transitional bladder epithelial cells (HTB-9,
5x10° cells) (China, iCell-h232) were placed in RPMI
1640 medium (Gibco, C11875500BT) containing 10%
fetal bovine serum (Bdbio, F801-050Hi) and cultured in
an incubator at 37°C with 5%CO,. Subsequently, the
cells were seeded into 24-well plates and randomly
divided into three groups: the control group, the E. coli
group, and the E. coli + 1,25(OH).Ds group. For the E.
coli + 1,25(0OH)2Ds group, 1,25(0OH):D; (10 nM, MCE,
HY-131450) was added to the medium according to a
research method (Chan et al., 2022). An equal volume of
phosphate-buffered saline was added to the medium of
the control group and the E. coli group. After 12 hours,
following the procedure described by Yin et al. (Yin et
al., 2023), the media of the E. coli group and the E. coli +
1,25(OH)>Ds group were replaced with media contain-
ing E. coli (with a ratio of bacteria to cells of 100:1).

Intracellular bacterial counting

The cells were cultured in a complete medium with
bacteria for 1 hour, washed thrice using PBS, and then
incubated in a complete medium containing 100 pg/mL
gentamicin (Aladdin, G647699) for 1 hour to remove
extracellular bacteria. After that, the cells were washed

thrice with PBS and cultured in a medium with 100 mM
methyl-D-mannoside (Aladdin, M425107) and 10ng/
mL gentamicin for 24 hours. At 2, 12, and 24 hours after
infection, Lysed the cells with 0.1% triton X-100. The
cell lysate was diluted with PBS and then spread on
Luria-Bertani agar plates. Incubated the plates in an
incubator at 37°C for 12 hours. Taken photos of the
plates using a digital camera and analyzed the captured
images with Image] software to count the number of
bacteria (Li et al., 2024).

Western blot

Washed the HTB-9 cells with pre-cooled PBS. Added
RIPA lysis buffer containing protease inhibitors, and
lysed the cells on ice for 5 min. Then the cell lysate was
transferred to a centrifuge tube, placed on ice for 30
min, and shaken 3 times. Centrifuged at 14,000 rpm for
15 min at 4°C and collected the supernatant to obtain
the protein extraction solution. Next, the protein
concentration was determined by the BCA method
(Mackman et al., 2023). Then, SDS-PAGE electro-
phoresis was performed. Subsequently, the proteins in
the gel were transferred onto a PVDF membrane.
Blocked the membrane with 5%BSA at room tempera-
ture for 1 hour and then incubated it with the primary
antibodies successively (overnight at 4°C) and the
secondary antibody (for 1 hour at room temperature).
Finally, the membrane was washed, added the ECL
luminescent solution, used an imaging system to obtain
images and being analyzed the gray values of the
bands, to achieve the detection and analysis of the
proteins (Wang et al., 2024). The primary antibodies
used were lysosome-associated membrane protein 1
(Proteintech, 21997-1-AP, 1:1000), microphthalmia-
associated transcription factor (Biodragon, BD-PT2769,
1:1000), transcription factor EB (Biodragon, BD-PT4613,
1:1000), transcription factor E3 (Biodragon, BD-PT4612,
1:1000), and GAPDH (Biodragon, B1034, 1:5000).

Box 1: Lysotracker red staining

Principle

After entering the cell, lysotracker red is captured and
retained by the acidic environment within the lysosome,
making the lysosome exhibit red fluorescence under a
fluorescence microscope.

Requirements

Fetal bovine serum 10%(Bdbio, F801-050Hi); HTB-9 cells;
Image] software; Incubator (Thermo Scientific Forma 310,
USA); Laser confocal microscope (Simple Smart SS-MCS,
China); Lysotracker red DND-99 (Yeasen, 40739ES50);
Phosphate buffer solution; RPMI 1640 (Gibco, C11875500BT);

Procedure

Step 1: Prepare the lysotracker red DND-99 working solution
by mixing 1 pL of lysotracker red DND-99 and 20 mL of

complete culture medium

Step 2: The working solution is pre-warmed in a 37C
incubator for 1 hour

Step 3: Remove the culture medium and wash three times with
phosphate buffer solution

Step 4: Add 0.5 mL of the pre-warmed working solution and
then incubate at 37°C in a 5%CO; incubator for 1 hour

Step 5: Remove the working solution and add 0.5 mL of fresh
culture medium

Step 6: Observe and take image of cells using a laser confocal
microscope. The red fluorescence intensity was quantified
using Image] software.

Reference

Chan et al., 2022; Yin et al., 2024
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Immunofluorescence detection

After being washed thrice with PBS, HTB-9 cells were
fixed with 4%paraformaldehyde for 20 min. Then, the
cells were permeabilized with 0.25% triton X-100 for 10
min thoroughly washed with PBS, and subsequently
blocked with 5%BSA at 37°C for 30 min. Following the

blocking step, the cells were incubated overnight at 4°C
with primary antibodies against lysosome-associated
membrane protein 1 (Proteintech, 21997-1-AP, 1:400)
and transcription factor E3 (Biodragon, BD-PT4612,
1:150). Washed the cells and incubated with the secon-
dary antibody (Cy3-conjugated goat anti-mouse IgG
(H+L), Servicebio, GB21301, 1:500) for 1 hour, followed
by treatment with DAPI at 37°C for 10 min. Fluores-
cence images were captured using a fluorescence
microscope. The fluorescence intensity was analyzed
using Image] software (Zhang et al., 2024).

RT-gPCR

The MolPure cell/tissue total RNA kit (Yeasen,
19221ES50) was used to extract total RNA from cell
samples, ensuring the purity and integrity of the RNA.
The extracted RNA was reverse transcribed into cDNA
using HS RT SuperMix (Medicalbio, MR0110) to
provide a template for the subsequent PCR reaction.
The SYBR qPCR Master Mix was prepared according to
the instructions. The prepared reaction system was
transferred to a PCR reaction plate and placed in a
quantitative real-time PCR machine, and an appropriate
reaction program was set. After the reaction was
completed, GAPDH was used as an internal reference,
and the 2-AACt method was employed to analyze the
data and calculate the relative expression level of the
target gene (Srivastava et al., 2023). Primer sequences
were as follows:

Transcription factor E3-F: CTCATTATCGTCGGAGCC-
ATTG; Transcription factor E3-R: AGTGTGGTCTGGT-
ATTCCTCATA; ATPase H*Transporting VO subunit C-
F: GGCATGATCCTGATTCTCATCT; ATPase H*Trans-

porting VO subunit C-R: CTACTTTGTGGAGAGGA-
TGAGG; ATPase H*Transporting VO subunit D2-F:
GGCTAGAGTGCAATGGCGTGATC; ATPase
H*Transporting VO subunit D2-R: CGGGAGGCTGA-
GGCAGAGAG; GAPDH-F: TGTGGGCATCAATGGA-
TTTGG; GAPDH-R: ACACCATGTATTCCGGGTC-
AAT.

Statistical analysis

The data obtained from the experiment were presented
in the format of mean + SEM. Statistical analysis was
done using GraphPad Prism 8 (GraphPad Software,
USA). A t-test was used to evaluate whether the differ-
ences between the data of the two groups were
statistically significant. If the p-value was less than 0.05,
the difference was determined to be statistically
significant.

Results
E. coli persistence in HTB-9 cells

The results of the cell lysate plating assay indicated that
at 2, 12, and 24 hours after bacterial infection, the
numbers of intracellular bacteria in the E. coli group
were 4250.0 £ 528.2, 1566.7 + 338.6, and 1571.7 + 199.5
respectively. In contrast, the numbers of intracellular
bacteria in the E. coli + 1,25(0OH)2Ds group were 4383.3 +
470.8, 538.3 £ 101.9, and 285.0 + 63.5 respectively. There
was no significant difference in the number of
intracellular bacteria between the two groups at 2 hours
after infection (p>0.05; Figure 1A). However, at 12 and
24 hours after infection, the number of persistent
intracellular bacteria in the E. coli + 1,25(OH).Ds group
decreased significantly (p<0.05; Figures 1B, C).

1,25(0OH):D; enhances lysosomal acidification in E. coli
-infected HTB-9 cells

Western blot analysis showed no significant difference
in the expression level of lysosome-associated mem-
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Figure 1: Effect of 1,25(OH).Ds (1,25-VD3, 10 nM) on the intracellular persistent bacterial count of HTB-9 cells infected with E. coli.
The number of intracellular bacteria in the E. coli group and E. coli + 1,25(OH);D3 group 2 hours after infection (A). The number
of intracellular bacteria between the E. coli group and E. coli + 1,25(OH),Ds group 12 hours after infection (B). The number of intra-
cellular bacteria between the E. coli group and E. coli + 1,25(OH):D3 group 24 hours after infection (C). Compared to the E. coli

group, 2p<0.05; ns = not significant
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brane protein 1 between the control group and the E.
coli group (p>0.05). In contrast, the protein level of
lysosome-associated membrane protein 1 in the E. coli +
1,25(OH)>Ds group was significantly higher than that in
the E. coli group (p<0.05; Figures 2A, B). The results of
the immunofluorescence staining were consistent with
those of the western blot analysis (Figure 2C, D). The
results of lysotracker red staining showed that the red
fluorescence intensities of the three groups were 1.0 £
0.13, 0.4 £ 0.1, and 3.5 + 0.4 respectively. The fluores-
cence intensity of the E. coli + 1,25(0OH).Ds group was

11

significantly higher than the E. coli group (p<0.05;
Figures 2E, F).

Transcription factor E3 expression in E. coli-infected
HTB-9 cells

Western blot analysis showed no significant difference
in the expression levels of microphthalmia-associated
transcription factor among the 3 groups (p>0.05).
Compared with the control group, the protein levels of
transcription factor EB and transcription factor E3 in the
E. coli group were lower significantly (p<0.05).
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Figure 2: The effect of 1,25(OH).Ds (1,25-VD3, 10 nM) on the lysosomal acidification of HTB-9 cells infected with Escherichia coli.
The expression results of lysosome-associated membrane protein 1 (LAMP1) were detected by Western blot method (A, B). The
fluorescence intensity of lysosome-associated membrane protein 1 was detected by immunofluorescence assay (C, E). The results
of the fluorescence intensity detected by lysotracker red staining (D, F). Compared to the control group, 2p<0.05; Compared to the

E. coli group, ’p<0.05; ns = not significant
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The level of transcription factor E3 in the E. coli + 1,25  (OH)2D; group was higher than that in the E. coli group
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Figure 3: Impact of 1,25(0OH)>Ds (1,25-VD3, 10 nM) on the MITF/TFE family and V-ATPase subunits in HTB - 9 cells infected
with E. coli. The expression of microphthalmia-associated transcription factor (MITF), transcription factor EB (TFEB), and tran-
scription factor E3 (TFE3) were detected by western blot (A-D). The mRNA levels of transcription factor E3, ATPase H* trans-
porting VO Subunit C (ATP6V0C), and ATPase H* transporting VO Subunit D2 (ATP6V0D2) were detected by RT-qPCR(F-H).
The fluorescence intensity of transcription factor E3 was measured using immunofluorescence assay (E, I). Compared to the
control group, ap<0.05. Compared to the E. coli group, bp<0.05; ns = not significant



Bangladesh ] Pharmacol 2025; 20: 8-15 13

(p<0.05; Figures 3A-D). The fluorescence intensity of
transcription factor E3 in the E. coli group was
significantly weaker than the control group (p<0.05),
while the fluorescence signal of transcription factor E3
in the E. coli plus 1,25(0OH)2D; was significantly more
effective than the E. coli group (p<0.05; Figures 3E, F).
Reverse RT-qPCR analysis compared the control group
and the E. coli + 1,25(0OH)2D3 group. The mRNA levels
of transcription factor E3, ATPase H+ transporting VO
subunit C, and ATPase H+ transporting V0 subunit D2
in the E. coli group were significantly lower (p<0.05;
Figures 3G, I).

Discussion

This study shows that 1,25(OH).D; reduces the persis-
tence of intracellular E. coli. It enhances the lysosomal
acidification and up-regulates both protein and mRNA
levels of transcription factor E3, and V-ATPase
subunits. These data suggest that 1,25(OH).D; alleviates
E. coli UTI8Y persistence by restoring lysosomal
acidification through transcription factor E3-mediated
transcriptional activation of V-ATPase components.

Bacterial infections pose a significant threat to global
health, exacerbated by antibiotic resistance and the
persistent nature of certain bacteria (Wang et al., 2023).
Persistent bacterial reservoirs are a key factor in the
recurrence of chronic infections such as urinary tract
infections, tuberculosis, and chlamydiosis, highlighting
the need for innovative strategies to combat microbial
dormancy (Niu et al., 2024). Uropathogenic E. coli, a
major cause of urinary tract infections, serves as a
prime example of persistence. Biopsies from patients
with recurrent urinary tract infections have shown E.
coli reservoirs within bladder epithelial cells (Naskar et
al, 2023). These intracellular pathogens exploit
lysosomal dormancy, where acidic pH-dependent
hydrolases are inactivated. E. coli is one of several
pathogens that disrupt lysosomal acidification: B-
coronaviruses induce lysosomal deacidification in HeLa
cells, inactivating degradation enzymes (Ghosh et al.,
2020). Clostridioides difficile triggers abnormal lysosomal
activation and inflammation in macrophages (Chan et
al., 2022). Mycobacterium tuberculosis evades macro-
phage clearance by disrupting lysosomal acidification
(Malik et al., 2025). This highlights the critical role of
lysosomal pH homeostasis in host-pathogen interac-
tions. Given the widespread reliance of pathogens on
lysosomal deacidification, compounds that restore lyso-
somal acidification show promise as anti-persistence
agents. By reinstating the acidic environment necessary
for enzymatic pathogen degradation, these interven-
tions could effectively address recurrent infections.

As a key member of the microphthalmia-associated
transcription factor (MITF)/transcription factor E
family, transcription factor E3 governs a variety of

cellular processes, such as lysosomal biogenesis,
autophagy modulation, metabolic homeostasis, and
antimicrobial responses (Pastore et al., 2017). New
findings emphasize its vital role in fighting intracellular
pathogens. For instance, TRIM27-induced activation of
transcription factor E3 boosts autophagic flux, which
helps eliminate Mycobacterium tuberculosis in host cells.
Also, a deficiency in transcription factor E3 impairs
macrophage-mediated killing of Aspergillus fumigatus
conidia (Aufiero et al.,, 2023). Moreover, transcription
factor E3 controls antimicrobial and antiviral responses
triggered by interferon-y, lipopolysaccharide, and
adenosine receptor pathways (El-Houjeiri et al., 2019).
This study, however, sets itself apart from prior ones by
involving different cell lines and pathogens.

The V-ATPase, a multisubunit proton pump vital for
lysosomal acidification, is often targeted by pathogens
to evade host defenses. For example, Salmonella hijacks
the ATPase H+ - transporting VO subunit C to suppress
xenophagy in HeLa cells, ensuring its intracellular
survival (Xu et al,, 2019). Clostridioides difficile down-
regulates the expression of V0 subunit C, V1 subunit H,
and VO subunit E1 in macrophages, exacerbating infla-
mmatory cascades (Chan et al., 2022). E. coli secretes
hemolysin A to disrupt V-ATPase activity in bladder
epithelial cells, impairing lysosomal acidification and
enabling bacterial persistence (Naskar et al., 2023).
However, it remains unclear whether E. coli affects
transcription factor E3 and whether it can influence the
levels of V-ATPase subunits.

Studies have shown that 1,25(0OH):;Ds can not only
promote calcium absorption and regulate the immune
system but also possess the ability to combat micro-
organisms. (Fernandes et al., 2022; Kim et al., 2024). The
function of 1,25(OH);Ds in combating pathogenic
microorganisms is closely related to lysosomal
acidification. Some studies have found that it can
activate the PDIA3 receptor in gastric epithelial cells,
thereby enhancing the degradation ability of lysosomes
and effectively eliminating Helicobacter pylori (Hu et al.,
2019). Clostridioides difficile can promote the inflamma-
tory response by disrupting lysosomal acidification,
and 1,25(0OH),D3 can restore the lysosomal acidification
within macrophages to improve this situation. (Chan et
al., 2022). However, different from the other studies,
this study focuses on the role of 1,25(0OH),D; in enhan-
cing the lysosomal acidification of HTB-9 cells and
inhibiting the persistence of E. coli.

However, this study has several limitations. Firstly, the
experiments were conducted using an HTB-9 cell
model, which cannot fully replicate the complex human
microenvironment. Secondly, although changes in
protein expression levels were observed, the underlying
molecular mechanisms remain incompletely under-
stood. Thirdly, the research focused exclusively on E.
coli, leaving the applicability of these findings to other
uropathogens unclear.
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Conclusion

1,25(0OH)2Ds significantly enhances lysosomal acidifica-
tion in HTB-9 cells infected with E. coli UTI89, thereby
reducing intracellular bacterial persistence. This effect is
likely mediated through the up-regulation of transcrip-
tion factor E3 and two critical V-ATPase subunits:
ATPase H* transporting VO subunit C and ATPase H*
transporting VO subunit D2-induced by 1,25(OH)2Ds,
which collectively restore lysosomal proton-pumping
capacity in infected cells.
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