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ABSTRACT

Rheumatoid arthritis (RA) is a chronic, progressive autoimmune disease with a global prevalence of 0.24%-1%,
requiring early diagnosis and aggressive treatment. It is associated with synovial and cartilage destruction. This
study is designed to investigate the evaluation of anti-acetylated peptide antibodies (AAPA), acetylated lysine peptide
antibodies (AcLys,), anti-acetylated ornthinine peptide antibodies (AcOrn), liver function test, and body mass index
(BMI) in Rheumatoid arthritis patients. One hundred-ten RA patients (86.36% female, 13.63% male) in comparison with
forty healthy controls. Anti-acetylated- peptide Antibodies (AAPA), Anti-acetylated Lysine peptide Antibodies (AcLys),
Anti-acetylated-ornthinine peptide Antibody (AcOrn) were determined by Enzyme Linked Immunosorbent Assay (ELISA)
and liver function levels were used to measure by spectrophotometer in the serum of RA patients and healthy controls.
The mean=SE of age in patients and healthy controls were 51 0.89 years and 49 1.48 years respectively. According to
treatment, the patients of the study were divided into three subgroups [biology treatment (bDMARDS), conventional
treatment (cDMARDSs) subgroup and combined (DMARDs) subgroup]. The mean SE of AAPA in RA patients and healthy
controls were 51.05 5.613 ng/mL and 19.98 3.29 ng/mL respectively. Results showed there was a significant increase
between all subgroups of AAPAs (p < 0.001), AcOrns (p < 0.001) and AcyLs (p < 0.001) as compared to healthy
control whereas there were no significant differences in AAPA between subgroups with each other’s. While AcOrns
levels showed a significant increase in chemotherby as compared to biology subgroup (p < 0.0149), in addition
levels of AcLys showed a significant increase in biology subgroup and biochemistry as compared to chemotherapy
subgroups.

Keywords: Anti-acetylated-peptide antibodies, Anti-acetylated lysine peptide antibodies, Alkaline phosphatase, Body mass
index, Inflammation, Rheumatoid arthritis (RA), Synovial

Introduction vere inflammation of the joints that can result in pain,

Rheumatoid arthritis (RA) is among the most
important chronic diseases that can cause joint de-
struction with variable clinical symptoms especially
in the adulthood which characterized by mild to se-

dryness and joint destruction and disability.? Age,
gender, genetics and contact with the environment
are all risk factors for rheumatoid arthritis. *>* Autoan-
tibodies against post-translationally changed proteins
are a defining feature of rheumatoid arthritis and
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associate with disease progression and various classes
of anti-modified protein antibodies (AMPAs) have
been identified in RA for various protein mod-
ifications like citrullination, carbamylation, and
acetylation.® Acetylation of lysine residues is a
post-translational protein modification (PTM) that
is normally mediated by lysine acetyltransferase
(Kynurenine aminotransferase isozymes (KATs)) but
can also occur non-enzymatically in mitochondria
that it may play an important role in the patho-
physiology of RA by generating antibody response. ®
Cells have 3600 lysine acetylation sites in 1750 pro-
teins, that a key regulatory mechanism, epigenetic
processes and regulation of protein stability and in-
teractions in all eukaryotic organisms.” At present
anti-acetylated protein antibodies (AAPA), Anti-
acetylated Lysine peptide Antibodies (AcLys) and
Anti-acetylated-ornthinine peptide Antibody (AcOrn)
challenged the concept of seronegative RA, putting
forward the hypothesis that the diagnostic gap can
be closed or at least partially covered.® AAPA rec-
ognizes epitopes where certain lysine residues have
been enzymatically changed to bear an acetyl group.
AAPA is common in 35% of individuals with early
arthritis, IgG and IgA antibodies and 40% are shown
to have pre-existing anti-acetylated protein antibod-
ies (AAPA) against an acetylated vimentin peptide,
mostly restricted to the ACPA-positive subgroup.®
Asymptomatic abnormal liver tests are the most
common manifestation of RA-related liver injury.®
Cirrhosis can develop from liver injury on rare oc-
casions. Patients with RA are more likely to develop
an autoimmune liver disease. ®'° Rheumatology med-
ications are frequently hepatotoxic, and rising levels
of cytokines such as interleukins (IL-10, IL-17) can
be found in the synovium of RA patients, which
play an essential role in chronic liver illnesses and
are also related with disease progression.'!? Body
mass index (BMI)-measured excess body weight has
been linked to a number of autoimmune and in-
flammatory disorders, and adipose tissue is thought
to have a role in modulating physiological and
pathological processes related to inflammation and
immunity. '3

Materials and methods

A total of 110 RA patients with mean age of pa-
tients 51 + 0.89 years, and the predominant age
category was 36-65 years (95 females and 15 males),
and 40 healthy controls (28 females and 12 males)
matched in age and sex to the patients. Across
sectional study was carried out at Rheumatology Con-
sultation Clinic, Baghdad Teaching Hospital between
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September 15, 2022, and March 25, 2023.Female
gender was greater than male gender (86.36% fe-
male and 13.7% male), with a female: male ratio
of 5:1. Diagnosis, treatment, and follow-up of all
patients were performed in this clinic and Young
individuals, or individuals with a history of disabil-
ity, psychological and mental diseases, malignant
tumors, autoimmune diseases were excluded from the
study. According to the kind of treatment (methotrex-
ate, etanercept, and prednisolone), the patients were
divided into three subgroup: (1) biological treat-
ment subgroup (consisted of thirty-eight patients on
the bDMARDs treatment), (2) conventional cDMARD
subgroup (thirty-eight patients received MTX) and (3)
combined DMARD subgroup (thirty-four patients had
received biology and chemotherapy).

Venous blood of about 3-5 mL was taken from
rheumatoid arthritis patients and control volunteers;
it was collected in a gel tube. After centrifugation
for 10 minutes at 5000 rpm to separate serum,
which was distributed into Eppendorf tubes and kept
frozen at -20°C until analyzed, the serum of RA
patients and controls were assessed for the level
of AAPA. AcOrns and AcLys using commercially
available kits (SunLong Biotech Kit, China) by Sand-
wich Enzyme-Linked Immunosorbent Assay (ELISA)
(Biorad,Germany) Liver function tests (ALT, AST,
and ALP) were carried out by commercial kits (Bi-
olab, USA) and measured by a spectrophotometer
(CECELL 3000). The study collected venous blood
from rheumatoid arthritis patients and control vol-
unteers. The serum was analyzed for AAPA, AcOrns,
AcLys, and liver function tests (ALT,AST,ALP). The
BMI was calculated using the equation BMI =
[weight/height2 (kg/m?)].

Statistical analysis

The data was analyzed using SPSS-V26, with para-
metric data provided as means + standard error. Age,
gender, and differences between patients and control
were compared using independent samples T test.
Serum AAPAs, AcOrns, AcLys, and liver function test
levels were compared between RA subgroup patients
and healthy control. The level of statistical signifi-
cance was calculated at 0.05.

Results and discussion

In this study, 110 RA patients (95 female and
15% male,) were compared to 40 healthy controls.
Patients ranged in age from 50 to 59 years old on
average. Female gender outnumbered male gender
(5:1) are shown in Table 1.
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Table 1. Demographic characteristics of RA patients.

Patients n = 110

Characteristics Mean (min-max)
Age (years) 51 (36-75)
BMI(kg/m?) 32 (22-47)
ALT(U/L) 23 (5-147)
AST(U/L) 23 (9-112)
ALP (IU/L) 110 (36-204)
Gender

Male 15 (13.7%)

Female 95 (86.36%)
Treatment

Biology 38 (34.5%)

Chemotherapy 38 (34.5%)

Biochemotherapy 34 (30.9%)

ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase,
BMI: Body mass index ALP: Alkaline phosphates.

Table 2 summarizes all anthropometric information
collected from patients and controls; the age range
was (51 + 0.89) and (49 + 1.48) for patients and con-
trols, respectively. Body mass index measurements
show a high significant difference (P = 0.0005) be-
tween patients (32.9 £ 0.45) and the control group
(30 £ 0.6). Whereas there were highly significant
differences in [ALT (P = 0.02), AST (P = 0.02), and
ALP (P = 0.0001)] levels in RA patients in comparison
to healthy controls.

Table 2. Comparisons of multiple parameters between RA
patients and healthy control.

Healthy control ~ RA Patients
Parameters mean + SE mean £ SE P-value
Age (years) 49 4 1.480 51 + 0.89 0.23
BMI (kg/m?) 30 & 0.610 329+ 0.45 0.0005"
ALT (U/L) 16.01 £+ 0.91 229 +1.89 0.02*
AST (U/L) 17.6 £ 0.65 23 +1.430 0.02**
ALP (IU/L) 80.71 + 3.5 110 £ 3.50 0.0001**

*Significant at P < 0.05.

**High Significant at P < 0.001.

BMI: Body mass index, ALT: Alanine Aminotransferase,
AST: Aspartate Aminotransferase. ALP: Alkaline phosphates-
value: Probability value, SE: standard error, mg/dl:
milligrams per deciliter, U/L: unites per litter, IU/L:
international units per litter.

Table 3 showed a highly significant increase in,
[AAPA (p = 0.0015) AcLys (p = 0.0001) and AcOrn
(p = 0.004)] in patients of RA in compare with
healthy control.

Statistical analysis of AAPAs levels distributed
among RA patients subgroup and control showed
that the mean + SE of AAPA in healthy con-
trols (9.29 + 1.19) ng/mlL, biology (26.31 =+
5.69) ng/mL, chemotherpy (22.31 4+ 5.11) ng/mL and
biochemotherpy (20.56 + 9.24) ng/mL as shown in
Table 4.
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Table 3. Levels of autoantibodies in the sera of RA patients and
healthy control.

Healthy control  Patients
Parameters Mean + SE Mean + SE P value
AAPA (ng/mL) 9.29 +1.19 23.07 £3.950 0.0015*
AcLys (ng/mL)  20.3 £+ 3.53 77.27 £19.37  0.0001**
AcOrn (ng/mL) 10.72 +£1.25 25.86 + 4.070  0.004**

*Significant at P < 0.05.

**High Significant at P < 0.001.

AAPA: anti-acetylated peptide antibodies AcLys: anti-acetylated
lysine peptide antibodies, AcOrn: anti-acetylated ornithinine
peptide antibodies.

Table 4. Serum human AAPA levels in RA patient’s groups in
comparison with healthy control.

AAPA (ng/mL)

HC Biology Chemotherapy Biochemotherapy
Mean & SE =~ Mean + SE Mean + SE Mean + SE
9.29 +£1.19 26.31£5.69 22.31+5.11 20.56+ 9.24

AAPAs: anti-acetylated peptide antibodies, SE: Standard error,
ng/mL: Nanograms per milliliter.

Table 5 shows significant changes in AAPA lev-
els among RA subgroup patients, including biology,
chemotherapy, and biochemotherapy, compared to
healthy controls, with no significant differences ob-
served in multiple comparisons.

Table 5. Multiple comparisons of AAPA levels in RA patients
with biology, RA patients with chemotherapy, RA patients with
biochemotherapy and healthy control all with each other’s.

Parameter Group treatments P value

AAPA HC vs. Biology 0.0001**

(ng/mL) HC vs. Chemotherapy 0.0057**
HC vs. Bio-chemotherapy 0.0222*
Biology vs. Chemotherapy 0.7304
Biology vs. Biochemotherapy 0.4498
Chemotherapy vs. Biochemotherapy 0.9691

*Significant at P < 0.05.

**Highly Significant at P < 0.01.

AAPAs: anti-acetylated peptide antibodies, HC: healthy control,
P-value: probability value, ng/mL: Nanograms per milliliter.

Results of the current study demonstrated that
the levels of AcLys in the RA subgroup [biology
(92.943 + 4.93 ng/mL), chemotherapy (54.307 +
3.86 ng/mL), biochemotherpy (84.572 4+ 8.9 ng/mL),
and healthy control (20.3 + 3.53 ng/mL)] were as
shown in Table 6.

Table 6. Serum human AclLys levels in RA patient’s groups in
comparison with healthy control.

AcLys (ng/mL)

HC Biology Chemotherapy Biochemotherapy
Mean + SE  Mean + SE Mean + SE Mean + SE
20.3 +£3.53 92.943 + 4.93 54.307 £ 3.86 84.572+ 8.9

AcLys: anti-acetylated lysine antibodies, HC: healthy control, SE:
Standard error, ng/mL: Nanograms per milliliter.
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Results in Table 7 showed a significant increase
in the levels of AcLys in subgroup patients with
RA compared to healthy controls. Whereas multiple
comparisons of subgroups with each other showed a
highly significant increase in the biology subgroup
as compared to the chemotherapy subgroup and a
significant increase in the biochemotherapy subgroup
compared to the chemotherapy subgroup in patients
with RA. Moreover, there is no significant differ-
ence between the biology subgroup compared to
biochemotherapy subgroup.

Table 7. Multiple comparisons of AcLys levels in RA patients
with biology, RA patients with chemotherapy, RA patients with
biochemotherapy and healthy control all with each other’s.

Parameter  Group treatments P value

AcLys HC vs. Biology 0.0001**

(ng/mL) HC vs. Chemotherapy 0.0127**
HC vs. Bio-chemotherapy 0.0002**
Biology vs. Chemotherapy 0.0061**
Biology vs. Biochemotherapy 0.7351
Chemotherapy vs. Biochemotherapy  0.0236*

**Highly Significant at P < 0.01 AcLys: anti-acetylated lysine
peptide antibodies, HC: healthy control, P-value: probability
value, ng/mL: Nanograms per milliliter.

Results demonstrated that the levels of AcOrn in RA
subgroup [biology 20.51 + 3.22 ng/mL, chemotherpy
31.08 £+ 7.98 ng/mL and biochemotherpy 25.01 +
4.32 ng/mL] higher than AcOrn level in the healthy
control group 10.72 + 1.25 ng/mL as shown in
Table 8.

Table 8. Serum human AcOrn levels in RA patient’s groups in
comparison with healthy control.

AcOrn (ng/mL)

HC Biology Chemotherapy Biochemotherapy
Mean + SE Mean + SE Mean + SE Mean + SE
10.72 +1.25 20.51 +£3.22 31.08 £7.98 25.01 + 4.32

AcOrn: anti-acetylated ornithine antibodies, HC: healthy control,
SE: Standard error, ng/mL: Nanograms per milliliter.

Results in Table 9 revealed a substantial signifi-
cant increase in serum AcOrn levels between biology
in comparison to HC (p = 0.0281), chemotherapy
in comparison to HC (p = 0.0001) and combined
biochemtherpy as compared to HC (p = 0.004).
Multiple comparisons between subgroups showed sig-
nificant decrease of biology subgroup as compared
with chemotherapy subgroup, whereas no significant
difference between others group with each other’s.

In RA, Pearson’s correlation was utilized to examine
the possible correlation between AAPA and (AcLys,
AcOrn, age, BMI,ALT,AST,and ALP). Results showed
a significant negative correlation between AAPA and
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Table 9. Multiple comparisons of AcOrn levels in RA patients
with biology, RA patients with chemotherapy, RA patients with
biochemotherapy and healthy control all with each other’s.

Parameter  Group treatments P value

AcOrn HC vs. Biology 0.0281*

(ng/mL) HC vs. Chemotherapy 0.0001**
HC vs. Bio-chemotherapy 0.0004**
Biology vs. Chemotherapy 0.0149*
Biology vs. Bio-chemotherapy 0.5658
Chemotherapy vs. Bio-chemotherapy  0.3022

*Significant at P < 0.05.

**Highly Significant at P < 0.01.

Anti-acetylated ornithine antibodies (AcOrn), HC: healthy
control, ng/mL: Nanograms per milliliter.

BMI (R = -0.418, P = 0.05*) in the biochemotherpy
subgroup, whereas no significant correlation between
AAPA with other parameters in different subgroups of
RA patients as shown in Table 10 and Fig. 1.

Discussion

Results in the current study revealed a high sig-
nificant increase in BMI in RA patients due to that
obesity in RA patients significantly clinically symp-
toms, inflammation markers, outcomes and chronic
pain and it is believed to be associated with a
number of chronic illness.'*!> The results corrob-
orate with other studies done in RA Iraq patients
by Haitham Ahmed et al.,'® and another study of
Younis and, Al-Bustany,'” which reported There was
increased frequency of obesity in rheumatoid arthri-
tis patients and a significant relationship between
fibromyalgia syndrome (FMS) with obesity.'%'” An-
other Iraqi study showed a significant relationship
between FMS and increased BMI. '® the explanation
of these findings obese people’s adipose tissue se-
cretes inflammatory cytokines such as Tumor necrosis
factor-8 (TNF-B), interleukin-1(IL-1), and Individu-
als’ inflammatory responses are triggered by these
adipokines. '° Moreover, patients with RA take hydro-
cortisone during the course of treatment to inhibition
the level of inflamed joints and others site in body. 2°
Result in current study showed that there was a sub-
stantial rise in the activity of aminotransferases AST
(p = 0.02) and ALT (p = 0.02) when compared to
the healthy control. This results consist with other
study by Alexander et al.?' and by tawfeeq HR., and
Ali'! in Iraq which reported that patients with RA
are more likely to develop an autoimmune liver dis-
ease due to Rheumatology medications are frequently
hepatotoxic, and rising levels of cytokines such as in-
terleukins (IL-10, IL-17) can be found in the synovium
of RA patients, which play an essential role in chronic
liver illnesses and are also related with disease pro-
gression. ' > ALP levels increased significantly in RA
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Table 10. The correlation between AAPA and other parameters in studied group treatments.

AAPA vs Biology Chemotherapy Biochemotherapy
Parameters R P-value R P-value R P-value
ACLYS (ng/ml) 0.030 0.89 -0.141 0.55 -0.041 0.54
ACORN (ng/ml) -0.217 0.33 -0.042 0.84 0.034 0.87
Age (years) 0.239 0.28 0.022 0.92 -0.102 0.65
BMI (kg/mz) 0.067 0.74 -0.162 0.47 -0.418 0.05*
ALT (U/L) -0.105 0.64 -0.169 0.45 0.091 0.68
AST (U/L) -0.094 0.67 -0.105 0.64 0.063 0.78
ALP (IU/L) -0.070 0.75 -0.078 0.73 0.083 0.71
225
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] p-value = 0.0323
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150 -
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Fig. 1. Scatter plot shows the correlation between AAPA and BMI in RA biochemotherpy subgroup.

patients compared to healthy controls. The results
are in agreement with a previous study by Joanna
Podgérska, who found increased ALP in patients with
RA from 18 to 50%.2? Increased liver enzymes may
be caused by drug-induced liver disorders, particu-
larly methotrexate, which affects 45% of RA patients,
especially ALP and albumin.?® Lysine acetylation
is a common protein post-translational modification
(PTMs).?* Two peptides for AAPA detection (AcLys
and AcOrn) and investigated their correlation with
BMI and liver function test in RA patients and healthy
control. Result in current study showed increased
concentration of AAPA, Aclys and Acorn in patients
of RA. These results conducted with previous study
by Paul Studenic et al.?®> which reported that AAPA
prevalent in early RA, independently of RF and
ACPA, reducing seroreactivity gap.?® The current

study found a high significant AAPA level in biology
subgroups of RA patients compared to healthy con-
trol, indicating pathogenic B cells. This dominance
suggests activity in RA, with at least five dominant
BCR clones in peripheral blood leading to severe
symptoms.?® Data analysis of this study found sig-
nificant differences in AcLys seroprevalence among
RA patients and healthy controls, with biology and
chemotherapy subgroups showing significant differ-
ences compared to the chemothepy subgroup, while
biology and biochemotherpy subgroups showed no
significant differences. These findings are consistent
with previous studies that found the mechanism MTX
impairs B cell development, reduces cytokines like
Tumor necrosis factore- (TNF-«) and interleukin -
6(IL-6), which are secreted by T cells, and improves
response to AAPA, reducing autoantibody titers in
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RA.?72° The current study showed a significant in-
crease in serum AcOrn levels among RA subgroup
treatments, with the biology subgroup showing a
decrease compared to chemotherapy and no signif-
icant difference between groups. The explantation
of the finding due to a 19:3 female-to-male ratio in
our study, attributed to two factors: stronger female
immune systems and hormonal changes during preg-
nancy and menopause. This may be linked to female
patients having easier access to clinical data.3%3!
AAPA levels significantly inversely correlated with
BMI in RA patients’ biochemotherpy subgroup. BMI
plays a different role in these two major RA sub-
sets depending on the presence of ACPA. However,
the high heterogeneity may indicate a shift in the
connection between BMI and ACPA seropositivity or
seronegativeness. > In biochemotherpy subgroup the
patient received MTX plus TNFi is a beneficial treat-
ment for some RA patients due to proinflammatory
adipokines and decreased antibody levels. Obesity is
linked to RA development in women and inversely
related to RA in men, but not remission. 33-3°

Conclusion

Rheumatoid arthritis requires early intervention
for treatment and diagnosis. Anti-acetylated peptide
antibodies improve classification in RA patients with-
out RF and anti-CCP. Inflammatory arthritis patients
often experience liver function abnormalities due
to DMARDs. Obesity negatively impacts disease im-
provement in RA patients.
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