1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Immunol. Author manuscript; available in PMC 2017 September 15.

-, HHS Public Access
«

Published in final edited form as:
J Immunol. 2016 September 15; 197(6): 2187-2194. doi:10.4049/jimmunol.1600793.

Opposing roles of tyrosine kinase receptors Mer and Axl|
determine clinical outcomes in experimental immune-mediated
nephritis

Yuxuan Zhen8, Stephen O. Priest8, and Wen-Hai Shao%"

8Section of Rheumatology, Department of Medicine, Temple University, Philadelphia, PA USA
19140

Abstract

Glomerulonephritis is one of the most severe manifestations of systemic lupus erythematosus, with
considerable morbidity and mortality. There remains a major unmet need for successful
management of lupus nephritis. TAM family receptor tyrosine kinases (Mer and Axl) play an
important role in the maintenance of immune homeostasis in the kidney. Mer is constitutively
expressed in the glomeruli; Axl expression is inducible in glomeruli under inflammatory
conditions. To investigate the distinct functions of Axl and Mer in lupus nephritis, we compared
the severity of nephrotoxic serum glomerulonephritis in WT, AxI-KO, Mer-KO, and Axl/Mer-KO
mice. Mer-KO mice developed severe glomerulonephritis, with significantly decreased survival
and increased blood urea nitrogen levels, compared to WT mice given the same treatment.
However, nephrotoxic serum-treated AxI-KO mice had significantly increased survival rates and
improved renal function as compared to similarly treated WT, Mer-KO, and Axl/Mer-KO mice.
Interestingly, mice lacking both Axl and Mer developed kidney inflammation comparable to WT
mice. Western blot analysis revealed significantly increased Stat3 phosphorylation and caspase-1
activation in the kidneys of nephritic Mer-KO mice. In contrast, Ax| deficient nephrotoxic serum-
injected mice showed decreased Akt phosphorylation and Bcl-xI upregulation. Thus, the reciprocal
activation of Axl and Mer receptor tyrosine kinases has a major impact on the outcome of renal
inflammation.
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Introduction

Systemic lupus erythematosus (SLE) is a multi-system autoimmune disease. Renal
involvement occurs in most patients, and glomerulonephritis is a major cause of morbidity
(1). Diffuse proliferative glomerulonephritis (DPGN) carries the worst prognosis, resulting
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in 11-48% of patients developing end stage renal disease by five years (2). Immune complex
deposition in the kidney initiates an inflammatory cascade that causes glomerular disease,
but there are many modulating factors, including products of the innate immune system (3).
Nephrotoxic serum (NTS)-mediated anti-glomerular basement membrane (anti-GBM)
disease is a well-studied mouse model of immune-mediated glomerulonephritis,
characterized by rapidly progressive renal dysfunction (4). Glomerular injury causes
proteinuria and reduced glomerular filtration. Increasing evidence indicates that multiple
influences, including chemakines, cytokines, neutrophils/macrophages, and genetic factors
determine the severity of disease (4-7).

The innate and adaptive immune systems play important roles in the pathogenesis of
glomerulonephritis. Disease susceptibility, however, is also influenced by factors intrinsic to
the kidney itself. For example, intrinsic expression of tumor necrosis factor (TNF) receptor 2
on glomerular endothelial cells promotes monocyte recruitment into the kidney during anti-
GBM nephritis (8). It has also been observed that mesangial cell production of pro-
inflammatory cytokines following TLR3 engagement contributes to nephritis (9). A further
example is the finding that resident renal cells are the dominant source of IFN-I (Type |
interferon) in the anti-GBM nephritis model. Elimination of the IFN receptor ameliorates
anti-GBM disease (10), underscoring the importance of IFN-I in this nephritis model.

The role of TAM (Tyro-3, Axl, and Mer) receptor tyrosine kinases signaling as negative
regulators of inflammation has drawn much attention (11-13). TAM receptors are expressed
primarily by myeloid cells of the immune system and achieve their immune regulatory
action through phagocytosis of apoptotic debris, upregulation of key signaling suppressors,
and secretion of anti-inflammatory cytokines (11, 12, 14, 15). Protein S and Gas 6 (growth
arrest specific protein 6) were identified in the mid-90s as ligands for TAM receptors (16).
Macrophage expression of Mer and Axl is required for the Gas6-dependent phagocytosis of
apoptotic cells and regulation of immune responses (17-19). Mice lacking Mer single or
TAM triple receptors developed mild or severe lupus-like autoimmune disorders,
respectively (14, 15). Mer is highly expressed in glomeruli and functions in the suppression
of inflammatory responses and in the clearance of apoptotic cells (5, 14). Mer-KO mice
respond to inflammatory stimuli by producing increased proinflammatory mediators such as
IL-1, IL-6, and TNFa. (5, 20, 21). AxI, on the other hand, mediates cell survival signaling in
many cell types. Binding of Gas6 to AxI leads to receptor dimerization,
autophosphorylation, and activation of downstream signaling pathways including P13
kinase/AKT and MAPKS/ERKS, resulting in pro-survival and proliferative responses,
respectively (22). In both mice and humans, Axl and Gas6 are expressed by glomerular
mesangial cells and by tubular cells (23-25). Previous studies using Gas6 ™'~ mice showed a
pathogenic role for Gas6 in NTS-induced nephritis and streptozotocin-induced diabetic
nephropathy (26, 27). Loss of Gas6 protected against mesangial cell proliferation and
glomerular hypertrophy, and led to improved proteinuria and survival (26). These data
suggest that inhibitors of the Gas6/AxI pathway may be of therapeutic benefit in renal
pathologies. However, the molecular regulation of these events and the progression of
glomerulonephritis are not fully elucidated. In addition, the TAM-independent function of
Gasb as a coagulant versus its TAM-dependent function, as an anti-inflammatory agent, has
not been experimentally dissociated.
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Our previous work showed that there is accelerated and more severe NTS-nephritis in the
absence of Mer (5). We now show that AxI-KO mice, in contrast, develop reduced renal
inflammation with significantly improved survival rate and reduced blood urea nitrogen
(BUN), as compared to NTS-treated WT, Mer-KO, and Axl/Mer-double knockout (A/M-
KO) mice. Decreased Akt phosphorylation and ablated Bcl-xI expression were seen in the
kidneys of Axl deficient NTS-injected mice. Furthermore, Mer deficiency led to activation
of Stat3 and down-regulation of SOCS3.

Materials and Methods

Animals

The WT C57BL/6J (B6) mice were originally purchased from Jackson Laboratories (Bar
Harbor, ME). AxI-KO mice were a gift from Dr. Carla V. Rothlin (Yale University,
Department of Immunobiology) (28). AxI-KO mice were then bred onto Mer-KO mice (29)
to generate the AxI/Mer double knock out mice, designated as A/M-KO mice. All mice were
fully backcrossed onto B6 background (n>9) and were housed under specific pathogen-free
conditions at the animal facilities of Temple University. All animal experiments were
performed in accordance with the guidelines of the Institutional Animal Care and Use
Committee.

Nephrotoxic serum (NTS)-induced nephritis

NTS serum was prepared as previously described (5). In brief, mice glomeruli were isolated
by differential sieving and sonicated. Sheep were hyperimmunized with mouse glomeruli.
The NTS was heat-inactivated and absorbed with murine blood cells. Age- and sex-matched
mice (WT, AxI-KO, Mer-KO, and A/M-KO) were injected intravenously with 7.5ml/kg of
nephrotoxic serum prepared from sheep (5). Mice were then followed with measurement of
proteinuria (Uristix, Bayer Corporation, Elkhart, IN) and serum urea level using Urea
Nitrogen Direct kit (Stanbio Laboratory, Boerne, TX). These animals were euthanized to
obtain renal specimens at days 3-, 7-, and 14-post injection.

Kidney histology

Kidneys from each animal were embedded in OCT medium and snap-frozen in liquid
nitrogen. Cryostat sections (4 um) were stained with H&E and periodic acid-Schiff (PAS)
for routine histology. The expression of proliferating cell nuclear antigen (PCNA,
Invitrogen, CA) was evaluated by immunostaining. Pathological evaluation by light
microscopy was done in a blinded manner.

Immunofluorescent staining

Kidney sections were incubated with 1% BSA in PBS. Sample sections were then blocked
with 3% BSA in PBS. Immune complex deposition was evaluated by incubating sections
from day 3 and day 14 with FITC conjugated anti-sheep and anti-mouse antibodies,
respectively. Slides were mounted in anti-fading aqueous mounting medium (Biomeda
Corp., Foster City, CA), and images were acquired using an Olympus BX60 fluorescence
microscope equipped with camera (Center Valley, PA).
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Western blot analysis

RT-PCR

Protein from kidney tissues was extracted using a RIPA lysis buffer, and Western blot
analysis was performed. After blocking non-specific binding with 5% (w/v) dry milk,
membranes were incubated with the primary antibodies (anti-Mer and phospho-Mer, Axl,
Bcl-2, Bcl-6, Bel-xl, Akt and phospho-Akt, Stat3 and phospho-Stat3, SOCS3, and Caspase
1), followed by HRP-conjugated secondary antibody. All antibodies were purchased from
Cell Signaling Technology (Danvers, MA) unless otherwise noted. Signals were detected
using ECL. Quantitative analysis of images was performed using ImageStudio software (LI-
COR Biotechnology, Lincoln, NE). For AxI phosphorylation, immunoprecipitation was
performed at 4°C for 2 hr using 1 pg of anti-phosphotyrosine antibody (Biolegend, San
Diego, CA). Immune complexes were collected with 50 mg of protein A-Sepharose beads
(GE-Healthcare Biosciences, Pittsburgh, PA). Proteins were immunoblotted with goat rabbit
anti-mouse Axl antibody.

Total RNA was isolated using RNA Mini Kit (Ambion, Carlsbad, CA) from the renal cortex
portion of experimental mice. cDNA was then synthesized from 2 pg of total RNA using
High Capacity RNA-to-cDNA Kit (Applied Biosystems Inc. Foster City, CA). Real-time
PCR was performed in StepOnePlus Applied Biosystem Real-Time machine. Primers for
IL-6, IFN-y, and GAPDH were also purchased from Applied Biosystems. Fold changes
were calculated using the C method as previous reported (5).

Statistical analysis

Results

Experiments were repeated 2-3 times and at least 5 mice were analyzed from each group.
Study groups were analyzed for normal distribution using Kolmogorov-Smirnov test.
Comparisons between two groups passing normality were assessed using the parametric
Student ttest. Data are expressed as the arithmetic mean + SEM. Western blot data were
analyzed using ImageStudio software (Li-Cor, Lincoln, NE). Intensity differences between
groups were tested using the Mann-Whitney U test. Data are shown as median with
interquartile range. The BUN determinations were compared using 2-way NOVA with
repeated measures. A p value of less than 0.05 was considered statistically significant.
Analyses were completed using Prism 6.0 for Mac (GraphPad Software) or Microsoft Excel.

Expression and activation of Axl and Mer in the kidneys of nephritic mice

Mer is constitutively expressed at high levels in the kidneys of naive mice (30, 31). In
contrast, AxI expression is not detectable in the kidneys of naive mice, yet it is up-regulated
under inflammatory conditions (26, 32). We previously showed upregulation of Mer in the
glomeruli of NTS-injected mice (5). In this study, we analyzed Mer and Axl activation/
phosphorylation by Western blot under naive and inflammatory conditions. Baseline
expression of Mer in the kidneys of naive WT and AxI-KO mice was associated with low-
level phosphorylation (Fig. 1A), indicating a housekeeping function of Mer in the kidney.
Upon injection of NTS, Mer expression/phosphorylation was significantly upregulated in the
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WT kidneys (Fig. 1A and B). Axl was not expressed in unmanipulated normal kidney (Fig.
1A control). Moderate Axl expression/activation was observed at early stages of kidney
inflammation (Fig. 1A). High levels of Axl expression and activation were detected in the
WT Kkidney at later stages of nephritis (Fig. 1B). Interestingly, Mer phosphorylation (day 3)
in the kidneys of AxI-KO nephritic mice and AxI phosphorylation (day 14) in the kidney of
Mer-KO nephritic mice were significantly lower than that in the kidneys of WT nephritic
mice (Fig. 1). These data may reflect a functional interaction between Mer and Axl. Taken
together, we showed for the first time Mer and AxI can be phosphorylated (activated) in the
kidney of NTS injected mice and that their expression/activation levels may be regulated by
each other.

AxI| deficiency leads to nephritis resistance and enhanced survival, but Mer deficiency
leads to more severe nephritis and decreased survival

We have previously shown that Mer-KO mice developed significantly more severe NTS-
induced nephritis compared to WT mice (5). In this report, we expand on that observation by
including AxI-KO and A/M-KO mice. Four groups of mice (WT, AxI-KO. Mer-KO, and
A/M-KO) were subjected to NTS injection. As expected, Mer-KO mice developed severe
glomerulonephritis, with significantly decreased survival and increased BUN levels as
compared to WT mice given the same treatment ((5) and Fig. 2). Necrotic cell death was
also evident in the glomeruli of Mer-KO mice with nephritis (Fig. 3A). However, AxI-KO
mice were protected from nephritis and had a significantly reduced BUN (Fig. 2A) and
increased survival rate (Fig. 2B) compared to the WT, Mer-KO and A/M-KO mice injected
with the same serum. Interestingly, Axl and Mer double deficient mice showed an
intermediate phenotype between AxI- and Mer-single knock out mice. Though BUN levels
of A/IM-KO mice were similar to NTS-injected WT mice (Fig. 2A), A/IM-KO mice exhibited
a trend for reduced survival (Fig. 2B). Pathological changes were similar between NTS-
injected A/M-KO and WT mice (Fig. 3A). The differences in renal function and survival
were not due to variations in the amount of NTS administered nor to anti-donor antibodies
generated by host mice (Fig. 3B).

Axl-mediated glomerular cell proliferation in NTS-nephritic mice

AxI regulates proliferation and survival in many types of cancer cells (22). Gas6 induces
massive proteinuria and glomerular cell proliferation and Gas6~'~ mice develop less
mortality and proteinuria when nephritis is induced (26). /n vitro studies showed that
interfering with the Gas6/AxI pathway inhibits mesangial cell proliferation (32). We
wondered if preservation of kidney function observed in AxI-KO mice injected with NTS
was due to the inhibition of glomerular cell proliferation. We examined cell proliferation in
AxI-KO mice, WT mice, Mer-KO mice, and A/M-KO mice during the early stage of NTS-
nephritis. Immunostaining for PCNA on day 7 showed intense nuclear staining in the
glomeruli of WT mice (Fig. 3A). NTS-injected Mer-KO mice showed significantly
increased glomerular proliferation compared to the WT mice (Fig. 3A). In contrast, and
consistent with previous results from Gas6 ™~ mice (26), numbers of PCNA-positive cell per
glomerular cross section were significantly lower in AxI-KO mice compared to NTS-
injected WT and Mer-KO mice (Fig. 3A). Though there was a trend for increased
proliferation in the glomeruli of A/M-KO mice compared to the glomeruli of AxI-KO mice,
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statistical analysis revealed no significant difference between AxI-KO and A/M-KO mice
given the same treatment (Fig. 3A).

Ameliorated kidney function in AxI-KO mice was associated with Akt phosphorylation and
Bcl-xl upregulation

AxI activation results in upregulation of the MAPK and PI3K/Akt signaling pathway,
thereby promoting cell survival (22, 33). We observed no differences in MAPK expression
and activation in the kidney when all the groups of experimental mice with nephritis were
examined (data not shown). Western blot analysis of protein extracts from kidneys showed
that Axl activation is associated with Akt phosphorylation and Bcl-xI upregulation after NTS
injection (Fig. 4). Kidney Akt phosphorylation was no different between WT and AxI-KO
mice 3 days after NTS injection (Fig. 4A). However, there was a significant decrease of Akt
phosphorylation in the kidneys of AxI-KO mice when compared to the Mer-KO mice (Fig.
4A). By day 14, Akt phosphorylation was enhanced in the kidneys of WT mice, while Akt
phosphorylation remained unchanged in the kidney AxI-KO mice, which resulted in a
significant lower level of kidney Akt phosphorylation in the AxI-KO mice compared to all
other three groups of mice under the same treatment (Fig. 4B). Bcl-2, Bcl-6, and Bcl-xI were
all analyzed by Western blot. Bcl-2 remained at a constitutively high level in the kidneys of
all control and experimental mice (Fig. 4C and D). Renal Bcl-6 was not detectable in any of
the mice. However, Bcl-xI expression was high in the kidneys of all groups of mice,
including the control group, at day 3 (Fig. 4C). Surprisingly, a significant decrease of Bcl-xI|
expression was observed in the kidneys of AxI-KO mice at day14 after NTS injection as
compared to the WT and Mer-KO mice (Fig. 4D). Taken together, data support a
housekeeping function of Bcl-2 in the kidney and an AxI-dependent regulatory role of Bcl-xI
during renal inflammation.

Mer-deficiency is associated with Stat3 phosphorylation and SOCS3 down-regulation

Signaling pathways downstream of Mer activation have been studied by multiple groups (30,
31). However, most of the results came from the receptor chimeras (34). The inhibitory role
of TAM in inflammatory responses is linked to Statl phosphorylation and SOCS1/3
upregulation (12). Mer-mediated inhibition of LPS-induced inflammatory response is also
Statl and SOCS1/3 dependent. Surprisingly, Statl phosphorylation was not observed in the
kidneys of nephritic mice, regardless of high levels of Statl protein (data not shown). On the
other hand, Stat3 was significantly activated in the kidneys of Mer-KO mice compared to
WT, AxI-KO, and A/M-KO mice after NTS injection (Fig. 5A and B). Stat3 activation was
associated with SOCS3 down regulation in the kidneys of the same mice. Consistent with
previous findings, data shown here suggest a negative regulatory role for SOCS3 on Stat3
activation (35, 36). In addition, our previous data showed that Stat3 activation in the kidney
was associated with severe nephritis in chronic graft-versus-host disease (cGVHD) (35). A
small increase in pStat3 was also noted in the AxI-KO nephritic mice (Fig. 5A and B). A
possible cross-regulation between Mer and AxI was indicated in the study by Seitz et al (19).
Results in figure 1 may also suggest the same phenomenon. It is possible that in AxI-KO
mice, Mer may not function as in the WT kidney. Impaired Mer function may lead to an
increased level of AxI-KO mice kidney after NTS injection.
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TAM receptors are known to mediate the homeostatic phagocytosis of apoptotic cells and
moderate immune responses. We previously reported a significant increase of apoptotic cells
in the kidneys of nephritic Mer-KO mice. Caspase 3 functions primarily in cell death
execution (37), while caspase 1 is best established as the protease responsible for the
processing of IL-1 (38). Activated caspases can be detected as cleaved fragments. We
wondered if TAM deficiency alters the expression and activation of caspases involved in the
process of apoptotic cell death and inflammatory cytokine production. Expression and
activation of caspase 3 were no different in the kidneys of NTS injected mice among all
groups (data not shown). Figure 5C showed high level cleavages of caspase 1 in the kidneys
of Mer-KO and A/M-KO mice after NTS injection. AxI-KO mice displayed minimum
caspase 1 cleavage in the kidney 14 days after nephritis induction (Fig. 5C). Taken together,
data indicate a Mer-dependent caspase 1 inhibition in NTS-nepbhritis.

Differentially regulated inflammatory cytokines in nephritic Mer-KO and AxI-KO mice

Cytokines are known to play an important role during renal inflammation. Both Mer and AxI
were shown to regulate inflammatory cytokine profile changes. We previously showed
increased proinflammatory cytokines in the kidneys of Mer-KO mice after NTS injection.
Consistent with the previous finding, we detected significantly increased IL-6 mRNA in the
kidneys of Mer-KO mice compared to the WT mice 7 days after NTS administration (Fig.
6A). We also detected a significantly higher level of IFN-y in Mer-KO nephritic mice
compared to all other three groups (Fig. 6B). Levels of both IL-6 and IFN-y were
significantly lower in the kidneys of nephritic AxI-KO mice as compared to Mer-KO mice
given the same treatment (Fig. 6). However, mRNA levels of IFN-y were similar between
WT, AxI-KO, and A/M-KO mice (Fig. 6B). Lower expression of inflammatory cytokines
was observed in the kidneys of AxI-KO mice, when nephritis was induced, consistent with
the higher survival rate and lower levels of BUN.

Discussion

The TAM receptors have emerged as critical players in the immune response. Axl and Mer
have been shown to segregate into distinct niches of expression and function in tolerance
induction and inhibition of inflammation (39). We found that AxI and Mer target different
pathways in the course of renal inflammation: Mer acts mainly in apoptotic cell clearance
and inhibition of inflammatory cytokines, whereas AxI activation promotes glomerular cell
proliferation. Mer expression was consistently high in the kidney and rose still higher after
NTS injection. Axl expression was undetectable in the kidneys of naive mice, but rose
promptly upon inflammatory insult. It is noteworthy that AxI activation was significantly
lower in the kidneys of Mer-KO nephritic mice, compared to Axl activation in the kidneys of
nephritic WT mice, and vice versa, Mer activation was significantly lower in the kidneys of
AxI-KO mice. Similarly, Seitz et al reported a diminished Mer phosphorylation from AxI/
Tyro3~/~ mice. Together, data suggest a functional interaction between these receptors.

Mer-deficiency associated Stat3 activation in the kidney represents a novel finding. Mer-
mediated inhibition of inflammatory responses involves Statl activation and SOCS1/3
expression (12). Activation of the Stat pathway (Stat5 and Stat6) was also noted in Jurkat
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cells stimulated with Gas6 (40). We expected to see a decrease of Statl phosphorylation in
the kidneys of Mer-KO mice after NTS injection. Instead, we observed a significant increase
in Stat3 activation. Enhanced Stat3 phosphorylation was associated with SOCS3 down
regulation, which reinforces the inhibitory role of SOCS3 in Stat3 activation. Similarly,
enhanced Stat3 phosphorylation was observed in the kidneys of Stat1-KO mice when lupus-
like cGVHD was induced (35). Stat3 activation in the kidneys of nephritic Mer-KO mice
was probably due to a negative feedback from Mer-mediated Statl activation, as Statl and
Stat3 reciprocally regulate each other, and play opposite roles in several aspects of
inflammation (41).

Caspases are a family of endoproteases that have critical roles in maintaining homeostasis
through regulating inflammation and cell death (42), representing two essential axes in
glomerulonephritis. Activation of caspasel requires cleavage, leading to the rapid secretion
of IL-1B. An additional consequence of caspasel activation in macrophages is rapid and
caspase-1-dependent cell death (43). Increased IL-1 secretion and enhanced apoptotic cell
death were reported previously in the kidneys of Mer-KO mice injected with NTS (35).
Strikingly, Caspasel activation (cleavage) was only observed in the kidneys of the nephritic
mice lacking the Mer receptor, indicating a Mer-dependent caspasel inhibition.

Two major ligands have been identified mediating TAM receptor signaling. Both ligands are
secreted by multiple cell types and are present in mouse and human blood (44). Our data
showed that Mer-mediated macrophage phagocytosis of apoptotic cells is Gas6-dependent
(17). Protein S, on the other hand, was also shown to drive Mer-dependent phagocytosis in
mouse bone marrow-derived macrophages (45). However, only Gas6 was able to drive AxI-
dependent phagocytosis (39). A novel function of Gasé6 in the development of nephritis has
been studied (46). Gas6 was also shown to promote mesangial cell proliferation in /n vitro
study (47). Data published to date suggest that AxI-mediated glomerular proliferation is
Gas6 dependent.

Increased serum levels of soluble Mer and AxI have been observed in lupus patients by
several groups (48-50). Lee et al (51) found that elevated levels of soluble TAM receptors
were more evident in patients with progressive renal failure. Significantly increased levels of
TAM may reflect decreased membrane TAM receptors, which represent important factors in
phagocytic clearance of apoptotic cells generated during inflammation, including nephritis.
The importance of Gas6/AxI pathway has also been implicated in many types of kidney
diseases (25). Inhibition of Gas6 has been proved to be beneficial in nephritis (26, 32).
However, Gas6, a coagulation factor in the blood, plays an important role in platelet
aggregation (52). Long-term inhibition of Gasé may cause severe side effects, including
prolonged prothrombin times, anemia, and bleeding tendency. In the present work, we
showed a significantly improved survival rate and preservation of renal function in AxI-KO
mice compared to all other groups of mice given the same disease induction. These findings
suggest that agents blocking AxI function might be useful in treating nephritis. Several
therapeutics targeting Axl are under development in the field of cancer research (53).
Recently, three small kinase inhibitors for Axl have entered clinical trials. However, not all
inhibitors have activity limited to AxIl. Systemic administration of AxI inhibitors requires
close monitoring, as Mer plays an opposite effect in renal inflammation, due to its anti-
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inflammatory activities. Results from the clinical trials in cancer research have a potential
therapeutic application in lupus nephritis patients. Further investigations on the role of the
Gas6/AxI pathway in human kidney diseases and the development of specific antagonists
targeting the pathway are warranted.
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Abbreviations

SLE systemic lupus erythematosus

TAM Tyro-3, Axl, and Mer

DPGN Diffuse proliferative glomerulonephritis
NTS Nephrotoxic serum

GBM glomerular basement membrane

BUN blood urea nitrogen

PCNA proliferating cell nuclear antigen

PAS periodic acid-Schiff
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Figure 1. Expression and activation of Mer and Axl in mouse kidney
Kidneys from control (control serum-treated) and experimental (NTS-treated) mice were cut

into small pieces (<1mm) and homogenized in RIPA buffer. Mer and Axl expression and
phosphorylation were analyzed by Western blot at day 3 (A) and day 14 (B) after injection.
Densitometry analyses to quantify the ratio of phosphorylated AxI(Mer) to total Axl(Mer),
respectively, is shown at the bottom. Representative Western images are shown. Experiments
were independently repeated at least 2 times. Values are expressed as median with
interquartile range. Statistical test is the Mann-Whitney test. *p<0.05.
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Figure 2. Opposing role of Axl and Mer in miceinjected with NTS
WT, AxI-KO, Mer-KO, and A/M-KO mice were injected with NTS (7.5 ml/kg of mouse

body weight). A. Blood was collected by tail vein sampling during the study. Sera were
prepared and stored at —20°C. BUN levels were determined using the BUN enzymatic end
point test kit (Stanbio Labs). BUN was analyzed by two-way Anova with repeated measures.
B. Survival rate was followed after NTS injection and analyzed with the Kaplan-Meier
estimate. Data are representative of two independent experiments. **p<0.01, Mer-KO vs.

B6; #P<0.05, AxI-KO vs. B6.
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Figure 3. Pathological changesin the kidney of nephritic mice lacking Axl or Mer
Kidneys were embedded in OCT medium and snap frozen in liquid nitrogen. Kidney

sections (4um) were prepared at different time points as indicated. A. H&E (day 14, top
row), PAS (day 14, middle row), and PCNA (day 7, bottom row) stainings were performed.
B. Kidney sections (4um) were stained with FITC conjugated anti-sheep (top) and anti-
mouse IgG (bottom) antibodies. Images were taken with an Olympus camera and are
representative of at least three different sections from individual mice in each experiment
and were evaluated in two independent experiments. Control group was treated with the
same volume of sheep serum. All other groups were treated with NTS serum. Magnification:
x400.
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Figure 4. Axl-mediated Akt and Bcl-xI activation in the kidney of nephritic mice
Glomerulonephritis was induced as described. Kidney samples were homogenized and

prepared in RIPA buffer. Immunoblotting analysis compared expression and activity of Axl|
signaling pathway molecules (Akt) between WT, AxI-KO, Mer-KO, and A/M-KO mice at
day 3 (A) and day 14 (B). Bcl2, Bcl-6, and Bcl-xI expression were also analyzed at day 3
(C) and day 14 (D) after injection. Densitometry analysis to quantify the ratio of
phosphorylated Akt to total Akt and Bcl proteins to p-actin, respectively, is shown.
Representative Western images are shown. Experiments were independently repeated at least
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2 times. Values are expressed as median with interquartile range. Statistical test is the Mann-
Whitney test. **p<0.01, *p<0.05.
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Figure5. Stat pathway and caspasel activation in the kidney of Mer-KO mice with nephritis
Kidney samples were prepared in RIPA buffer. Analysis of phosphorylation status of Stat3

and expression levels of SOCS3 at day 3 (A) and day 14 (B), and caspase-1 activation (C)
during the development of NTS-nephritis was done by Western immunoblotting.
Densitometry analysis to quantify ratio of phosphorylated Stat3 to total Stat3 and SOCS3
proteins to B-actin, respectively, is shown at the bottom. Representative Western images are
shown. Experiments were independently repeated at least 2 times. Values are expressed as
median with interquartile range. Statistical test is the Mann-Whitney test. **p<0.01,

*p<0.05.
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Figure 6. Measurement of 1L-6 and | FN-vy gene expression from experimental mice with
nephritis

Three kidney samples from each group were homogenized for total MRNA preparation at
day 8 after NTS injection. mMRNA levels of IL-6 (A) and IFN-y (B) were analyzed by real-
time PCR. The fold changes are with respect to mRNA levels on control mice and were
calculated after normalization against GAPDH message. One of two independent
experiments is shown. Results represent the means + SEM. *P<0.05, **P < 0.01.
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