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Abstract
Systemic Lupus Erythematosus (SLE) is an autoimmune disease characterized by loss of tolerance
to self nucleic acids. The source of autoantigen that drives disease onset and progression is
unclear. A candidate source of autoantigen is the Neutrophil Extracellular Trap (NET), which
results in the release of nucleic acids into the extracellular environment, generating a structure
composed of DNA coated with antimicrobial proteins. Based on in vitro and patient correlative
studies, several groups have suggested NETs may provide lupus autoantigens. The observation
that NET release (NETosis) relies on activity of the phagocyte NAPDH oxidase (Nox2) in
neutrophils of both humans and mice provided a genetic strategy to test this hypothesis in vivo. To
do so, we have crossed an X-linked nox2 null allele onto the lupus-prone MRL.Faslpr genetic
background and assessed immune activation, autoantibody generation, and SLE pathology.
Strikingly, and counter to the prevailing hypothesis, Nox2-deficient lupus-prone mice have
markedly exacerbated lupus, including increased spleen weight, increased renal disease, and
elevated and altered autoantibody profiles. Intriguingly, heterozygous female mice, which have
Nox2-deficiency in 50% of neutrophils, also had exacerbated lupus and altered autoantibody
patterns, suggesting that failure to undergo normal Nox2-dependent cell death may result in
release of immunogenic self-constituents that stimulate lupus. Our results indicate that NETosis
does not contribute to SLE in vivo, and rather that Nox2 acts to inhibit disease pathogenesis.

Introduction
SLE is characterized by production of autoantibodies against DNA, RNA, and associated
proteins. This targeted response against nucleic acids depends on Toll-like Receptor (TLR)7
and TLR9 (1, 2). In a lupus-prone genetic background, TLR9 deletion prevents appearance
of antibodies to double-stranded DNA, while TLR7 deficiency prevents formation of
antibodies to RNA-containing antigens, such as Smith antigen (Sm) (1). Though these
discoveries demonstrated the pivotal role of nucleic acid recognition in lupus, the
predominant source of nuclear self-antigen remains unknown.

Clues have come from the observation that mutations that impair the clearance of dying cells
correlate with increased SLE pathology (3–7). Clearance defects increase the quantity of
antigen that is “visible” to the immune system, as do elevated rates of cell turnover, such as
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the increased levels of neutrophil cell death that have been reported in SLE patients (8). The
immunogenic quality of cellular debris may increase via several types of alterations. Failure
to cleave and properly dispose of DNA from apoptotic cells may create autoantigens with
which the immune system is poorly equipped to deal. Post-translational modifications,
which can be regulated by inflammatory signals, affect immunogenicity of “self” (9). In
addition, protein antigens typically associated with DNA, if cleaved by caspases or other
proteolytic enzymes, can become preferred targets of lupus autoantibodies (10, 11).

The type of death a cell undergoes affects the quality and quantity of its contents that are
available to the immune system and conditions responding cells. Apoptosis is typically
thought to be anti-inflammatory, but apoptotic cells that die and fail to be rapidly cleared
undergo secondary necrosis (12), releasing proinflammatory mediators. Pyroptosis is a
proinflammatory form of macrophage cell death in which cellular contents and IL-1β are
rapidly released (13). Necroptosis is a recently described form of RIP-kinase dependent
programmed cell death involving both reactive oxygen species (ROS) and elements of the
autophagy pathway; the implications of this mode of death for immunogenicity of self are
unknown (14). Finally, of particular relevance is a form of neutrophil cell death termed
“NETosis” in which DNA coated with antimicrobial proteins is released into the
extracellular environment, forming a neutrophil extracellular trap (NET) (15, 16). This form
of cell death has also been described in mast cells (17) and eosinophils (18), but most studies
have been carried out in neutrophils.

Neutrophils are an attractive candidate for the source of autoantigen that drives SLE
pathology. They are abundant and have a short half-life under non-inflammatory conditions.
Indeed it is estimated that in humans 109 neutrophils die each day per kg of body mass (19).
Two separate publications (20, 21) have made the observation that NET DNA delivered to
pDCs in vitro has a proinflammatory effect, resulting in the production of type I interferon
(IFN) through TLR-dependent signaling. A third group found that NETs derived from blood
neutrophils of a subset of SLE patients are protected from degradation by DNase I; such
patients had an increased predisposition to nephritis (22). These papers have attempted to
link NET formation to the source of autoantigen in lupus as well as directly to pathogenesis.
This view has gained wide acceptance (23, 24).

Stimuli that lead to NET formation in vitro include whole pathogens, Phorbol 12-myristate
13-acetate (PMA), and hydrogen peroxide (H2O2). The purpose of NET formation is
believed to be pathogen killing; however, this idea remains controversial with several groups
reporting conflicting results (15, 16, 25, 26). The details of the signaling cascade leading to
NETosis are not fully defined, but ROS production is required for NET formation.
Specifically, in the absence of ROS produced by Nox2, NETs are not generated (15, 16, 27).

We took advantage of known defective NET formation in Nox2-deficient mice, which lack
the X-linked gp91 component of the phagocyte NADPH oxidase, to directly test the
hypothesis that NETs play a key role in SLE pathogenesis. We crossed Nox2-deficient mice
to the MRL.Faslpr genetic background and assessed immune activation and target organ
damage. The MRL.Faslpr model is an ideal system in which to study this question, as it
develops rapid, severe, and genetically penetrant spontaneous lupus that meets the
diagnostic criteria defined by the American College of Rheumatology (28), including an
autoantibody profile closely matching that of human lupus; interstitial and glomerular
nephritis; and skin disease.

Contrary to expectations, in Nox2-deficient MRL.Faslpr animals we found markedly
exacerbated disease characterized by severe glomerulonephritis. Furthermore, there was a
shift in autoantibody profiles toward RNA-containing autoantigens, with the appearance of a
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cytoplasmic anti-nuclear antibody (ANA) pattern. Interestingly, nearly all of the phenotypes,
including autoantibody patterns, were evident in heterozygous females, in which 50% of
neutrophils cannot undergo NETosis. These results are surprising in light of the prevailing
hypothesis that NETs drive the anti-self response in SLE. On the other hand, our data are
consistent with anecdotal reports linking Nox2 deficiency with an increase in SLE and
autoimmunity in humans (29–31), underscoring the relevance of our results and the
applicability of the models we used.

Results
Assessment of effects of Nox2-deficiency on neutrophils

As reported for other mouse strains and humans (15, 16, 27), we confirmed that in the
absence of Nox2, neutrophils from MRL.Faslpr bone marrow failed to release DNA
following stimulation with PMA, but did release DNA in response to hydrogen peroxide, a
signaling mediator in the NETosis pathway that is downstream of Nox2 (Fig. S1A). Limited
experiments revealed no difference in the propensity of Balb/c, Balb/c.Faslpr, and
MRL.Faslpr mice to form extracellular traps, thereby excluding a major effect of the lpr
mutation on NET formation (Fig S1B). We also determined that Nox2 deficiency had no
effect on neutrophil numbers or percentages in the spleens of fully backcrossed animals (Fig
S1C).

Effects of Nox2-deficiency on spleen cell populations in lupus-prone mice
In order to determine the effect of Nox2 deficiency on the progression of SLE pathology, we
generated two cohorts of Nox2-deficient mice: an F2 cohort and a fully backcrossed cohort,
analyzed at 16 and 14 weeks of age respectively. Both the F2 cohort (Fig. S2) and the fully
backcrossed cohort had significantly increased spleen weight in Nox2-deficient males and
females (Fig. 1A). Interestingly, heterozygous female mice also had significant
splenomegaly. Nox2-deficient mice had expanded percentages (Fig. 1B) of splenic
macrophages. We observed the same trend in our F2 cohort (Fig. S2). Similarly, we saw an
increase in conventional dendritic cells in Nox2-deficient mice, which only affected females
(Fig. 1C). Heterozygous females had an intermediate phenotype that was not statistically
significant when compared to fully sufficient mice. Despite increased spleen weight in
Nox2-deficient animals, percentages of splenic plasmacytoid dendritic cells (pDCs) were
significantly reduced in Nox2-deficient female mice (Fig. 1D). There were no differences in
the percentages of activated T cells or Tregs in the spleens of Nox2-deficient animals (Fig.
1E and F).

Increased antibody forming cells (AFCs) in the absence of Nox2
By flow cytometry we defined AFCs as TCRβ−, CD19lo-int, CD44+, CD138+, intracellular
kappa+ (Fig. 2A) cells. We noted an increase in percentages (Fig. 2B) and total number (Fig.
2C) of AFCs in Nox2-deficient males and females. Heterozygous female mice also exhibited
elevated numbers of AFCs, comparable to levels seen in deficient females. Commensurate
with the flow cytometric data, we observed increases in kappa-producing AFCs, as
measured by ELISpot in male and female Nox2-deficient mice; again heterozygous females
had an intermediate phenotype though the differences did not reach significance compared
to Nox2-sufficient animals (Fig. 2D). There was a similar pattern for IgG2a AFCs, with
heterozygous females having statistically significant elevations (Fig. 2E). IgG1 AFCs were
also elevated in Nox2-deficient animals, though it reached significance only in the male
mice (Fig. 2F). There were no changes in IgM AFC numbers among the groups (Fig. 2G).
Thus, by both flow cytometry and ELISPot analysis, Nox2-deficient animals had
substantially higher frequencies and numbers of AFCs, with heterozygous females often
showing a phenotype almost as strong as the homozygous knockout mice.
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Nox2 influences the anti-self response
To determine the effect of Nox2 on the nature of the anti-self response, we characterized the
dominant ANA patterns seen in Nox2-sufficient vs. deficient mice. Plasma from Nox2-
sufficient mice produced a homogenous staining pattern (Fig. 3A, left). Homogenous
staining patterns were also produced by some Nox2-deficient mice, but a considerable
fraction of samples displayed a cytoplasmic staining pattern in both the fully backcrossed
(Fig. 3A right, 3B) and F2 cohort (Fig. S3). In addition, a fraction of plasma samples from
the Nox2-deficient animals demonstrated a speckled nuclear pattern (Fig. 3B). Neither of
these two patterns was observed as a dominant pattern in plasma from Nox2 wild-type mice.
Accordingly, cytoplasmic staining intensity was increased in Nox2-deficient males and
females relative to their sufficient counterparts, though in this case heterozygous females did
not differ from fully sufficient females (Fig. 3C). Similar results were also observed in our
F2 cohort (Fig. S3). Speckled patterns are associated with anti-RNP and Sm autoantibodies;
we assessed the latter by ELISA. Both the Nox2-deficient and heterozygous females in the
backcrossed cohort were more likely to make a high titer anti-Sm response, based on a Chi-
Squared analysis (Fig. 3D). Anti-Sm was also prominent in males and females of the F2
cohort, again with a heterozygous phenotype (Fig. S3). Anti-RNA antibodies were also
increased in Nox2-deficient males and females (Fig 3E). Again, the heterozygous females
showed significantly elevated anti-RNA antibodies as compared to fully sufficient females.
No statistically significant changes were noted in anti-nucleosome or rheumatoid factor
autoantibodies in fully backcrossed mice ( Fig. S4), nor did we see any differences in IFNα
levels (Fig S4). The shift in the nature of the ANA response and the appearance of a
cytoplasmic pattern indicates the character of the autoimmune response is altered in the
absence of Nox2. Moreover, it is particularly notable that these shifts affected heterozygous
females, arguing for a dominant effect of Nox2-deficiency.

Renal disease is increased in the absence of Nox2
Proteinuria was markedly elevated in Nox2-deficient males and females compared to
controls. As with several of the other phenotypes, there was a trend toward elevated
proteinuria in the heterozygous females though this did not reach significance compared to
Nox2-sufficient animals (Fig. 4A). Commensurate with these functional alterations, males
and females deficient in Nox2 had more severe histologic glomerular disease as compared to
Nox2-sufficient controls. In addition, heterozygous females showed increased glomerular
pathology relative to their sufficient littermates (Fig. 4B–F). Exacerbated glomerular
pathology was also observed in Nox2-deficient mice in the F2 cohort (Fig. S5). Severe
glomerulonephritis in Nox2-deficient animals was characterized by enlarged, hypercellular
glomeruli with proteinaceous deposits and surrounding fibrocellular crescent formation (Fig.
4F and Fig S5).

Discussion
The idea that NETs are a source of autoantigen that drives SLE pathogenesis has been
proposed by several groups (20–22), based on in vitro data and correlative in vivo
observations. We took advantage of NET dependence on Nox2-generated ROS to test this
novel concept in vivo, using a model of murine SLE. Contrary to the prevailing hypothesis,
we found that SLE could proceed without NET formation. In fact, disease was exacerbated
in mice lacking the ability to generate extracellular traps.

One potential concern is that, because of implicit immunodeficiency associated with Nox2-
deficiency, exacerbated disease was due to infection rather than autoimmunity. This is
unlikely for several reasons. First, and most critically, there was a significant disease
phenotype in heterozygous female mice; yet, these heterozygous mice are
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immunocompetent. Second, all experimental animals in our fully backcrossed cohort were
given continuous broad-spectrum antibiotics in specific pathogen-free housing, minimizing
the chance of clinically relevant infection. Finally, the disease that we observed, including
the increase in autoantibodies, the character of the renal pathology, and the shift in ANA
pattern toward an RNA-containing Ag were all pathognomonic of SLE and not consistent
with underlying infection.

The observation that Nox2-dependent NET generation is not a significant driver of disease
pathology is a conclusion of fundamental importance to the understanding of lupus
pathogenesis as well as the potential role of NETs. Beyond this, and equally important, the
finding that disease was markedly exacerbated highlights the unexpected regulatory role of
Nox2 and identifies Nox2 as an important target of research aimed at understanding and
ameliorating SLE. Nox2 could be playing a role in reducing pathology that is NET-
independent, NET-dependent, or both.

There are several ways that Nox2 could regulate disease pathology independent of NETosis.
One possibility is that, since the immunosuppressive enzyme IDO requires superoxide
produced by Nox2 as a cofactor for proper function, it does not function efficiently in Nox2-
deficient animals and that the lack of its suppressive properties is responsible for
exacerbated immunopathology (32, 33). However, several studies of patients with chronic
granulomatous disease (CGD), in which Nox2 activity is impaired or absent, have shown no
defects in IDO activity (34, 35). Nox2-deficiency could also promote disease by impairing
effective phagocytosis (36). In the absence of Nox2, cellular debris may be ineffectively
cleared, leading to an increase in the amount of antigen driving the anti-self response.
Finally, Nox2 has been shown to shift the balance between Treg and Th17 cells. After
fungal infection, nox2−/− B6 mice had deficient Treg and excessive Th17 cells, associated
with pathological hyperinflammation. A similar picture was also observed in B6 Nox2-
deficient mice that were reported with spontaneous arthritis (37). We found no differences in
Tregs (Fig. 1F) or IL-17 production (data not shown), arguing that such T cell shifts do not
play a large role in our system.

It is also possible that NETosis is inherently anti-inflammatory. The phenomenon is
evolutionarily conserved (38), suggesting a homeostatic function. We speculate that
NETosis is a physiological form of cell death that facilitates efficient, non-inflammatory
clearance of neutrophils. In the absence of NETosis, neutrophils may undergo a form of cell
death that is more inflammatory and which releases excessive nucleic acids and proteins,
possibly in an altered and thus more immunogenic form.

It is notable that mice heterozygous for the targeted nox2 allele had alterations in
autoantibody patterns and exacerbated nephritis similar to that seen in fully Nox2-deficient
animals. These results are particularly intriguing given that mothers of boys with X-linked
CGD show an increased predisposition to SLE (29–31), thus validating the results of our
experimental model. Because nox2 is on the X-chromosome, in heterozygotes 50% of
neutrophils cannot die via NETosis, with the Nox2-deficient fraction of neutrophils
potentially serving as a source for immunogenic self-components. The heterozygous
phenotype suggests that Nox2-deficiency acts in a dominant manner to promote disease
pathology. In particular, the alteration in autoantibody specificities, even when only 50% of
neutrophils lack Nox2, suggests that there is a shift in the nature of the autoantigen driving
the anti-self response. We thus propose that altered cell death in the absence of Nox2 leads
to an increase in immunogenic cellular debris that in turn dominantly breaks self-tolerance.

The exacerbated disease in the absence of Nox2 and NETosis implies neutrophil cell death
is an important determinant of lupus. How then might neutrophils die in the absence of
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Nox2 and what could be the consequences for quantity and quality of available autoantigen?
Caspases are inhibited by active Nox2, preventing apoptotic cell death (39, 40); hence
neutrophil apoptosis is expected to be more prominent in the absence of Nox2. In addition,
ROS inhibits serine proteases, which are abundant in neutrophil granules. This inhibition of
proteases, along with the tethering of proteases in the NET itself, may normally limit the
extracellular damage such enzymes could inflict. Rosen and colleagues were among the first
to point out that lupus autoantigens are often cleaved by serine proteases (41). When Nox2-
deficient neutrophils die, releasing more activated proteases, they may also create more neo-
and cleaved autoantigens, with enhanced immunogenicity. It is also possible that Nox2-
deficient neutrophils undergo a more proinflammatory form of cell death, such as
necroptosis or pyroptosis. Both of these can lead to more caspase activation and IL-1β
release—itself associated with SLE (42)—and both can be regulated by ROS.

Though the importance of dead cell clearance has long been recognized in SLE (4), our
work implicates Nox2 as a critically important player in protection from the immunogenic
burden of dying cells, in particular neutrophils. Further support for the importance of Nox2
comes from a recent study showing that a mutation in neutrophil cytosolic factor 2 (NCF2),
which confers substantially increased SLE risk, results in a reduction of Nox2 activity and
ROS production (43). This observation further bolsters the relevance of our results to human
disease.

Often in genetically predisposed individuals, an inciting event seems to initiate or
restimulate an anti-self response. Infections will induce Nox2 activity in neutrophils and
macrophages. As infection is associated with excess cell death, we suggest that optimal
Nox2 activity may be needed in order to prevent release of cellular material either too great
in quantity or too immunogenic in quality. Mutations that impair components of this
pathway thus could be a liability in the context of infection, and would be candidates for a
context-dependent genetic predisposition linking infection to the development of frank
autoimmune disease (44).

Materials and Methods
Mice

F1 offspring were generated by crossing Nox2-deficient with MRL.Faslpr mice, which were
then intercrossed to generate an F2 cohort. Faslpr homozygotes were analyzed for disease
pathology as described below. Fully backcrossed mice were crossed onto the MRL.Faslpr

background between 8 and 11 times. These mice were intercrossed to produce an
experimental cohort. SLE pathology was analyzed at 16 weeks for F2 mice and 14 weeks for
backcrossed mice due to severe SLE disease that limited the lifespan of the mutant animals.
Mice were housed under specific-pathogen-free (SPF) conditions and backcrossed animals
received continuous Sulfatrim. All work was approved by Yale University’s Institutional
Animal Care and Use Committee.

Evaluation of SLE pathology
Proteinuria was quantified using Albustix. Plasma was obtained by cardiac puncture. Left
kidneys were removed, bisected, formalin-fixed, paraffin embedded, and H&E stained.
Kidneys were scored for glomerulonephritis in a blinded manner by M.K. Details regarding
nephritis scoring are in the supplemental methods.

Flow Cytometry
Spleens were homogenized and red blood cells were lysed. Cells were resuspended in
Phosphate Buffered Saline (PBS) with 3% calf serum and the FcR-blocking antibody 2.4G2.
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Live/dead discrimination was performed with ethidium monozaide bromide (Invitrogen).
Surface staining antibodies are listed in the Supplemental Methods. Cells were fixed in 1%
paraformaldehyde (Electron Microscopy Sciences). A FoxP3 staining kit (eBioscience) was
used for intracellular FoxP3 staining. Data were obtained using a LSRII (BD) with FACS
DIVA software and analyzed using FlowJo.

ANA
Plasma was diluted in 6 steps and each dilution applied to HEp-2 slides (Antibodies
Incorporated) and staining detected using goat anti-mouse IgG-FITC (Southern Biotech).
The cytoplasmic and nuclear staining was scored on coded samples and endpoint titers
determined as the dilution at which the pattern disappeared, with the last pattern to disappear
being the dominant pattern. If nuclear and cytoplasmic patterns disappeared at the same
dilution, the dominant pattern was characterized as cytoplasmic. Images were acquired with
a wide-field microscope (Nikon Eclipse Ti) and a CCD camera (QImaging Retiga 2000R)
with NIS Elements software.

ELISA and ELISpot assays
Anti-Sm, anti-nucleosome, and rheumatoid factor ELISAs and ELISpot assays were
performed as previously described (2). Briefly, the anti-RNA assay was performed by
coating plates first with poly-L-lysine and after washing with 15ug/mL of RNA from S.
cerevisae (Sigma). Plates were blocked with PBS with 1% BSA and 0.05% sodium azide
and serially diluted plasma was applied. Anti-RNA antibody in plasma was detected with
goat anti-mouse IgG-AP (Southern Biotech). The anti-IFNα ELISA was performed by
coating Immulon-4 plates with rat anti-mouse IFNα PBL Labs). Plates were blocked as
above and plasma was applied at a 1:4 dilution. After washing, IFNα was detected with
rabbit polyclonal anti-mouse IFNα (PBL Labs) and goat anti-rabbit IgG-AP (Southern
Biotech).

Statistics
Statistical analysis was performed using Prism. Bar graphs display the means of at least 5
mice per group. Error bars indicate standard error of the mean unless otherwise specified in
the figure legend. Scatter plots display the medians of each group. Each dot in a scatter plot
corresponds to one mouse. Statistical tests used are listed in the captions of each figure.

*indicates p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Increased spleen weight and expanded myeloid compartment in Nox2-deficient mice. (A)
Spleen weight in grams as a function of nox2 genotype and sex (B–D) FACS analysis of
percentage of CD11b+, F4/80+, Gr1int-lo macrophages (B), MHC II+, CD11c+ conventional
dendritic cells (C), and Bst+, SiglecH+, pDCs (D) in the spleens of mice with the indicated
genotype, reported as percentage of live. (E–F) FACS analysis of CD44+, CD62L−,
activated CD4 T cells (E), and CD25+, FoxP3+ T cells (F) in the spleens of mice with the
indicated genotype. Percentages are reported as a percentage of CD4+, TcRβ+ cells.
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Statistical analyses were performed with the one-tailed Mann Whitney test. Five or more
mice were analyzed per genotype at 14 weeks of age.
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Fig. 2.
Increased antibody forming cells in the absence of Nox2. (A) Gating strategy for AFCs in
the spleen. Cells were initially gated on live, TcRβ− cells. CD44+ CD138+ cells (left) were
then gated on intracellular kappa+ (right) to identify AFCs. (B–C) FACS quantification of
TcRβ−, CD19low-int, CD44+, CD138+ intracellular kappa+ cells as a function of genotype for
both percentage of live (B) and total numbers (C) in the spleen. (D–G) AFCs per spleen as
determined by ELISPOT for IgK (D), IgG2a (E), IgG1 (F), and IgM (G). Statistical
analyses were performed with the one-tailed Mann Whitney test. Five or more mice were
analyzed per genotype. Mice were analyzed at 14 weeks of age.
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Fig. 3.
Altered anti-self response in the absence of Nox2. (A) Representative ANA staining patterns
from plasma of Nox2-sufficient (left) and Nox2-deficient animals (right). (B) Dominant
ANA pattern quantitated for each genotype by dilution. (C) Intensity of cytoplasmic HEp-2
staining quantitated for each genotype by the dilution at which the dominant pattern
disappeared. Statistical analysis was performed with the one-tailed Mann-Whitney test. (D–
E) ELISA assessment of Anti-Sm antibodies (D) and anti-RNA antibodies (E) in the plasma
of fully backcrossed mice of the indicated genotype. A one-tailed Chi-Squared test was used
to determine statistical significance. Threshold positivity (indicated by dashed line) was set
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at 25,000 AU for Anti-Sm (D) or 8,000 AU for Anti-RNA (E). Samples were taken from 14-
week old mice.
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Fig. 4.
Increased renal disease in the absence of Nox2. (A) Proteinuria was assessed using Siemens
Albustix(R). (B) Glomerulonephritis was scored blindly by M.K. on a scale of 1 to 6, and is
represented as a function of Nox2 genotype in backcrossed mice. (C–F) Example of a Nox2-
sufficient kidney (C and D) and deficient kidney (E and F) at 4X (left panels) and 10X
magnification (right panels). Proteinuria assessment and histological analysis was performed
on mice that were 14 weeks of age.

Campbell et al. Page 16

Sci Transl Med. Author manuscript; available in PMC 2013 October 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


