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Abstract

The mortality rates among patients who initially survive sepsis are, in part, associated with

a high risk of secondary lung infections and respiratory failure. Given that phagolysosomes

are important for intracellular killing of pathogenic microbes, we investigated how severe lung
infections associated with post-sepsis immunosuppression affect phagolysosome biogenesis. In
mice with £ aeruginosa-induced pneumonia, we found a depletion of both phagosomes and
lysosomes, as evidenced by decreased amounts of microtubule associated protein light chain

3-11 (LC3-11) and lysosomal-associated membrane protein (LAMP1). We also found a loss

of transcription factor E3 (TFE3) and transcription factor EB (TFEB), which are important
activators for transcription of genes encoding autophagy and lysosomal proteins. These events
were associated with increased expression of ZKSCANS, a repressor for transcription of genes
encoding autophagy and lysosomal proteins. Zkscan3™~ mice had increased expression of genes
involved in the autophagy-lysosomal pathway along with enhanced killing of 2 aeruginosain the
lungs, as compared to wild-type mice. These findings highlight the involvement of ZKSCAN3 in
response to severe lung infection, including susceptibility to secondary bacterial infections due to
immunosuppression.
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Introduction

Despite advances in critical care, infections and trauma-related sepsis are leading causes

of in-hospital mortality 12, While supportive interventions such as antibiotics, oxygen,

and fluid resuscitation are frequently applied, effective therapeutics are not available for
more than 200,000 critically-ill patients. Previous clinical trials, including those targeting
coagulation and selected inflammatory mediators, appeared to have modest or no effect for
sepsis survival. It is important to note that mortality rates are even greater among patients
that initially survive sepsis but developed post-sepsis complications 3. In particular, onset

of immunosuppression is related to a high risk of pneumonia and respiratory dysfunction.
Therapeutic interventions for post-sepsis immunosuppression are not available for more than
two and half million sepsis survivors in the US 47, Understanding the mechanisms involved
in immune and lung tissue responses to sepsis and life-threatening secondary infections are
crucial for development of effective interventions for sepsis survivors.

The development of new therapeutic strategies are essential to prevent reoccurrence of
infection and organ injury by opportunistic pathogens during immunosuppression. Although
a significant body of research has been performed connecting sepsis, and inflammation

to redox biology, including the role of nitric oxide and hydrogen sulfide the integrated
regulation of these pathways remains poorly defined 819, We and others have proposed
that autophagy is an essential antioxidant pathway and since proteotoxicity and oxidative
stress are central features of sepsis, we and others have proposed that autophagy also plays a
critical role 11, In addition, given that intracellular killing of pathogenic microbes is largely
mediated by phagolysosomes, preventing phagolysosome inactivation may be an important
strategy to attenuate lung infections and immunosuppression 1215, Phagolysosomes are a
result of fusion between phagosomes and lysosomes that allows for effective degradation
of many regulatory and damaged proteins, as well as neutralization of dysfunctional
organelles, in processes such as mitochondrial quality control 16-18_ Importantly, this
degradative mechanism is also utilized for pathogen neutralization 1219, Phagolysosome
formation is a complex process that is initiated by LC3-1 lipidation into LC3-11 followed
by incorporation into the phagosomal membranes 16. In addition to post-translational
modifications, phagolysosomes are regulated at the transcriptional level 29-24, In particular,
TFEB is known to promote expression of many autophagy and lysosomal genes, including
LC3 and LAMP1 2025 This is possible because TFEB recognizes the Coordinated
Lysosomal Expression and Regulation (CLEAR) consensus sequence that is shared among
many genes that encode autophagy and lysosomal components 26, In contrast to TFEB,
transcriptional repression is mediated by zinc finger containing KRAB and SCAN domains
3 (ZKSCANR) protein 2728, ZKSCANS3 inhibits transcription of lysosomal genes and
thereby effectively diminishing lysosome biogenesis 2%-31. Recent studies indicate the
capacity of ZKSCANS3 to block expression of autophagy-lysosome mediators in cancer
cells 32-35, Although altered function of TFEB and also TFE3 have been demonstrated in
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inflammatory conditions 36, their role in regulating phagosome, and lysosome biogenesis
during severe infections remains to be determined. Given that the role of ZKSCAN3 in
bacterial infection has not been investigated, we hypothesized that ZKSCAN3 accumulation
versus its deficiency will affect the severe bacterial infections and post-sepsis complications
related to immunosuppression. Here we provide novel evidence of increased ZKSCAN3
levels in response to both bacterial infection and post-septic immunosuppression, and

that ZKSCANS3 deficient mice (Zkscan3™") have enhanced bacterial killing during 2
aeruginosa-induced pneumonia.

Materials and Methods

Mice.

Male C57BL/6 mice, 10-12 weeks old, were purchased from The Jackson Laboratory

(Bar Harbor, ME). Mice were kept on a 12-hour light/dark cycle with free access to food
and water. All experiments were conducted in accordance with approved protocols by

the University of Alabama at Birmingham, Institutional Animal Care and Use Committee
(IACUC). ZKSCANS3 knockout mice were generated by the Ingenious Targeting laboratory.
First, a 12.2 Kb region of the Zkscan3 gene (RP23-346F12 C57BL/6 BAC clone) was used
to construct the targeting vector. The short homology arm exten ds ~3.17 Kb 5’ to the Neo
cassette (PGK-gb2-Neo). The long homology arm ends 3’ to the single LoxP site and is

5.8 Kb long. The loxP/FRT flanked Neo cassette was inserted 156 bp upstream of exon

3. The single LoxP site is inserted 2.14 Kb downstream of exon 5. The target region is

3.25 Kb and includes exons 3-5. Targeted iTK HF4 (129/SvEv x C57BL/6 FLP) hybrid
embryonic stem cells were microinjected into C57BL/6 blastocysts. Germline Neo Deletion
and FLP absence was confirmed to generate Zkscan3”' mice. After breeding Zkscan3” with
B6N.FVB- Tmem16379(ACTB-cre)2MrijCiDswJ (B-actin-cre) (Jackson Laboratory), the exons
3-5 were deleted. Mice were bred to C57/BL6 background for >8 generations. Primers for
genotyping are: NDEL1: AGG CCA TGC CTT AAT GGG TGG, NDEL2: TGA TGT CAA
CAG CAC TGC CTT GG; and SC1: GGT TTG GTT TTG CCT GGT GCA AAT G.

Reagents and antibodies.

LPS derived from £. co/i0111:B4 (L2630) and RIPA buffer (R0278) were purchased

from Sigma (St. Louis, MO), Luria-Bertani broth (L8050) Luria-Bertani Agar+50ug/ml
Ampicillin (L1002) were from Teknova (Hollister, CA). PBS (10010-023) was obtained
from Thermo Fisher Scientific (Waltham, MA), whereas saline (MSDW-1000) was

from Growecells (Irvine, CA). Western blot analysis was conducted using specific

antibodies to LAMP1 (Ab25245; Abcam Cambridge, MA), TFEB (A303-673A,; Bethyl,
Montgomery, TX), and ZKSCAN3 (SC515285; Santa Cruz, Dallas TX). Antibodies to
TFE3 (HPA023881), LC3 (L8918) and p-actin (A5441) were from Sigma (St. Louis, MO).
Antibodies for immunohistochemistry are as the follows: Rubicon: Proteintech 21444-1-AP.

Mouse model of bacterial pneumonia.

P, aeruginosa strain K (PAK) was prepared in PBS (10° bacteria/ml), as described previously
37, Mice were anesthetized with isoflurane inhalation and suspended by their upper incisors
on a 60° incline board. The tongue was gently extended followed by oropharyngeal
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deposition and aspiration of PBS (50 pl, control) or PBS containing £ aeruginosa strain

K (PAK; 2.5 x 107/ml). The selected bacterial dose resulted in 100% mortality in 16 hours;
therefore, lung homogenates were prepared 4 hours after £ aeruginosa instillation and serial
dilutions used to determine colony-forming units (CFUs) on agar plates 38,

Mouse model of LPS-induced acute lung injury.

Our previous studies have shown that endotoxin (LPS) induced acute lung injury is
characterized by neutrophil lung infiltration, interstitial edema, and accumulation of pro-
inflammatory cytokines 3°. Similar to our previous studies, mice (control) were treated with
of saline (50 pl) or received saline and with LPS (2 mg/kg; i.t.). Mice were euthanized 24 h
after LPS administration and lung homogenates prepared for western blot analysis 3°.

Mouse model of sepsis-induced immunosuppression.

Cecal Ligation and Puncture (CLP) was performed as previously described 404, In brief,
the cecum was ligated 25% from the tip, which results in an approximately 25% of the
cecum ligated. A through-and-through puncture was performed with a 21-gauge needle
and then a drop of feces was extruded to the peritoneal cavity. Saline (0.9%; 500 pl) was
then applied into the peritoneal cavity and the abdominal wall incision was closed in two
layers. The control group of mice (sham) underwent surgery without CLP. Post-CLP mice
developed immunosuppression, including increase severity of lung infections confirmed by
intratracheal instillation of 2 aeruginosa, as previously described in our recent studies 1°.
Mice were euthanized 7 days after surgery and lung homogenates stored in liquid nitrogen
for further analyses.

Cytokine ELISA:

Bronchoalveolar lavage (BAL) fluids were obtained by cannulating the trachea with a blunt
20-gauge needle and then lavaging the lungs three times with 1 ml of cold PBS. The
amount of TNF-a and MIP-were determined using commercially available ELISA Kits
(R&D Systems) according to the manufacturer’s instructions.

Western blot analysis.

Cells or tissues were prepared in RIPA buffer supplemented with protease/phosphatase
inhibitor cocktail (Thermofisher cat #1861284). The DC Lowry (Bio-Rad) assay was used
to determine protein quantification and 10-20 ug protein per lane were loaded onto 10 or
12% PAGE SDS gels. After separation, proteins were transferred to PVDF or nitrocellulose
membrane to probe for antibodies indicated in Reagents and antibodies section. Each
experiment was carried out from lung homogenates obtained from indicated groups of mice
(n=3-5).

Quantitative real-time PCR analyses.

RNA was prepared from the lung tissue using Trizol followed by cDNA synthesis using
High-Capacity cDNA Reverse Transcription Kit (Thermal Fisher Scientific, (Waltham, MA).
Quantitative real-time PCR was performed with SYBR Green Mastermix (Thermal Fisher
Scientific, Waltham, MA) with the following conditions: 95°C; 5 min.; and then 40 cycles at
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95°C; 10 sec.; 60°C, 10 sec.; 72°C; 15 sec. Results were normalized to the levels of B-actin.
Forward (F) and reverse (R) primer sequences are depicted in Table 1:

H&E and Immunohistochemistry:

Mouse lungs were fixed by inflation and submersion for 24 hrs in 4% paraformaldehyde/ 1%
glutaraldehyde solution and embedded in paraffin. Sections (5 pm) were either stained with
H&E or deparaffinized in serial solutions of Citrisolv (Fisher Scientific), isopropyl alcohol
and water, followed by antigen retrieval by steaming in 10 mM citric acid (pH 6.0) for 20
minutes and then by a 20 minutes cooling period. After blocking endogenous peroxidase

by placing slides in 3% hydrogen peroxide for 10 minutes, sections were washed with PBS
buffer and blocked with 3% BSA for 60 min, and incubated with anti-Rubicon or anti-ATG5
antibody overnight at 4°C and then biotin-conjugated secondary antibody for 30 min. After
staining with DAB, nuclei were counterstained with Hematoxylin. Sections were dehydrated
and mounted with Permount. Images were taken using Keyence BZ-x810 microscope.

Statistical analysis.

Results

Statistical analysis was performed using three or more independent experiments. Multigroup
comparisons were obtained using one-way ANOVA with Tukey’s post hoc test. Values

were normally distributed. Statistical significance was determined by the Student’s #test for
comparisons between two groups. A value of p < 0.05 was considered significant. Analyses

were performed on GraphPad Prism 8.2.1. (GraphPad software, Inc, La Jolla, CA).

Severe infections led to depletion of phagolysosomes and lysosomes in lungs of mice.

We tested whether sterile inflammatory conditions or lethal bacterial infections affect
phagolysosomes and lysosomes in murine lungs. The LC3-11 level as well as the LC3-11/
LC3-I ratio were determined in control (unstimulated) or lungs from mice treated with LPS
(2 mg/kg; i.t.) for 24 hours or P, aeruginosa strain K (PAK, 2.5 x 10’/mouse; i.t.) for 4
hours. Western blot analysis indicated that the LC3-11 and the LC3-11/LC3-I ratio were
significantly decreased after exposure to PAK, while LPS had little or no effect (Fig. 1A
and B). Similarly, PAK but not LPS decreased the amounts of LAMPL that is an important
component of the lysosomal membrane (Fig. 1C and D). The decrease of both LC3-1l and
LAMP1 indicate that severe lung infections lead to phagolysosome and lysosome depletion,
while sterile inflammatory conditions induced by LPS had only a modest impact.

Increased ZKSCAN3 and decreased TFEB/TFE3 in lungs of mice with P. aeruginosa
-induced pneumonia.

Recent studies have shown that crosstalk between activators TFEB /TFE3 and inhibitor
ZKSCANS3 can affect phagolysosome and lysosome biogenesis in cancer cells 26:32.42,
We found that both TFEB and TFE3 are diminished in lungs of PAK-infected mice, as
compared to control group or mice subjected to LPS (i.t.) (Fig. 2A and B). Notably,

the suppression of TFEB and TFE3 levels was accompanied by a robust increase of

the transcriptional repressor ZKSCANS, as evidenced by western blot analysis of these
transcriptional regulators in lung homogenates (Fig. 2A-C). The amounts of TNF-a and
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MIP2 were significantly increased in the bronchoalveolar lavages (BALS) for either LPS or
PAK compared to control groups of mice. Notably, a robust ~3-fold higher accumulation of
these cytokines was observed after exposure to PAK for 4 hours, as compared to LPS-treated
mice for 24 hours (Fig. 2D and E). These results indicate that severe lung infections are
associated with accumulation of ZKSCANS3, while TFEB and TFE3 were decreased.

ZKSCANS3 deficiency improves bacterial killing in murine lungs.

To test if ZKSCANS deficiency affects bacterial killing, we generated Zkscan3”f mice
through homologous recombination, followed by generating ZKSCANS deficient mice

by Cre-Lox recombination through cross breeding Zkscan37 and B-actin-Cre (Fig. 3A).
Quantitative analysis of Zkscan3 mRNA (RT-PCR) confirmed the knockout, as compared
to wild-type mice. In lung homogenates, Zkscan3™~ mice exhibited increased expression
of Becnl, Ctsd, Lc3b, Sqgstml1, Rubcnand Wipi3, compared to wild-type mice (Fig. 3B).
The increased levels of mediators for autophagy, phagosome and lysosome biogenesis
were associated with improved killing of PAK in lungs of Zkscan3™~ mice (Fig. 3C).

Of note, while PAK induced a similar flux of immune cells in lungs of wild-type and
Zkscan3™~ mice, enhanced killing of bacteria was accompanied with a substantial increase
of RUBICON in Zkscan3™'~ mice (Fig. 4A and B). Moreover, the ATG5 immunostaining is
decreased after PAK instillation in wild-type mice, but not in Zkscan3~~ mice (Fig. 4C).

The effect of post-sepsis immunosuppression on phagolysosomes, lysosomes and
ZKSCANS3 in murine lungs.

Previous studies have shown that similar to critically-ill patients, post-septic mice have
decreased capacity for bacterial killing 4043, Given that 2. aeruginosa-induced pneumonia is
associated with a robust decrease in autophagy and lysosomes in lungs of infected mice, we
tested if this is relevant in the mice that survive sepsis, but developed immunosuppression.
Of note, we have recently demonstrated that mice developed immunosuppression following
CLP-induced intra-abdominal sepsis vs. sham 19, This was confirmed by measurement of
colony forming units (CFUs) from lung homogenates. In post-sepsis mice, /.e., CLP-induced
immunosuppressed mice, the LC3-11/p-actin levels was modestly increased, but without a
significant alteration in the LC3-11/LC3-I ratio or lysosomal membrane protein LAMP1
(Supplementary Fig. LA-C). These findings indicate that in contrast to phagolysosome

and lysosome depletion after severe infection of lungs with £ aeruginosa, intra-abdominal
infections (seven days post-CLP) had a modest impact on the amounts of phagolysosomes
and lysosomes in lungs of mice that survived sepsis. However, the immunosuppressive
phenotype is consistent with a robust accumulation of ZKSCANS3, while levels of TFEB
and TFE3 remain unaltered (Supplementary Fig. 2A—C). Notably, ZKSCAN3 accumulation
was likely linked to its posttranslational regulation, as similar levels of Zkscan3 mRNA,

as well as 7feband 77fe3mRNAs, were found in lungs of control and post-sepsis mice
(Supplementary Fig. 3A-C).

The expression levels (MRNA) for autophagy and mitochondrial dynamics pathways,
including L¢3, Wipi2, Mcolnl, p62, Becnl, Drpl, Prkn, and Pgcla were not affected in
control vs. post-CLP groups of mice (Supplementary Fig. 3D-K). However, lysosomal
Lampl, Lamp2A and Ctsd expression was suppressed, consistent with ZKSCAN3
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accumulation in lungs of post-sepsis mice (Supplementary Fig. 4A-C). Interestingly,
genes encoding enzymes detoxifying mitochondrial superoxide and cytosolic hydrogen
peroxide, Sod2and Catalase respectively, were also diminished in mice that survived
sepsis (Supplementary Fig. 4D—F). Further analysis indicates that the expression levels of
Ngoland Gcle, target genes of the NRF2 pathway, were similar between tested groups
of mice (Supplementary Fig. 4G—H). In regards to metabolic pathways, we observed

that expression of genes encoding enzymes for the pentose phosphate pathway and
glutathione synthesis (G6pd, Gelmand Gsr) were significantly increased (Supplementary
Fig. 4T-V). These findings demonstrate that in an experimental model of sepsis-induced
immunosuppression, ZKSCAN3 accumulation is associated with suppressed expression of
several ROS detoxifying enzymes and likely affects the pentose phosphate pathway and
glutathione synthesis.

Discussion

This is the first study, to our knowledge, to demonstrate an adverse impact of ZKSCAN3
accumulation in experimental models of bacterial lung infections and its accumulation

in bacterial lung infection and post-sepsis immunosuppression. Specifically, we found

that ZKSCAN3 accumulates in the lungs after severe bacterial pneumonia and also in

mice that survived intra-abdominal bacterial sepsis, but developed immunosuppression.
ZKSCANS deficient mice have enhanced expression of genes encoding autophagy and
lysosomal proteins, as well as accumulation of RUBICON protein compared to wildtype
mice both with and without exposure to bacterial pneumonia. Importantly. ZKSCAN3 ™~
mice improved bacterial killing, as evidenced in mice with intratracheal instillation of 2
aeruginosa. These findings are consistent with prior studies that Rubicon is essential for LC3
lipidation on phagolysosomes and that ZKSCANS is a master transcription repressor for

the expression of autophagy and lysosome genes #4-46. Indeed, ZKSCANS3 regulates mMRNA
expression of Becn-1, Ctsa, Lc3b, Sqstml1, Rubcnand Wipi3. However, we found that Afg5,
Lampl, LampZ2a, Tfe3or TFEB MRNA levels were not affected in ZKSCAN3™~ mice.
Moreover, in response to severe bacterial infection, there is a robust increase of ZKSCAN3
protein in lungs, while the amounts of TFEB, TFE3, LAMPL1, and LC3II proteins were
reduced.

ZKSCANS3 accumulation is also relevant in mice with sepsis-induced immunosuppression.
In this setting, immunosuppression is associated with a robust increase of ZKSCAN3,
although mRNA levels was unaltered, as compared to control groups of mice. The
mechanism of ZKSKAN3 accumulation remains to be determined, although it is

likely linked to posttranslational events. Many transcriptional factors undergo post-
translational modifications, including phosphorylation of TFEB that affects its retention and
transcriptional function in the nucleus 47.

Decline or loss of autophagy has a tremendous impact on lung function during severe
infections and poses high risk of secondary bacterial infections due to immunosuppression
developed among survivors of severe sepsis or trauma/hemorrhage 48. Moreover, autophagy
is not only limited to neutralization of microbial pathogens, but also affects the severity of
lung injury in sterile conditions 4°. Lung fibrosis is also known to be accompanied by a
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loss of autophagy/mitophagy that prevents extracellular matrix clearance by phagocytes and
parenchymal cells 5951, In addition to lowering endoplasmic reticulum stress-induced lung
injury, autophagy controls neutralization of damaged/depolarized mitochondria (mitophagy);
thus preventing the release of harmful mitochondrial danger-associated molecular patterns
(DAMPS) 52, |t is possible that ZKSCAN3-dependent depletion of phagolysosomes

and lysosomes attenuates recovery from lung injury, thereby leading to post-sepsis
complications, including organ fibrosis.

While our studies demonstrate the importance of ZKSCANS, it is possible that other
mechanisms affect phagolysosome and lysosome biogenesis. For example, phagolysosome
biogenesis can be enhanced by transcriptional mechanisms that involves the forkhead box O
(FOXO0) family 5354, Recent studies have shown that microRNAs (miRNAs) and histone
modifications have a significant impact on autophagy 3°-58. Of note, ZKSCAN3 may

also affect expression of genes that are not related to autophagy, including cyclin D2 and
integrin B4 5960, Although our studies are primarily focused on the ZKSCAN3/autophagy
axis, we found that immunosuppression and accumulation of ZKSCANS3 affect expression
patterns for SODZ, Cat, G6PD, Gclm, and Gsr. Further studies should consider ZKSCAN3
transcriptional function and regulation in individual cell populations, and importantly,

to confirm if similar mechanism/s are operational in the clinical setting of sepsis and
immunosuppression.

Taken together, our studies revealed that ZKSCANS is associated with depletion of
phagolysosomes and lysosomes in lungs of mice with severe infections and during post-
sepsis immunosuppression. We suggest that ZKSCANS inhibition and/or stimulation of
alternative pathways for lysosome biogenesis are important therapeutic targets in sepsis and
post-sepsis complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The effects of endotoxin-induced acute lung injury and P, aeruginosa-mediated pneumonia

on autophagy, phagolysosomal and lysosomal regulatory components in mouse lung. (A)
Representative Western blots show LC3-1, LC3-I1 and p-actin levels in lung homogenates
from control and mice subjected to intratracheal (i.t.) instillation of LPS for 24 hours, or
after exposure to £ aeruginosa strain K (PAK) for 4 hours. The molecular weight markers
(kDa) are indicated. (B) Quantitative analysis of LC3-11/B-actin and LC3-11/LC3-I ratios.
Data = mean £ sem, n=4-5, *p< 0.05 (ANOVA). (C) Western blots and (D) quantitative
analysis of LAMP1 in lung homogenates obtained from indicated groups of mice. Data =
mean * sem, 7= 4-5, *p< 0.05 (ANOVA).
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Figure 2.

Control

-I—%
il

LPS PAK

The effects of endotoxin-induced acute lung injury and £, aeruginosa-induced pneumonia
on TFEB, TFE3 and ZKSCANS3 levels in lungs of mice. Representative Western blots and
optical densitometry show (A) TFEB, (B) TFE3, and (C) ZKSCANS protein levels in lung
homogenates from indicated groups of mice. Samples were prepared 24 hours post-LPS
(2 mg/kg; i.t.) or 4 hours after exposure to PAK (2.5 x 107; i.t.). Data = mean + sem,
n=4-5,*p<0.05 (ANOVA). (D) The amounts of TNF-a and (E) MIP2 cytokines in
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bronchoalveolar lavages (BALS) of indicated groups of mice. Mean £ sem, n=5, *p< 0.05
(ANOVA).

Lab Invest. Author manuscript; available in PMC 2022 March 09.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ouyang et al. Page 15
A NDEL1
FRT
2 HHHH—> L]
Ex1 Ex2 loxp 34 5 loxp, Ex6
" o
NDEL2 SC1

Relative mRNA Expression in Lung in
zkscan3 KO Mouse

@)

150
2 v N *
1.5 g » * =
" . T 7 > 1004 o0 -
0.5 * 6 504 LN ]
0 — .
=
P DD DN & DD S
r;)\() Q;OQ O {QQ Q‘l« \(‘:b Q‘b & $Q\ KR b 0 : :
S NN S° @ y v
N\ < 4\/@ ZKSCAN3** ZKSCAN3
OWT (n=8) mKO (n=9)
Figure 3.

ZKSCANB deficiency improved bacterial killing in lung of mice. (A) Zkscan3 genomic
structure with indicated exons, FRT/loxPand foxP sites, as well as the primers used for

genotyping. (B) The mRNA profile for indicated autophagy, phagolysosomal and lysosomal
components in lungs of wild-type and ZKSCAN3~~ mice. Data normalized to the level of
actin expression. Mean = sem, n=29, *p < 0.05 (Student’s #test). (C) The colony forming
units (CFUs) from lungs of wild-type and ZKSCAN3 deficient mice that were exposed to
PAK (2.5 x107; i.t.) for 4 hours. Mean + sem, 7= 7 per each groups of mice, *p < 0.05
(Student’s £test).
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Figure 4.
(A) Images of H&E stained lung sections from wild-type or Zkscan3”~ mice that were

subjected with or without PAK (2.5 x107; i.t.) for 4 hours. Black arrows indicate spaces
filled with a mixed mononuclear/neutrophilic infiltrates and cellular debris. Alveolar walls
are also thickened, and the septa are edematous (blue arrows). (B and C) Images of lung
sections with immunostaining for (B) Rubicon or (C) ATG5 in wild-type or ZKSCAN3
deficient mice, including with or without exposure to PAK.
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Table 1.

Primer sets for indicated gene expression.

Forward Reverse
Atghs TCTGCAGGACAGTGTGATCC  GGCTAAGTTCTTCCTTCAACCA
Becnl AGCCTCTGAAACTGGACACG CTTCCTCCTGGGTCTCTCCT
Cat GCTCCGCAATCCTACACCAT GGTGGTCAGGACATCAGGTC
Ctsd CCGGTCTTTGACAACCTGAT TCAGTGCCACCAAGCATTAG
Drpl TGCCTCAGATCGTCGTAGTG CACCAGTTCCTCTGGGAAGA
Gé6pc GATGCCTTCCACCAAGCTGA  GTAGAAGGCCATCCCGGAAC
Gcle ACAAGGACGTGCTCAAGTGG GTCTCAAGAACATCGCCTCCA
Gelm GGAACCTGCTCAACTGGGG GGGCTGATTTGGGAACTCCA
Gsr CGGTGGTGGAGAGTCACAAG TGAATTCCGAGTGCACTGCT
Lamp1 CTGTCGAGTGGCAACTTCAG  GGATACAGTGGGGTTTGTGG
LampZa TGGCTAATGGCTCAGCTTTC ATGGGCACAAGGAAGTTGTC
Mapl-Ic3 GTGGAAGATGTCCGGCTCAT TGGTCAGGCACCAGGAACTT
Mcoln1 GCGCGCCTCAGAGACTGA TCTTCCTCTTCTGTGGGGGT
Ngol CTCCCTCAACATCTGGAGCC GCCTCCTTCATGGCGTAGTT
Sgstm1/P62 CGAGTGGCTGTGCTGTTC TGTCAGCTCCTCATCACTGG
Prkn GAGCTTCCGAATCACCTGAC CCCTCCAGATGCATTTGTTT
Pgcl-a ACAGCTTTCTGGGTGGATTG TCTGTGAGAACCGCTAGCAA
Rubcn GATGGGGAGCGTCTGCTA GTTGGCTGACACCAAACCTT
Sodl GGAAGCATGGCGATGAAAGC CACAACTGGTTCACCGCTTG
Sod2 GGCCAAGGGAGATGTTACAA  GCTTGATAGCCTCCAGCAAC
Tfe3 CATCCTCGATCCTGACAGCT TGTGGCCTGCAGTGATATTGG
Tfeb GCGGACAGATTGACCTTCAG  CTCTCGCTGCTCCTCCTG
Wipi2 GCTGTTCGCCAACTTCAAC TCTGTTCCAGCTTATCCACAGA
Zkscan3 CTGGATGACACACCTCCACA  TTTCTGAGCCCTGAGCTGAT
Acth GACGGCCAGGTCATCACTAT AAGGAAGGCTGGAAAAGAGC
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