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Abstract

Objectives—Genome-wide association studies have connected PAD/4, encoding
peptidylarginine deiminase 4 (PADA4), with rheumatoid arthritis (RA). PAD4 promotes neutrophil
extracellular trap (NET) formation. We studied Padi4 origin and NETSs in an arthritis model in
C57BL/6 mice.

Methods—To permit the effective use of C57BL/6 mice in the collagen-induced arthritis (CI1A)
model, we introduced the administration of granulocyte colony-stimulating factor (G-CSF) for
four consecutive days in conjunction with the booster immunization on day 21. The model
evaluated global (Padi4'~) and hematopoietic lineage-specific (Padi4VAICre+) pagdi4-deficient
mice.

Results—G-CSF significantly increased the incidence and severity of arthritis in CIA. G-CSF-
treated mice showed elevated citrullinated histone H3 (H3Cit) in plasma while vehicle-treated
mice did not. Immunofluorescent microscopy revealed deposition of H3Cit in synovial tissue in G-
CSF-treated mice. Padi4™'~ mice developed less arthritis, demonstrating lower serum interleukin 6
and plasma H3Cit, less citrullinated histone H4 in synovial tissue, and less bone erosion observed
by micro-computed tomography than Padi4'’* mice in the G-CSF-modified CIA model. Similarly,
Padli4VavICre+ mice developed less arthritis compared with Padi4™ mice, and presented the same
phenotype as Padi4™~ mice.

Conclusions—We succeeded in developing an arthritis model suitable for use in C57BL/6 mice
that was fully compliant with high animal welfare standards. We observed an over 90% incidence
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of arthritis in male mice and detectable NET markers. This model, with some futures consistent
with human RA, demonstrates that hematopoietic PAD4 is an important contributor to arthritis
development and may prove useful in future RA research.
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Rheumatoid arthritis (RA) is a chronic systemic inflammatory autoimmune disorder
characterized by persistent joint inflammation resulting in cartilage and bone damage,
disability, and systemic complications. One hallmark of RA is the presence of
autoantibodies to citrullinated proteins. Genome wide association study (GWAS) on RA
patients demonstrated an association with 2AD/4 encoding peptidylarginine deiminase 4
(PAD4). (1)

PAD4, an enzyme that converts positively charged arginine to neutral citrulline and thus
modifies immunological epitopes and protein function. PAD4 plays a role in releasing
neutrophil extracellular traps (NETS) by citrullinating histones, which leads to the
decondensation of chromatin. (2)

Padi4 deficiency alleviates arthritis and autoantibody production in inflammatory arthritis
induced in tumor necrosis factor a-overexpressing mice, (3) collagen-induced arthritis (CIA)
in DBA/1 mice, (4) and glucose-6-phosphate isomerase-induced arthritis in DBA/1 mice.

(5) However, Padi4 deficient mice in the K/BxN serum transfer arthritis model showed an
absence of NETS, but did not demonstrate the amelioration of arthritis /n vivo. (6) These
inconsistent results suggest the effect of Padi4 may depend on particular the murine model,
more specifically whether NET-dependent or NET-independent pathways are essential.
Thus, further evaluation of the contribution of Padi4to a murine arthritis is needed in a
manner that meets current animal welfare criteria.

We hypothesized that the effects of Padi4 observed in the CIA murine arthritis model are
dependent on NETSs, and more specifically hematopoietic cell-associated Padi4. Because we
had Padi4-deficient mice on a C57BL/6 background, we aimed to induce arthritis using the
collagen-induced arthritis (CIA) model in that strain. However, the susceptibility to CIA

is linked to specific MHC class Il genes (7) and C57BL/6 is not a highly susceptible

strain for CIA. Despite attempts to improve the protocol, CIA in C57BL/6 mice is
associated with a lower disease incidence and severity and more variability than seen in
more susceptible strains such as DBA/1. (8) Additionally, concerns of animal welfare,
including pain and distress in mice, made it impossible for us to use the original CIA
protocol. (9) Specifically, the use of complete Freund’s adjuvant (CFA) including heat-killed
Mycobacterium tuberculosis in the booster immunization is not allowed in most institutions.
(7) Therefore, we sought to develop a novel murine arthritis model on C57BL/6 background
to address our hypothesis using two strains of genetically-engineered mice.

Arthritis Rheumatol. Author manuscript; available in PMC 2023 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fukui et al.

Page 3

MATERIALS AND METHODS

Animals

Wild type C57BL/6 mice were bred in-house. Padi4~'~ mice were originally generated by
Y. Wang (10) and back-crossed with C57BL/6J. They were bred in-house and littermates
derived from heterozygous-by-heterozygous crosses. Padi4™ mice (stock no: 026708),
previously described by Hemmers et al. (11), and Vavi-iCre mice (stock no: 008610) were
purchased from Jackson Laboratory and intercrossed to generate mice lacking Padi4in the
hematopoietic lineage (Padi4"@1Cre*) following a female Cre + (carrier) and male Cre —
(non-carrier) breeding strategy recommended by Joseph et al. (12) The abrogated Padi4
expression in Padi4vavICrd*+neytrophils was confirmed in our previous study. (13) All mice
were housed in the animal facility of Boston Children’s Hospital and were kept free from
specific pathogens. Experimental protocols were approved by the Institutional Animal Care
and Use Committee of Boston Children’s Hospital (Protocol number: 20-01-4096R).

Collagen-induced arthritis and evaluation of arthritis

Male mice aged 8- to 12-weeks-old were immunized with the emulsion of complete
Freund’s adjuvant (CFA, catalog number: 7023, Chondrex, Redmond, WA) and 100ug of
chicken type 1l collagen (ClI, catalog number: 20012, Chondrex) in a 1:1 mixture (total
100ul) intradermally into the base of the tail on day 0. The booster immunization of

ClIl with incomplete Freund’s adjuvant (catalog number: 7002, Chondrex) was performed
intrademally in a site proximal to the first injection site on day 21. The severity of arthritis
was evaluated using the following clinical scoring system for each limb: 0, normal; 1,
swelling in one finger joint; 2, swelling in more than one finger joint or wrist or ankle joint;
3, swelling in the entire paw; and 4, deformity and or ankylosis. The maximum score was 16
per mouse. Two evaluators (one knew the group allocation, the other did not) independently
scored arthritis and arrived at agreements on final scorings.

Administration of granulocyte-colony stimulating factor (G-CSF)

Recombinant human G-CSF (Filgrastim, Neupogen®, Amgen, Inc., Thousand Oaks, CA)
was injected at 10 pg peritoneally once daily from day 20 to day 23. Sterile saline was used
as the vehicle control.

Immunofluorescence microscopy

The sections were fixed in zinc fixative (100 mmol/L Tris-HCI, 37 mmol/L zinc chloride,
23 mmol/L zinc acetate, 3.2 mmol/L calcium acetate), permeabilized with 0.1% Triton-
X and 0.1% sodium citrate for 10 minutes at 4°C, blocked with 3% BSA in PBS

with 0.05% Tween-20 at room temperature for an hour, and incubated with primary
antibodies against H3Cit (1:1,000, catalog number: ab5103, Abcam, Cambridge, MA),
Ly6G (1:500, catalog number: 551459, BD Pharmingen, San Jose, CA), at 4°C overnight.
After washes, the sections were incubated with appropriate Alexa Fluor-conjugated
secondary antibodies (1:1,500, catalog number: A-21206 (anti-Rabbit, Alexa Fluor 488)
and A-21434 (anti-Rat, Alexa Fluor 555), Life Technologies, Carlsbad, CA) for 2 hours
at room temperature. Hoechst 33342 (1:10,000, catalog number: H3570, Invitrogen) was
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used to counterstain DNA. Images were obtained with a Zeiss Axiovert 200M wide-field
fluorescence microscope (Zeiss, Oberkochen, Germany) with the Zeiss AxioVision software.

Statistics

Data were described with the median and interquartile range (IQR) for quantitative
variables. We assessed the association between variables using Wilcoxon rank-sum test for
quantitative variables. For the evaluation of the changes of plasma dsDNA and H3Cit, we
used Wilcoxon signed rank test. The cumulative incidence of arthritis was estimated with the
Kaplan-Meier method and log-rank test. The Bonferroni correction was used for the multiple
comparison. All tests were two-sided, and a p-value < 0.05 was considered significant. All
statistical analyses were performed using GraphPad Prism ver. 7.0 (GraphPad Software, San
Diego, CA, USA).

See supplementary description on enzyme-linked immunosorbent assay (ELISA), double-
stranded DNA measurement, micro-computed tomography (Micro-CT), histological
evaluation, and immunoblotting.

RESULTS

We tested the CIA model on C57BL/6 mice. In the original protocol, the collagen-induced
arthritis model needed two injections of the emulsion of type 11 collagen (CIl) and complete
Freund’s adjuvant (CFA) on C57BL/6 mice. (9) However, the use of the second injection of
CFA is not allowed in most institutions (7) including Boston Children’s Hospital because

of the pain and distress to mice. Therefore, we used one injection of the CIl with CFA

on day 0 and one injection of the CII with incomplete Freund’s adjuvant on day 21

(Figure 1A). Previous studies using this protocol reported 0% (14) to 50-80% of arthritis
incidence. (15) In our hands, no wild-type mice developed arthritis on this protocol (data not
shown). We hypothesized that priming neutrophils by granulocyte colony-stimulating factor
(G-CSF) would induce arthritis because G-CSF primes neutrophils to induce NETs (16) and
exacerbates arthritis in CIA in DBA/1 mice. (17) We administered G-CSF for 4 consecutive
days around the second ClI injection (Figure 1A). Eleven out of 12 mice developed

arthritis in G-CSF-treated mice while vehicle-treated mice did not (Figure 1B, Mice treated
with G-CSF only did not develop arthritis, not shown.). G-CSF increased neutrophils in
peripheral blood approximately two fold (Supplementary Figure 1A). G-CSF-treated mice
showed higher serum levels of interleukin 6 (IL-6) on day 56 compared with vehicle-treated
mice (Figure 1C, left panel). Because C57BL/6 mice produce 1gG2c antibodies instead of
IgG2a antibodies (9), we measured serum anti-Cll 1gG2c antibody along with anti-Cll 1gG
antibody; there was no difference between vehicle- and G-CSF-treated mice (Figure 1C,
center and right panels). We measured plasma levels of double-stranded DNA (dsDNA)

and citrullinated histone H3 (H3Cit) as NET biomarkers on day 22. G-CSF-treated mice
showed higher plasmas levels of NET markers compared with vehicle-treated mice (Figure
1D). When evaluated histopathologically, G-CSF-treated mice showed expansion of synovial
tissue in the joint space while vehicle-treated mice exhibited no such expansion (HE stain,
Figure 1E). Immunofluorescence microscopy revealed lesions positive for H3Cit and Ly6G
(a mouse neutrophil marker) with DNA within the joint space and on the joint surface in
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G-CSF-treated mice (Figure 1F). In contrast, vehicle-treated mice showed no lesion with
H3Cit, Ly6G, and DNA. Finally, we sought to detect serum anti-H3Cit antibodies that

exist in sera of RA patients as one of the anti-citrullinated protein antibodies (ACPA).

(18) ELISA detected anti-native H3 antibodies and anti-H3Cit antibodies in serum in both
G-CSF-treated and vehicle-treated mice (Supplementary Figure 1B). When the relative value
of anti-H3Cit antibody to anti-native H3 antibody was calculated, G-CSF-treated mice
showed a significantly higher anti-H3Cit antibody/anti-native H3 antibody ratio than the
vehicle-treated mice (Figure 1G).

Based on data revealing enrichment of citrullinated histones, we sought to investigate

the contribution of PAD4 in the process. We induced arthritis on littermate Padi4*'* and
Padi4'"mice in the G-CSF-modified CIA model (Figure 2A). Padi4 deficiency reduced
arthritis incidence and severity (Figure 2B). Padi4~'~ mice had reduced serum IL-6 and
anti-Cll 1gG antibody on day 56, but comparable anti-Cll 1gG2c antibody levels (Figure
2C). Padi4™~ mice showed reduced increase of plasma dsDNA and H3Cit from day 20 to
day 22 (Figure 2D). When evaluated by micro-computed tomography (micro-CT), fewer
areas of the eroded surface of bones were observed in Padi4™'~ mice (Figure 2E). HE
staining of ankle joint inflammation (exudate and infiltrate) revealed Padi4 '~ mice had less
severe arthritis phenotype compared with Padi4*’* mice (Figure 2F). Immunofluorescence
microscopy revealed lesions positive for H3Cit and Ly6G, and DNA within the joint

space and on the bone surface in Padi4*’* mice but not in Padi4™~ mice (Figure 2G).
Synovial tissue from Padi4~ mice contained less MPO and H4Cit compared with that
from Padi4*™* mice (Figure 2H). Padi4'~ mice also demonstrated a significantly lower
anti-H3Cit antibody/anti-native H3 antibody ratio compared with Padi4"'* mice. (Figure 2l
and Supplementary Figure 1C).

Fibroblasts are main constituents of synovial tissue of RA and their origin possibly

consists of resident fibroblasts, pericytes, and mesenchymal stem cells. (19) Because
fibroblast-like synoviocytes from RA patients express PAD4, (20) the origin of PAD4 is of
interest. To address this issue, we used hematopoietic lineage-specific Padi4 knockout mice
(Padi4VavICrel+) in G-CSF-modified CIA. We confirmed that Paqi4VaICTe+ had comparable
Padi4 RNA expression to Padi4™ in organs (Supplementary Figure 2A). Additionally, we
confirmed the Padi4 protein expression in peripheral blood and the absence of Padi4 protein
expression in endothelial cells of the aorta (Supplementary Figure 2B) because Vavi-iCreis
expressed in endothelial cells (12).

Padli4VavICrel+ mice had reduced arthritis incidence and severity compared with littermate
Padi4™" (Figure 3A). Padi4V@vICré* mice had reduced serum IL-6; however, they had
comparable serum levels of anti-Cll 1gG antibody and anti-Cll 1gG2c antibody on day 56
(Figure 3B). An increase in plasma dsDNA and H3Cit from day 20 to day 22 was detected
in Padi4™f but not in Padi4vavICre+ mice (Figure 3C). Padi4VavICre* mice showed fewer
areas of the eroded bone surface in the micro-CT compared with Padi4™" (Figure 3D).
Immunofluorescence microscopy revealed lesions positive for H3Cit and Ly6G, and DNA
within the joint space and on the bone surface in Padi4™ mice but not in Padl4VaviCre+
mice (Figure 3E). Padi4VavICré*mice showed significantly reduced inflammation on the
joint tissue, which was significant when semi-quantified (Figure 3F). Synovial tissue from
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Padi4VavICre*mice contained less MPO and H4Cit compared with that from Padi4™ mice
(Figure 3G). Padi4Vav1Crd*mice also displayed a lower anti-H3Cit antibody/anti-native H3
antibody ratio compared with Padi4” mice (Figure 3H and Supplementary Figure 1D).
DISCUSSION

There are conflicting data on the susceptibility of C57BL/6 mice to CIA ranging from no
incidence (14) and less severity (21) to 50-80% incidence with mild severity. (15) Even

in the well-known protocol, the authors described variability. (15) Pepsin used to prepare
homemade collagen was reported to be strongly immunogenic and essential for arthritis
development. (8) This may be one of the reasons for variability in incidence and severity in
the model.

G-CSF-modified CIA model demonstrated reliably high arthritis incidence (90-100%)

and severity suitable to compare different treatment groups. This model is considerate of
animal welfare and acceptable to Institutional Animal Care and Use Committees (IACUCs).
Additionally, in contrast to previous protocol of CIA on C57BL/6 mice using homemade
collagen (15), our protocol uses commercially available collagen.

The presence of anti-Cll antibody is thought to correlate with the development of arthritis.
(7) However, G-CSF-treated mice presented comparable levels of anti-Cll IgG and 1gG2c
with vehicle-treated mice. This suggests the production of anti-Cll 1gG is not sufficient

to develop arthritis in G-CSF-modified CIA and other factors induced by G-CSF must be

important.

Our G-CSF-modified CIA model has interesting features. The detection of H4Cit in synovial
tissue is consistent with the detection of citrullinated H4 bound to ACPAs in RA synovial
fluid. (22) Additionally, serum anti-H3Cit antibody mimics RA because it is detected in

RA patients. (18) NETSs are the likely origin of the citrullinated proteins in RA. (23)

These features are helpful to study the relationship between citrullinated antigens and
autoantibodies in RA.

The importance of G-CSF in arthritis has been shown in both clinical and basic studies.
There are several case reports of G-CSF exacerbating RA (24) and a clinical study to
demonstrate RA flares after filgrastim (G-CSF) administrations. (25) In a mouse study,
injection of G-CSF exacerbated the severity of arthritis in CIA in DBA/1 mice. (17) Our
results that the G-CSF-modified CIA causes arthritis accompanied with NET biomarkers
in plasma and synovial tissue is a novel insight to consider the mechanism of effects of
G-CSF on arthritis as well as the effects of G-CSF on neutrophil elevation. We show that
the effect of G-CSF is primarily through PAD4 as Padi4™'~ mice and Padi4Vav1Cre+ mice
are significantly protected from G-CSF-modified CIA. G-CSF might promote neutrophil
priming for NET formation and PAD4-dependent NETS could act as an adjuvant in arthritis.
The remaining arthritis enhancing effect of G-CSF may be on blood cells other than
neutrophils, other citrullinating enzymes, or non-citrullination processes.

This study has some limitations. We need to consider the influence of Padi4 expressed not
only in neutrophils but in monocyte and macrophages in the pathogenesis of this model.
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Additionally, in our study, most sera from mice reacted with native H3 peptides more than
H3Cit peptides, although ACPAs bind the citrullinated peptides much more than native
peptides in RA patients. Therefore, there is only a limited pathological meaning of the
anti-H3Cit antibody in this study, and controversies on detecting ACPAs in mouse arthritis
models (26) should be considered. Although our G-CSF-modified CIA model has some
features seen in human RA, we need to be aware of the differences of characteristics
between human RA and this model. Another limitation is that we used only male mice in
this study, whereas RA is seen predominantly in females. In a preliminary study, we found
an arthritis incidence of 60% in female mice in this model (Supplementary Figure 3), thus
likely the model could be adapted to females in the future.

In conclusion, we have demonstrated that G-CSF administration around the time of

the booster collagen immunization significantly improves the CIA model in C57BL/6

mice with a greater than 90% incidence of arthritis, accompanied by markers of NET
formation in plasma and synovial tissue. Importantly, this model addresses previous animal
welfare standards concerns. Finally, we determined that hematopoietic cell-associated PAD4
promotes arthritis development in the G-CSF-modified CIA model. This model may prove
to be of value in future RA research and the development of drugs targeting this disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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mice and G-CSF-treated mice (n=12:12). For arthritis severity, each line shows a mean
with a 95% confidence interval. The severity scores on each day were used for Wilcoxon
rank-sum test (*: p < 0.05). C: Serum IL-6 and serum anti-collagen IgG and 1gG2c antibody
on day 56 (n=12:12). D: Plasma levels of double stranded DNA (left) and citrullinated
histone H3 (right) on day 22 (n=12:12). E: Representative images of hematoxylin-eosin
(HE) stains using ankle joints (*: Expansion of synovial tissue seen only in G-CSF-treated
mice, scale bar = 500um). F: Representative images of immunostaining of Ly6G and H3Cit
of ankle joints. (JS: Joint space, *: Synovial tissue, scale bar = 100um) G: The comparison
of ratio of anti-H3Cit antibody and anti-native H3 antibody calculated from ELISA optical
density values in vehicle-treated mice and G-CSF-treated mice (n=10:10:4, vehicle-treated
mice, G-CSF-treated mice, untreated mice).

Arthritis Rheumatol. Author manuscript; available in PMC 2023 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Fukui et al.

Page 11

A B < 100% 10, = Padid®*

= 100 ~ Padid** - Padi”
8 ~ Padid” g
Day 0 Day 21 Day 56 o} 3
CIHCFA ClI+IFA Euthanize 2 )
T r b N
Day 20-23 8 £
G-CSF (10pg/mouse) 1:: p=0.0032 <
I 0
20 30 40 50 30 40 50
Time after the induction (days) Time after the induction (days)

c ~ D “ioo6: o ke B
150, P=00003 3 p=00471 3 p=0.1245 Sio00] T P p Y b A
3 = Ea0 s20 T g E 207p=0016¢
£ 2 I 2 s °
10 601 . ¢ S < 600 Sis
P ] . = . H 8
2 . g0 . E’."n T . 2 400 Z 40
£ ; . 5 H ]

2 2] J gos| ¢ T § 20 205
] 2 o 2 . & p=00327 &
F & < LT = oo 2
q’& ?.36\ ?05\ ?bs\ < & ?05 Time after the induction (days) Time after the induction (days)
E
.
$
3
50, P=0.0286 3
° — < 23
fool 2 : §
5ol
fEo T F g
€t E 1
) 510 .=§
s % o % £,
g~ & 8
Q? Q
Padid** Padid*

H3Cit Ly6G DNA H3Cit Ly6G DNA

Padi4**

Padi4”

= [ =0.0073
EDKD_ ™ MPO § 15 =
15kD| E
O e .- H4cit I
- 5
0t e e | o [GPDH g
30kD| 2
£
= £ <
_oe P 00079 15, P=00079
FI0) . Iz
zz g
g 504 i g 510
oF eF
o 25
£502 —f. G2 05
=z . Iz
0. 0.
" ’ . :
5 s\ﬁ &s\ 5\&
L L

Figure 2. Comparison of Padi4*/* and littermate Padi4 ™/~ in the G-CSF-modified CIA model
A: Injection schedule. B: Arthritis incidence (left) and severity (right) of Padi4*’* and

Padi4™'~ (n=9:14). For arthritis severity, each line shows a mean with a 95% confidence
interval. The severity scores on each day were used for Wilcoxon rank-sum test (*: p <
0.05). C: Serum IL-6 and serum anti-collagen 1gG and IgG2c antibody on day 56 (n=9:14).
D: The changes of plasma levels of double stranded DNA (left) and citrullinated histone
H3 (right) from day 20 to day 22 (n=9:14). The difference in change of value from day

20 to day 22 were used for Wilcoxon signed-rank test. E: Representative images of micro-
CT of ankle joints (left) and quantification of eroded surface of joints (right, n=4:4). F:
Representative images of HE stains using ankle joints and determination of inflammation
in HE stains (left) by scale of 0 (no inflammation) to 3 (severe inflamed joint) depending
on the number of inflammatory cells in the synovial cavity (exudate) and synovial tissue
(infiltrate) determined blindly of genotype (right, n=9:14) (*: Proliferated synovial tissue.
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scale bar = 500um). G: Representative images of immunostaining of Ly6G and H3Cit

of ankle joints (JS: Joint space, *: Synovial tissue, scale bar = 100um). H: The blot

of synovial tissue (n=5:5) for MPO, H4Cit, and GAPDH (upper, MW: molecular weight
marker, rH4Cit: recombinant H4Cit as a positive control) and quantification by densitometry
(lower, relative expression to GAPDH). * and ** indicates the same samples, respectively. I:
The comparison of ratio of anti-H3Cit antibody and anti-native H3 antibody calculated from
ELISA optical density values in Padi4** mice and Padi4™'~ mice (n=8:12:4, Padi4**mice,
Padi4™~ mice, untreated mice).
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Figure 3. Padi4’/!l and littermate Padi4Vav1Cre* iy G-CSF-modified CIA model
A: Arthritis incidence (left) and severity (right) of Padi4™ and Padi4Vav1Cre* (n=10:10)

treated as in Figure 2A. For arthritis severity, each line shows a mean with a 95% confidence
interval. The severity scores on each day were used for Wilcoxon rank-sum test (*: p <
0.05). B: Serum IL-6 and serum anti-collagen IgG and 1gG2c antibody on day 56 (n=10:10).
C: The changes of plasma levels of double stranded DNA (left) and citrullinated histone

H3 (right) from day 20 to day 22 (n=10:10). The difference in change of value from
day 20 to day 22 were used for Wilcoxon signed-rank test. D: Representative images of
micro-CT of ankle joints (left) and quantification of eroded surface of joints (right, n=4:4).
E: Representative images of immunostaining of Ly6G and H3Cit and HE stains using
ankle joints (JS: Joint space, *: Proliferated synovial tissue, scale bar = 100um). F: The
determination of inflammation in HE stains by scale of 0 (no inflammation) to 3 (severe
inflamed joint) depending on the number of inflammatory cells in the synovial cavity
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(exudate) and synovial tissue (infiltrate) determined blindly of genotype (n=10:10). G: The
blot of synovial tissue (n=4:4) for MPO, H4Cit, and GAPDH (upper, MW: molecular weight
marker, rH4ACit: recombinant H4Cit as a positive control) and quantification by densitometry
(lower, relative expression to GAPDH). * and ** indicates the same samples, respectively.
H: The comparison of ratio of anti-H3Cit antibody and anti-native H3 antibody calculated
from ELISA optical density values in Padi4™f mice and Padi4Vav1Cré* mice (n=10:10:4,
Padi4™ mice, Padi4VavICre* mice, untreated mice).
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