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The urinary tract is vulnerable to frequent challenges
from environmental microflora. Uropathogenic Escheri-
chia coli (UPEC) makes a major contribution to urinary
tract infection (UTI). Previous studies have characterized
positive roles of non-histone nuclear protein HMGN2 in
lung epithelial innate immune response. In the study
presented here, we found HMGN2 expression was up-
regulated in UPEC J96-infected urothelium. Surprisingly,
over-expression of HMGN2 promoted disruption of BECs
5637 cells’ intercellular junctions by down-regulating
tight junction (TJs) components’ expression and physi-
cal structure under J96 infection. Further investigation
showed that BECs 5637 monolayer, in which HMGN2 was
over-expressed, had significantly increased permeability
to J96. Our study systemically explored the regulatory
roles of HMGN2 in BECs barrier function during UPEC
infection and suggested different modulations of intra-
cellular and paracellular routes through which UPEC in-
vades the bladder epithelium.
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INTRODUCTION

The urinary tract is subject to frequent challenges
from the gut microflora and up to 60% of women will
experience at least one time UTI during their lifetime
(Hooton ef al., 2004). UPEC makes a major contribution
to UTT and they typically initiate these cases by invading
the superficial epithelium that lines the bladder lumen
(Foxman, 1990). The formation of a selectively perme-
able epithelial barrier is essential in preventing the un-
controlled passage of pathogens from the external envi-
ronment to the internal tissue. Essential components of
this epithelial barrier are physical intercellular structures
termed tight junctions which are made by members of
the Claudin family members, such as Occludin, the junc-
tion-adhesion molecules (JAMs) and other modulators

(Guttman & Finlay, 2009). Besides these components,
urothelia also participate in maintaining the intrinsic bar-
rier function through lipopolysaccharide (LPS)-mediated
TLR4 signaling (Schilling e a/., 2003). As a result, a va-
riety of secreted proteins involved in inflammatory re-
sponses, including 1L-8, 1L-6 (Billips ¢z af, 2007), GM-
CSF (Li et al, 2017) and antibacterial mucosal proteins,
such as the Surfactant Protein A (Hashimoto e al.,
2017), are expressed. Therefore, like in the case of epi-
thelium lining other parts of the body, invading patho-
gens can cross the urothelial barrier through intracellular
tight and adherent junctions (paracellular route) or pass
the apical surface of epithelial cells (transcellular route)
(Balkovetz & Katz, 2003).

High mobility group nucleosome-binding proteins
(HMGNS) are small non-histone nuclear proteins associ-
ated with chromatin to modulate various nuclear func-
tions (Hock ez al, 2007). HMGN?2 is one of the major
members of HMGNs that is ubiquitously present in
almost all embryonic and adult tissues of higher ver-
tebrates. Previous study has shown the antimicrobial
polypeptides (AMPs) function of HMGN2 is directed
against fungi, bacteria and viruses (Ming ez al, 2007).
Recent studies have demonstrated critical roles of en-
dogenous HMGN?2 in alveolar epithelial cell innate im-
mune responses against multiple bacterial pathogens
and toxins (Deng ez al, 2011; Liu et al, 2017; Teng et
al., 2016; Wang ez al., 20106). Specifically, HMGN2 has
been reported to activate NF-xB signaling and promote
LPS-induced B-defensin expression in A549 cells (Deng
et al., 2011). Additionally, HMGN?2 is found to be in-
volved in the regulation of Pseudomonas aeruginosa (PA)
toxin Pyocyanin (PCN)-induced epithelial cell oxidative
stress by promoting intracellular ROS clearance and at-
tenuating PA invasion (Liu e a/, 2017). However, how
HMGN?2 influences physical intercellular structure and
innate immune function in the context of epithelium
barrier has not been clarified yet. In the study presented
here, we found HMGN2 expression was up-regulated in
the UPEC ]96-infected urothelium. Re-analysis of the
transcription profile of LPS/si-HMGN2 double-treated
lung A549 cells revealed opposing effects on AMP gene
expression and TJs function, which were in line with the
transcription alternation in J96-infected BECs 5637. Sur-
prisingly, over-expression of HMGN2 promoted disrup-
tion of BECs 5637 intercellular junction by down-regu-
lating the TJs protein expression and physical structure



94 H. Tian and others

2018

under J96 infection. Further investigation showed that
in BECs 5637 monolayer, where HMGN2 was over-ex-
pressed, there was a significantly increased permeability
to invading bacteria. Our study systemically explored the
regulatory roles of HMGN2 in BECs barrier function
during UPEC infection and suggested diversified modu-
lations on intracellular and paracellular routes through
which UPEC invades the bladder epithelium.

MATERIALS AND METHODS

Materials. The following antibodies were used: rabbit
polyclonal HMGN2 antibody (Cell Signalling Technol-
ogy), mouse monoclonal GAPDH antibody (Beyotime
Biotechnology), Rabbit monoclonal Occludin antibody
(invitrogen, Thermofisher scientific), ZO-1 (invitrogen,
Thermofisher scientific), E-cadherin (Cell Signalling
Technology). The plasmids used in this study came from
our Lab collection. The siRNAs were purchased from
RiboBio Co., Ltd.

Cell line and cell culture. Human bladder epithelial
5637 cells were obtained from the Cell Bank of Chinese
Academy of Sciences. These cells were cultured in RPMI
Medium 1640 supplemented with 10% fetal bovine se-
rum (FBS) at 37°C in a humidified incubator containing
5% CO,.

Stable cell line construction. 5637 cells were seeded
in 12-well plates at a density of 2X10° cells per well.
Following overnight incubation in the RPMI Medium
1640 containing 10% FBS, at 37% and 5% CO,, the
pEx-HMGN2 and pEx-NC plasmids were transfected
into 5637 cells using Lipofectamine 2000 (Invitrogen,
Thermofisher scientific) according to the manufacturer’s
instructions. Resistant colonies were selected by G418 at
400 pg/mL based on the killing curve patterns for 5637
cells. Single clones were picked and tested for HMGN2
expression by RT-PCR and western blot.

Animal infection model establishment. Adult fe-
male C57 mice (8 to 10 weeks of age) were anesthe-
tized by intraperitoneal injection of 2% chloral hydrate
(15 pl/g body weight and inoculated » transurethral
catheterization with 108 colony-Forming Units (CFU)) of
viable J96 in 100 pl of PBS for 24 h. The study was
approved by the medical management division of West
China College of Preclinical Sciences and Forensic Medi-
cine, Sichuan University, Chengdu, China.

Immunofluorescence staining. BECs 5637 stably
expressing GFP-vector pEx-NC) and GFP-HMGN2
(pPEX-HMGN2) were seeded on a coverslip and fixed in
4% PFA for 30 mins and then permeabilized (0.1% Tri-
tonX-100) for 30 mins at room temperature. After be-
ing blocked in the blocking buffer (5% BSA) for 1h, the
cells were incubated overnight with primary antibodies ,
followed by 2 h incubation with fluorescently-conjugated
secondary antibodies at 37°C. The stained cells were vis-
ualized by FV1000 confocal microscope (Olympus).

siRNA transfection. BECs5637 cells were plated in
6-well plates (Costar) at a density of 5X10° cells per well.
Cells were grown to 70% confluence and transfected by
si-HMGN2 and si-NC using Lipfectamine 2000 (Invitro-
gen, Thermofisher scientific), according to the manufac-
turer’s instructions. Human HMGN2-specific small RNA
(siRNA-HMGN?2, sense: 5-AGU CAG CGG CUU-3’,
antisense: 5-UCA CAA GCC GAC CCU-3’) and nega-
tive control siRNA (siRNA-NC) were synthesized by Ri-
boBio Co.Ltd. The medium was replaced 6 h after trans-
fection and the cells were cultured for 24 h before the
efficiency of HMGN2 knockdown was determined.

RNA isolation, RT-PCR and real time PCR. To-
tal RNA was isolated from BECs 5637 cells using Tri-
zol (Invitrogen, Thermofisher scientific) following the
manufacturet’s instructions. cDNA was synthesized us-
ing All-in-One cDNA Synthesis SuperMix (Bimake).
The harvested cDNA was analyzed by SYBR Green
PCR kit according to the manufacturers’ protocols. 5
ul. cDNA was amplified in a 25 pl. reaction mix con-
taining 22.5 pl. SYBR Green supermix (Bio-Rad) and
1 uL each primer. The amplification conditions were
as follows: initial denaturation at 95°C for 15 min, 35
cycles of denaturation at 95°C for 15 s, annealing at
corresponding temperature for 15 s and elongation
at 72°C for 30 s. The experiment was repeated three
times under each experimental condition and the com-
parative threshold cycle method was employed with
human GAPDH as the internal control. Analysis of
relative gene expression data was done by using real-
time quantitative PCR and the 242 method. Primers
for individual mRNAs were synthesized by TsingKe
Biological Technology: HMGN2 sense, CCATTGAA-
GAAGGGAGTTTGA; antisense, ATCAGAGGCAG-
CATTCCAAG. HBD1-sense,  ATGAGAACTTC-
CTACCTTCTGCT; antisense, TCTGTAACAGGTGC-
CTTGAATTT. HBD2-sense, CTCCTCTTCTCGTTC-
CTCTTCA; antisense, GCAGGTAACAGGATCGC-
CTAT. HBD3-sense, TCCAGGTCATGGAGGAAT-
CAT; antisense, CGAGCACTTGCCGATCTGT.
Psoriasin-sense, ACGTGATGACAAGATTGACAAGC;
antisense, GCGAGGTAATTTGTGCCCTTT. RNAse
7-sense, CGTGTCCCTGACCATGTGTAA; antisense,
GACTTGTTCTGTCGCTTCTCTT. Cathelicidin-sense,
AGGTCCTCAGCTACAAGGAAG; antisense, TCTT-
GAAGTCACAATCCTCTGGT. E-cadherin-sense, AC-
CTCTGTGATGGAGGTC; antisense, CCACATTCGT-
CACTGCTACG. Occludin-sense, TGCATGTTCGAC-
CAATGC; antisense, AAGCCACTTCCTCCATAAGG.
20-1-sense, ACCATCATTGTCGTCGCATGTAGA-
TCC; antisense, GATGCTCTAGGTGCCTGTTCG-
TAACG. CLDNI1-sense, GCGCGATATTTCTTCTT-
GCAGG; antisense, TTCGTACCTGGCATTGACTGG.
GAPDH-sense, TGCACCACCAACTGCTTAGC; antise
nse, GGCATGGACTGTGGTCATGAG.

cDNA microarray and data analysis. Microarray as-
say was done as described previously (Deng 7 al., 2011).
Briefly, A549 cells were placed into six-well plates at a
density of 2x10° cells per well. The cells were divided
into four groups in triplicate: WT group (untreated A549),
HMGN2K (A549 cells transfected with HMGN2-specific
siRNA2), WT+LPS group (A549 cells treated with 100
pg- mlt LPS) and HMGN2M+LPS group (A549 cells
transfected with HMGN2-specific siRNA2 for 48 h and
then treated with 100 pg- mI-' LPS for 24 h). The mi-
croarray was performed at Shanghai Biochip according to
instructions from SBC GeneChips (shbiochip, Shanghai).
Total RNA was isolated from A549 cells using Trizol
(Invitrogen) following the manufacturer’s instructions.
About 10-20 pg of RNA were converted to cDNA us-
ing an oligo (dT) T7 primer, and the double-stranded
cDNA was labelled with Cy3 (as the reference sample)
and Cy5 (as the treatment sample), respectively. The
samples were hybridized competitively under coverslips
to the microarray slides at 50°C for 16 h in a dark hu-
midity chamber and washed as follows: 2 X NaCl/Cit for
5 min, 0.5 X NaCl/Cit for 5 min, and 30% ethanol/water
for 30 s at 42°C. Hybridization expetriments were pet-
formed in duplicate using cDNA derived from the four
different groups. Three biological replicates (independ-
ent RNA isolations), each with a technical replicate (dye
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Figure 1. HMGN2 facilitates AMPs gene expression in UPEC-infected BECs 5637.

(A) Elevated HMGN2 expression in UPEC J96-infected mice bladder epithelia. Mice bladders were administrated with UPEC J96 (108 CFU)
by transurethral catheterization. Then the immuno-fluorescence assay was applied using anti-HMGN2 antibody (a-HMGN2, red) and DAPI
(blue). Confocal microscopy images were acquired. Bars: 50 um. (B) Western blotting showing the knockdown efficiency of siRNA oligo
targeting HMIGN2 under UPEC J96 (MOI=100:1) infection. (C-H) mRNA levels of AMPs genes affected by HMGN2 knockdown in J96-in-
fected 5637 cells. (Results presented relative to GAPDH and expressed as the mean +S.D. (n=3)).

swap), were performed for each condition. Genes with a
Cy5/Cy3 signal ratio =2.0 were considered upregulated,
whereas those with a ratio <0.5 were down-regulated.
Western blot. Whole cell lysate was extracted from
BECs 5637 cells using Protein Extraction Reagent (Be-
yotime Biotechnology) following the manufacturer’s in-
structions. The protein concentration of the extract was
determined with the BCA protein assay (Pierce). The
proteins wete separated with SDS/PAGE and trans-
ferred to polyvinylidene difluotide membranes. The
membranes were incubated with HMGNZ2, ZO-1, E-
cadherin, Occludin and GAPDH antibodies followed by
incubation with the horseradish peroxidase conjugated

anti-goat IgG serum. Finally, the membranes were devel-
oped using the ECL Plus reagent (Pierce).

Paracellular flux assays. Flux of fluorescein isothi-
ocyanate-labeled dextran (molecular weight, 3kD; Sig-
ma-Aldrich) across BECs 5637 monolayer was assayed.
Briefly, monolayers were washed free of media and
transferred to phosphate buffer saline. The apical cham-
ber was gently aspirated and replaced with 50 pl. of 1
mg/ml of fluotescein isothiocyanate-dextran (1 mg/ml).
The monolayers were rotated on an orbital shaker (60
rpm) at 37°C, and samples (50 pL) were removed from
the basal chamber after 60 minutes. Fluorescence of
these samples was determined using a fluorescent plate
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Table 1. Microarray profile of A549 cells treated with LPS and/or si-HMGN2 siRNA oligo
(Genes discussed in the main text are highlighted, # represents TJs-associated genes, *represents AMPs-associated genes).

Log 2 Ratio
WT+LPS HMGN2¥+LPS HMGN2X?
GenBank Entrez Gene Name Entrez Gene Description
/WT / WT+LPS /WT
NM_004942.2 DEFB4 * HBD-2 5.2761953 -3.227745 -3.446539
NM_018661.2 DEFB103A * HBD-3 4.169443 -2.6733924 -3.193863
NM_000584.2 IL-8 interleukin 8 3.915317 -1.070854 -1.969843
NM_182848.2 CLDNI10 # claudin 10 3.27054019 1.1713224 4.42582719
NM_021101.3 CLDN1 # claudin 1 0.887185 1.168331 1.508518
NM_002538.2 OCLN # occludin 0.4902146 0.3122318 2.9555476
BG696638 DEFB1 * HBD-1 0.4305803 -1.2047543 -0.08439
cathelicidin
NM_004345.3 CAMP * 0.066878 -0.2231013 -0.522334
antimicrobial peptide
ribonuclease, RNase A
AKO023343 RNASE7 * -0.0120735 -2.1366295 -0.740169
family, 7
high-mobility group
BQ051103 HMGN2 nucleosomal binding -0.2945625 -7.896049 -8.5550325
domain 2
S100 calcium binding
BG680212 S100A7 * -0.33581 -0.395155 -0.8731623
protein A7 (psoriasin )
NM_001307.3 CLDN7 # claudin 7 -0.338948 0.827961 0.353449
NM_003257.2 TJIP1 # zona occludens 1 -0.6272255 0.304018 -0.664593

reader (Thermofisher scientific). Molar flux was calculat-
ed from a standard curve that was prepared daily.

Flat colony counting method. BECs 5637 cells were
exposed to UPEC J96 until the monolayer was formed,
then cells were infected with UPEC J96 (MOI=10, 50,
100) for 2 hours. 100 pL sample from the lower cham-
ber was taken and plated onto LB agar plates. Colonies
were counted to quantify the number of bacteria that
crossed the monolayer.

Statistical analysis. Data were expressed as mean
values * standard deviation (S.D.). All data analysis was
tested by one-way analysis of variance for multiple com-
parisons with the LSD-test (homogeneity of variance)
and Tamhane’s T2-test (heterogeneity of variance).

RESULTS

HMGN2 alters transcription profile of innate immune
response genes in LPS-stimulated lung epithelial cells

Recently, we found that the expression of HMGN2
was clevated in K. preumoniae infected A549 and HBE 16
cells (Teng e al., 2016). To investigate whether HMGN2
is associated with UPEC infection in BECs, an acute
bacterial cystitis in mice model was established by tran-
surethral infection of UPEC J96 strain. Immunofluores-
cence staining showed that the expression of HMGN2
was obviously increased in BECs from J96-infected mice
(Fig. 1A) Our previous study displayed a genome-wide
gene expression profile in LPS-treated and/or HMGN2

down-regulated A549 cells and found several genes in-
volved in innate immune response were substantially af-
fected (Deng ef al., 2011). Most of these genes are in-
volved in NF-xB pathway-mediated cytokines and AMPs
such as human defensin 3-2 (HBD-2) and human defen-
sin 3-103A (HBD-3). Re-analysis of this profile revealed
that besides HBD-2 and HBD-3, mRNA levels of other
major AMP genes encoding HBD-1, Cathelicidin, Psoria-
sin and RNAse7 were also inhibited by HMGN2 knock-
down in LPS-treated A549 cells (Table 1, HMGN2k
+LPS/WT+LPS, marked by asterisks). Surprisingly, con-
trary to expression changes of AMP genes and other
innate immunity-associated genes including II.-8, IL.-10,
as well as Mucin family members, the microarray data
showed opposing effects of HMGN2 knockdown on
the expression of genes encoding major TJs proteins.
As the results show, mRNA levels of Claudin 1, Claudin
10, Claudin 7 and Occludin were promoted by HMGN2
knockdown in both, LPS-treated and untreated cells,
while zona occludens 1(ZO-1) and E-cadherin moder-
ately increased in LPS-treated/HMGN2 knockdown cells
(Table 1, HMGN2 +LPS/WT+LPS and HMGN2k
+LPS/WT, marked by pound). To this end, it suggests
that there would be different regulation of HMGN2 in
the bladder epithelial barrier function.

HMGN2 knockdown decreases mRNA levels of AMP
genes in J96-infected BECs 5637

To further investigate how HMGN2 regulates blad-
der epithelial function during UPEC infection, we
firstly conducted RT-qPCR assay to check mRNA lev-
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Figure 2. HMGN2 down-regulates barrier function and inhibits TJs-associated gene expression in J96-infected BECs 5637 monolayer.
(A) BECs 5637 confluent monolayer stably over-expressing HMGN2 was exposed to increasing doses of UPEC J96 (MOI=0, 10, 50, 100) or
heat inactivated UPEC J96 (HI J96 MOI=100:1) for 2 hours or to TGF-f (2 ng/ml) for 24 hours respectively. The relative Dextran permeabil-
ity was calculated by dividing fluorescence density of HMIGN2 overexpression group (pEx-HMGNZ2) by control group (pEx-NC). (B) West-
ern blotting showing the over-expression of GFP- HMGN2 (a-HMGN2, marked by single asterisk; double asterisk indicates endogenous
HMGN?2). (C-E) BECs 5637 transfected with si-HMGN2 or pEX-HMGN2 followed by 2-hour UPEC J96(MOI=100:1) infection. siRNA-NC or
PEX-NC was used as control. (C-D) mRNA levels and (E) protein levels of TJs-associated genes after treatments (Results presented relative

to GAPDH and expressed as the mean +S.D. (n=3)).

els of AMP genes in J96-infected BECs 5637 with or
without down-regulated HMGN2 expression. Synthet-
ic siRNA oligo targeting 3’UTR of HMGN2 substan-
tially reduced HMGN2 protein level in BECs 5637
(Fig. 1B). Consistently, we observed dramatic decrease
in AMP gene expression in HMGN2 knockdown cells
when compared to PBS-treated counterparts (Fig. 1
C-H). Among these genes, most significant drop of
expression (90%) was shown for HBD-3, while the
mildest inhibition (about 30%) for genes encoding
Psoriasin and Cathelicidin. In addition, the inhibition
on HBD-1, HBD2 and RNAse 7 expression was up
to around 50%. Therefore, HMGN2 confers similar
impacts on AMP genes in BECs 5637 as that found
in the A549 cells.

HMGN2 down-regulates barrier function and inhibits
TJs-associated gene expression in J96-infected BECs
5637 monolayer

Our data imply different HMGN?2 regulation of the
AMP and TJ genes, which are involved in the host de-
fense against transcellular and paracellular invasion of
pathogens, respectively (Balkovetz & Katz, 2003). We

therefore conducted transwell assay to measure para-
cellular permeability of BECs 5637 to FITC-labelled
Dextran, trying to dissect the impact of HMGNZ2 on
each individual pathway. As shown by our data, incu-
bating confluent BECs 5637 monolayer with different
MOI of J96 for 2 hours elevated the relative perme-
ability to Dextran between the HMGN2 overexpres-
sion group and the vehicle group (Fig. 2A). Such effect
in the J96-infection group was comparable to that of
TGF-B treated one, where the epithelium barrier func-
tion has been shown to be obviously disrupted (Over-
gaard ef al., 2015). Of note, incubation with heat-inac-
tivated J96 (HI J96) also caused a dramatic increase in
Dextran permeability in the HMGN2 over-expressed
BECs 5637 monolayer, suggesting the dysfunction of
confluent monolayer was not due to colonization by
bacteria. Thus, although HMGN2 has dual functions
in facilitating AMPs expression and potential inhibition
of TJs, it is more likely that during bacterial infection,
the paracellular path would be a more vulnerable tar-
get attacked by invading bacterial pathogen through the
HMGN2-mediated TJs dysfunction.

To prove our hypothesis, we further investigated the
major TJs” expression in J96-infected BECs 5637 cells
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Figure 3. HMING2 promotes J96 infection-induced TJs disruption
in BECs 5637 cells.

Transmission electron microscope (TEM) image of BECs 5637 con-
fluent monolayer infected with UPEC J96 (MOI=100:1) for 2 hours.
TJs are indicated by black arrows and details are shown in en-
larged images (right upper corner).

where HMGN2 was transiently repressed (si-HMGNZ2)
or stably over-expressed (pEx-HMGNZ2). As shown in
Fig. 2B, GFP-tagged HMGN2 (marked by a single as-
terisk) was steadily expressed along with endogenous
HMGN2 (marked by a double asterisk), indicating
the success of HMGN2 overexpression. In HMGN2
knockdown cells, increased ZO-1 and Occludin mRNA
levels and relatively intact Claudin-1 mRNA level were
seen (Fig. 2C), while reduced mRNA levels of ZO-
1, Occludin and E-cadherin were shown in HMGN2
over-expressed cells (Fig. 2D). Moreover, Western blot-
ting confirmed findings of the RT-qPCR experiments
by indicating a significant decrease of ZO-1, Occludin
and E-cadherin protein levels in BECs 5637 under J96
infection (Fig. 2E).

HMNG2 promotes J96 infection-induced TJs’ disruption
in BECs 5637 cells

To investigate the morphological alternation of BECs
5637 TJs, the ultrastructure of paracellular regions
of ]96-infected cells, with or without over-expressed
HMGN?2, were analyzed by transmission electron mi-
crocopy (TEM). The confluent monolayer of BECs
5637 transfected with either empty vector (pEx-NC) or
HMGN2 over-expression (pEx-HMGNZ2) vector were
infected with 100:1 MOI of J96 for 2 hours. Compared
with empty vector group, HMGN2 over-expressed group

presented reduced electron-dense material between cells
and enlarged intracellular space (Fig. 3 right, indicated
by an arrow indicated and detailed in enlarged image).
These results demonstrate that HMGN2 promotes dis-
ruption of TJs’ ultra structure during J96-infection.

HMGN2 overexpression enhanced the disruption of
BECs 5637 monolayer TJs during J96 infection

Epithelium barrier function is composed of combi-
natorial effects of intrinsic structural integrity which is
maintained by cell-cell connecting molecules and ex-
trinsic mucosal immunity system, including secretion of
mucins, complements and AMPs (Pitman & Blumberg,
2000). The result of Dextran permeability assay (Fig. 2A)
and TEM (Fig. 3) analysis indicated that HMGN2 facili-
tates the dysfunction of paracellular defense by directly
compromising TJs” ultrastructure, while it also elevates
intracellular innate immune response, including NF-xB
signaling (Deng ¢ al., 2011) and AMPs gene expression
(Fig. 1). We therefore sought to systematically study the
impact of HMGN2 on BECs barrier function during bac-
terial infection. Confluent monolayer of 5637 cells stably
transfected with empty vector (pEx-NC) or HMGN2
over-expression (pEx-HMGN2) vector were exposed to
increasing MOI of J96 for 2 hours in the upper chamber
of transwell apparatus and the lower chamber fluid was
then collected and spread on plates. The colonies were
counted to measure the bacterial permeability of infect-
ed monolayer. Our results showed that when compared
with the empty vector group, in HMGN2 over-expressed
monolayer significantly increased bacterial invasion rates
were observed (Fig. 4). Thus, despite opposing HMGN2
regulation of AMPs and TJs expression in BECs 5637,
the overall effect during bacterial infection on cell mon-
olayer barrier would be to promote UPEC invasion by
disrupting intracellular T7s.

DISCUSSION

HMGN2 has been demonstrated to play mul-
tiple roles in lung epithelium innate immune re-
sponse against various bacterial pathogens. Our pre-
vious study showed the intrinsic inhibitory effect of
HMGN?2 on actin skeleton dynamics regulation, which
could be activated to serve as part of innate defense
mechanism against K. puenmoniae invasion (Teng et
al., 2016). Moreover, HMGN2 has been reported to
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Figure 4. HMGN2 overexpression enhanced the disruption of BECs 5637 monolayer TJ during J96 infection.

BECs5637 stably expressing GFP-HMGN2 or vehicle control were exposed to increasing doses of UPEC J96 (MOI=10, 50, 100) for 2 hours
in the apical chamber of transwell apparatus. 100 pl of the medium from lower chamber were taken for Flat colony counting. Results
presenting relative colony number between HMGN2 overexpression (pEx-HMGN2) and vehicle control (pEx-NC) (A) and representative

plates are shown (B) (Results expressed as the mean +S.D. (n = 3)).
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Figure 5. A schematic diagram depicting dual functions of HMGN2 on the transcellular and paracellular route of UPEC invasion in

Urothelium.

LPS and other bacterial toxins activate HMGN2 expression, which in turn elevates expression of general innate immune response genes,
such as IL-8, IL-10, and AMPs gene. Meanwhile increased HMGN2 represses expression of TJs proteins such as ZO-1, Occludin, E-Cadherin
and Claudin-1 to disrupt paracellular TJs’ ultrastructure and permeability. Thus, invading bacteria may pass through paracellular routes

by up-regulating host HMGN2 expression in urothelium.

activate NF-xB signaling and promote LPS-induced
B-defensin expression (Deng ¢ al, 2011) and to at-
tenuate PA invasion by inhibiting cellular oxidative
stress in A549 cells (Liu et al, 2017). In the study
presented here, we found a similar HMGN2 regula-
tion of different epithelium cells, including promotion
of AMPs, IL-10 and IL-8 gene expression (Fig. 1 and
Table 1). However, all of the above studies were per-
formed to present a situation where an individual cell
but not the whole lining epithelial barrier was chal-
lenged. Therefore, a study focusing on the barrier
function of the epithelial surface was needed. Unex-
pectedly, our results showed the HMGN2 expression
was elevated in ]J96-infected bladder epithelium, while
over-expressed HMGN2 could down-regulate major
TJs proteins, ZO-1, E-cadherin and Occludin expres-
sion at the mRNA and protein levels (Fig. 2). In line
with this finding, overexpression of HMGN2 caused
disruption of ultrastructure of intracellular barrier
(Fig. 4). Moreover, increased BECs 5637 monolayer
permeability to Dextran under J96 infection (Fig. 2A)
was shown, supporting the notion that disruption of
paracelluar physical barrier contributes to impaired
monolayer integrity, as non-microbial reagent Dextran
was less likely to pass through apical sides of epithe-
lium in a relative short time frame (2 hours). Lastly,
we checked the overall effect of HMGN2 on BECs
monolayer barrier function against J96, and our result
showed that HMGNZ2 facilitates J96 invasion. Despite
positive effects of HMGN2 on intracellular innate im-
mune response, we propose that the increased J96 in-
vasion rate resulted from disrupted paracellular physi-
cal barrier (Fig. 5).

Previously, there was no systemic study investigat-
ing effects of HMGN2 in the context of the epithelium
barrier. HMGN2 regulates innate immune response to

dampen bacterial pathogen invasion by regulating either
actin polymerization or ROS clearance which function
in the transcellular route (Liu ef a/, 2017). In the study
presented here, HMGN2 was shown to give a dual
regulation in both, the intracellular innate immune re-
sponse (such as AMPs expression), and the paracellular
physical barrier maintenance responding to the intrud-
ing bacteria (Fig. 5). It is legitimate to postulate that
a pathogenic toxin, such as LPS, activates HMGN2
through TLR4 and NF-xB signaling (Wu e al., 2017).
Possible mechanisms by which HMGN2 in turn regu-
lates other innate immune response genes, including
TJs, would be: 1) a direct regulation of HMGN2 of
TJs gene transcriptions. As a non-histone nuclear pro-
tein, HMGN2 interacts with nucleosome and other
chromatin-associated proteins (Hock ez al, 2007) and
mainly enriches at promoter regions characterized by
hypersensitivity to DNase 1 (Deng e al., 2015). It has
been demonstrated that HMGN2 participates in gene
transcription regulation by altering chromatin organi-
zation. For instance, HMGN2 accompanied HMGNI1
to modulate chromatin environment in order to regu-
late gene expression during activation of naive B cells
(Zhang et al., 2016). 2) In bacterial infected-lung epithe-
lial cells HMGNZ2 regulates pro-inflammatory cytokines,
which have been shown to affect barrier function. For
instance, TGF- mediates alcohol-induced decreases in
lung epithelial bartier function while Granulocyte/mac-
rophage colony-stimulating factor (GM-CSF) antagoniz-
es TGF-B to promote the barrier function (Overgaard
et al., 2015). Additionally, Interferon-y and TNF-a have
been shown to synergistically induce epithelial barrier
dysfunction in intestinal duct (Wang ez al, 2005). In
summary, our data systemically investigated the overall
effect of HMGN2 on bladder epithelial batrier function
regulation and implies a potential cross-talk between
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transcellular and paracellular barrier defense against
bacterial invasion.
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