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RESEARCH ARTICLE

A Comparison of Anti-Citrullniated Peptide
Antibody, Lactate Dehydrogenase, Zinc and
Copper in Sera of Patients with Rheumatoid
Arthritis and Healthy Control: A Cross
Sectional Study

Fatima Qasim AL-Obaidy® ', Abdulnasser M. Al-Gebori® 1,
Mohammed Hadi Munshed Alosami® 2

1 Department of Applied Science, Branch of Applied Chemistry, University of Technology, Baghdad, Iraq
2 Department of Medicine, Colleges of Medicine, University of Baghdad, Baghdad, Iraq

ABSTRACT

Rheumatoid Arthritis (RA) is a chronic, systemic autoimmune disease associated with synovial tissue proliferation, car-
tilage destruction and pannus formation. The study aimed to determine the link among each anticyvlic anti-citrullinated
peptide antibody (ACPA), lactate dehydrogenase (LDH), zinc (Zn), and copper (Cu) levels in rheumatoid arthritis (RA)
patients and healthy control. Across sectional study was carried out at the Baghdad Teaching Hospital in Baghdad Iraq,
and involved 110 patients (95 females and 15 men), who were matched for age and sex with 40 healthy controls (28
females and 12 males). Patients with RA were diagnosed by a specialist rheumatologist utilizing ACR/EULAR criteria in
2010. According to the type of disease-modifying anti-rheumatic drug therapy used—biologic (bDMARDs), conventional
(cDMARDs), and combined (DMARDs)—patients in this study were split into three subgroups. Zn, Cu, and LDH were
quantified using a spectrophotometer (AAS), whilst serum ACPA was assessed using an enzyme-linked immunosorbent
assay (ELISA). The results showed that there was a significant rise in all subgroups of ACPAs (p < 0.001), Zn (p <
0.001), and Cu (p < 0.001) when compared to the healthy control, but no significant differences across subgroups. LDH
levels increased significantly in the chemotherapy and bio-chemotherapy subgroups as compared to healthy controls, but
LDH levels decreased significantly in the biology subgroup when compared to the chemotherapy and bio-chemotherapy
subgroups. Changing therapy types has no effect on raising levels of ACPA, Zn, and Cu, however, it has an effect on LDH
levels. The Biology subgroup showed no significant difference among RA patients subgroup and healthy control.

Keywords: Anti-citrullinated peptide antibodies, Autoimmunity, Copper, Lactate dehydrogenase, Rheumatoid arthritis
(RA), Synovitis, Zinc

Introduction

Rheumatoid arthritis (RA) is a systemic
autoimmune disease that can damage the tissue
lining the joints the skin, eyes, and other organ in
some cases. The severity of the disease varies from

patient to patient. The risk factors include gender,
genetics, age, and exposure to the environment
(air pollutants, cigarette smoking, and occupational
exposure). The onset of this disease is usually
between the ages of 35 and 60 years, with periods
of remission, exacerbation. > The global prevalence
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of RA was estimated in a recent meta-analysis as
0.46%, while the prevalence rate is 1% in iraq.**
Autoantibodies are one of the distinguishing features
of rheumatoid arthritis (RA). A lot of research has
been done on anti-citrullinated protein antibodies
(ACPAs).> Autoantibodies targeting acetylated
proteins, such as anti-acetylated peptide antibody
(AAPA),° and others have more recently been added
to existing autoantibody systems that recognize
post-translationally changed proteins.” ACPAs,
which are autoantibodies that attack citrullinated
peptides, were identified as highly specific markers
present in RA patients and first described in 1964.°
In the inflammatory process, citrullinated proteins
play an important role in stimulating the production
of antibodies. ACPA is produced by B plasma cells,
and Fibrin is the major citrullinated protein in RA
joints.” The lactate dehydrogenase (LDH) enzyme is
present in almost all tissues and it’s required in the
final step of anaerobic glycolysis. It is released during
tissue injury and inflammation.'° Inflammation in
RA and RA-like disorders is not restricted to joints
and affects many organs of the body, so it is worth
studying an inflammatory marker such as S.LDH,
which is involved in multi-system inflammation. '
Trace elements that include Zn, Cu, and other have
been identified as one of these components, and their
homeostasis is critical to controlling several parts
of the inflammatory and immunological systems.
Zn has been shown to play a role in maturation,
cell cycle progression and differentiation.'? It may
have a role in arthritis because it is crucial for the
innate and adaptive immune systems, as well as bone
development, regeneration and controlling a number
of inflammatory response components. '* Cu may also
influence the oxidant defense system by functioning
as a catalytic cofactor and coordinating with Se and
Zn, which are also responsible for adequate cartilage
mineralization and the production of elastin and col-
lagen structures, according to research. '* In addition,
tissue regeneration, bone formation, ATP production,
and hemoglobin synthesis furthermore, it is a crucial
component of the central nervous system’s develop-
ment. '° Abnormal trace elements concentrations are
associated with the regulate of gene expression in-
flammatory response, bone metabolism and regulate
of transcriptional like cyclooxygenase-2, matrix met-
alloprotease 2 and inducible nitric oxide synthase,
which are potentially associated with RA.'® Hence,
the objective of this study was investigate the role of
ACPA, Zinc,Copper and LDH in Rheumatoid arthritis
patients and identify a predictor for treatment
response, which in turn can guide early treatment
decisions among middle-aged and older of Iraqi
patients.
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Materials and methods

Five milliliters of blood were withdrawn from
110 RA patients (95 females and 15 males) with a
range age of 36-65 years, and 40 healthy controls
(28 females and 12 males) matched in age and sex to
the patients. Furthermore, the samples were placed
in the gel tubes. After that, they were spun in a cen-
trifuge at 3000 rpm for 10 minutes, then separated
and transfered to 0.5 ml Eppendorf tubes, which were
subsequently frozen at —20 °C for further analysis.
The study was conducted in Baghdad Teaching Hos-
pital/Medical City between September 15, 2022, and
March 25, 2023. Diagnosis, treatment, and follow-
up of all patients were performed in this clinic and
young individuals, or individuals with a history of dis-
ability, psychological and mental diseases, malignant
tumors, autoimmune diseases were excluded from
the study. The patients were divided into three sub-
groups : (1) biological treatment subgroup (consisted
of thirty-eight patients on the bDMARDSs treatment),
(2) conventional cDMARD subgroup (thirty-eight pa-
tients received MTX) and (3) combined DMARD
subgroup (thirty-four patients had received biology
and chemotherapy). The human ACPAs were deter-
mined by using Sandwich ELISA (Biorad, Germany)
from the SunLong Biotech kit (China). LDH levels
were determined using a commercial kit (BIOLAB)
that was measured by a spectrophotometer (BIOLAB
instrument). The conversion of NADH to NAD + re-
sults in a decrease in absorbance. LDH activity in
the specimen is directly proportional to the wave-
length of 340 nm. Whereas the determination of
Zn utilized the direct colorimetric test without de-
proteinizing the sample by using a commercial kit
(LTA, Italy), and copper concentrations were deter-
mined using a commercial kit (LTA, Italy), which
was measured by a spectrophotometer (CECELL
3000).

Ethical considerations

Ethical approval was obtained from the University
of Technology ethical committee for this study. In
addition, Verbal consent was obtained from all par-
ticipants prior to their involvement.

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 ACPAs, LDH, Zn, and Cu levels were compared
between RA patients and healthy control.
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Table 1. Showed demographic characteristics of patients.

Patients n = 110

Characteristics Mean (min-max)
Age (years) 51 (36-75)

Male 15 (13.7%)
Female 95 (86.36%)

Treatment

Biology 38 (34.5%)
Chemotherapy 38 (34.5%)
Biochemotherapy 34 (30.9%)

Table 2. Levels of ACPA in sera of healthy control and RA
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Table 4. Multiple comparisons of ACPA levels between patients’
subgroups and healthy control.

Parameters  Group treatments p-value

ACPAs HC vs. Biology 0.0001%*

(ng/mL) HC vs. Chemotherapy 0.0001**
HC vs. Bio-chemotherapy 0.0001**
Biology vs. Chemotherapy 0.2
Biology vs. Biochemotherapy 0.2

Chemotherapy vs. Biochemotherapy 0.4
** Highly Significant at P < 0.001.

Table 5. Serum human LDH levels in patients and healthy.

patients. LDH (IU/L)

Healthy control Patients Healthy control Biology Chemotherapy Biochemotherapy
Parameter Mean + SE Mean + SE P-value Mean + SE Mean + SE  Mean + SE Mean =+ SE
ACPAs (ng/mL) 19.98 + 3.29 51.05 +5.613 0.0001** 100.5+£12.71 106.0 £7.87 137.8 £11.65 154.5 & 3.82

Table 3. Serum human ACPAs levels in RA subgroup patients and
apparently healthy control.

ACPAs (ng/mL)

Healthy control Biology Chemotherapy Biochemotherapy

Mean =+ SE Mean == SE =~ Mean + SE Mean =+ SE
19.98 + 3.29 57.11 £ 4.56 49.76 £ 5.48 46.27 + 3.18
Results

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) as shown in Table 1.

The mean + SE of ACPA in healthy control and
RA patients were 19.98 + 3.29ng/mL and 51.05 +
5.613ng/mL respectively, as showed in Table 2.

Statistical analysis of ACPAs levels distributed
among RA patients’ subgroup and healthy control
groups by ANOVA. The mean =+ SE of ACPA in biology
57.11 + 4.56 ng/mL more than chemotherapy and
biochemotherpy (49.76 + 5.48, 46.27 + 3.18) ng/mL
respectively when compared with healthy controls
(19.98 + 3.29) ng/mlL, as shown in Table 3.

Table 4 reveals that there were highly significant
variations in ACPA levels through RA subgroup pa-
tients (biology, chemotherapy, and biochemotherpy)
as compared to healthy control (P < 0.0001). Multiple
comparison showed there was no significant differ-
ence between subgroups with each other.

ACPAs: anticitrulinated peptide Antibodies, HC:
healthy control, P-value: probability value, ng/mL:
Nanograms per milliliter.

Results in the current study demonstrated that the
levels of LDH in RA subgroup biology are [106.0
+ 7.871U/L, chemotherpy 137.8 + 11.65IU/L,

LDH: lactate dehydrogenase, IU/International units.

Table 6. Multiple comparisons for LDH in studied group treat-
ments.

Parameters  Group treatments p-value

LDH HC vs. Biology 0.96

(IU/L) HC vs. Chemotherapy 0.02*
HC vs. Bio-chemotherapy 0.0004**
Biology vs. Chemotherapy 0.08*
Biology vs. Biochemotherapy 0.002%*

Chemotherapy vs. Biochemotherapy  0.59
* Significant at P < 0.05.
** Highly Significant at P < 0.01.

LDH: Lactate dehydrogenase, HC: healthy control,
IU/international units per Liter.

biochemotherpy 154.5 + 3.821U/L and healthy con-
trol 100.5 + 12.71] as shown in Table 5.

Results in Table 6 showed a significant increase
in the serum levels of LDH in chemotherapy and
biochemotherpy subgroup patients of RA compared
to healthy controls, while there was no significant
difference between biology subgroupas compared to
healthy control (p = 0.96). Whereas multiple com-
parisons of subgroups with each other showed a
significant decrease in biology subgroup as compared
to the chemotherapy subgroup and biochemotherapy
subgroup. Moreover, there is no significant difference
between the chemotherapy subgroup compared to
biochemotherapy subgroup.

Results demonstrated that the levels of Zinc in RA
subgroup [biology 103.4 + 6.22 ug/dl, chemother-
apy 110.4 + 7.04 nug/dl and biochemotherpy 109.1
+ 7.78 ug/dl] higher than zinc level in the HC group
82.35 + 7.74 by AONVA as investigate in Table 7.

Results showed a significant increase in level of zinc
in biology subgroup and a highly significant increase
of chemotherapy and biochemotherpy as compared to
healthy control. Multiple comparisons revealed that
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Table 7. Serum human Zinc levels in patients and healthy.
Zinc (ng/dL)

Healthy control Biology Mean + SE  Biochemotherapy
Mean + SE Mean + SE  Mean + SE  Mean + SE

82.35 +7.74 103.4 +6.22 110.4 +£7.04 109.1 + 7.78
Microgram per deciliter (ng/dl), healthy control (HC).

Table 8. Multiple comparisons for Zinc in RA patients’ subgroup
and healthy control.

Parameters  Group treatments p-value

Zinc HC vs. Biology 0.011*

(ug/dl) HC vs. Chemotherapy 0.001%**
HC vs. Bio-chemotherapy 0.005**
Biology vs. Chemotherapy 0.45
Biology vs. Biochemotherapy 0.56

Chemotherapy vs. Biochemotherapy 0.12

* Significant at P < 0.05.
** Highly Significant at P < 0.01.

Table 9. Serum human Cu levels in patients and apparently
healthy control.

Copper (1g/dL)

Healthy control Biology
Mean =+ SE Mean =+ SE

Chemotherapy Biochemotherapy
Mean + SE Mean =+ SE

93.84 +£3.19 251.5+7.14 251.0 £ 10.75 265.6 + 8.57

Copper: (Cu), microgram per deciliter (xg/dl), healthy control
(HQ).

were no significant difference between subgroup with
each other are revealed in Table 8.

Microgram per deciliter (ug/dl), healthy control
(HQ).

The results demonstrated that the levels of Cu in
RA subgroup were [biology 251.5 + 7.14 pg/dl,
chemotherpy 251.0 + 10.75 ug/dl and biochemoth-
erpy 265.6 + 8.57 ug/dl] higher than Cu level in the
healthy control group 93.84 + 3.19 ug/dl as shown
in Table 9.

Results revealed that there was a highly significant
increase in levels of Cu through all RA subgroup pa-
tients as compared to healthy control (P < 0.0001).
Multiple comparison showed there was no significant
difference between subgroups with each other’s as
showed in Table 10.

In RA, Pearson’s correlation was utilized to examine
the possible correlation between ACPA and (LDH, Zn
and Cu). Results showed a significant positive corre-
lation between ACPA and LDH (R = 0.624, P = 0.001)
in the biology subgroup, whereas no significant cor-
relation between ACPA with other parameters in
different subgroups of RA patients as shown in
Table 11.
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Table 10. Multiple comparisons for copper in RA patients’ sub-
group and healthy control.

Parameters  Group treatments p-value

Copper HC vs. Biology 0.0001%*

(ung/dl HC vs. Chemotherapy 0.0001**
HC vs. Bio-chemotherapy 0.0001%*
Biology vs. Chemotherapy 0.98
Biology vs. Biochemotherapy 0.76

Chemotherapy vs. Biochemotherapy  0.73

** Highly Significant at P < 0.01.

Copper: (Cu), microgram per deciliter (ug/dl), healthy control
(HO).

Discussion

Results of the current study demonstrated a highly
significant increase in levels of ACPA in RA patients.
A great percentage of RA patients produce ACPA
as a result of early RA’s lack of tolerance and the
increase of the anti-citrullinated antibody response,
which is significantly associated with the develop-
ment of arthritis.'”'® Additional studies have found
that anticitrullinated peptide antibodies are linked to
Human Leukocyte Antigen — DR isotype (HLA-DR)
shared epitope status.!® The current study’s find-
ings are consistent with data from other research
studies conducted throughout the world which show
that the primary target of ACPA in the pre-clinical
phase of RA is osteoclast precursor and osteoclast
cells located in bone marrow. Furthermore, ACPA
can cause bone destruction by inducing proinflamma-
tory cytokines such as (IL-1, IL-12), which spread to
the joint and cause inflammation of the synovial.*°
Moreover, the study found that is no significant dif-
ference in patients receiving only chemotherapy or
biological treatment, or combined biological with
chemotherapy treatment. This is consistent with pre-
vious research reported that individual reach RA
diagnosis; the ACPA repertoire remains relatively sta-
ble over time with small changes in ACPA levels and
only occasional seroconversion.?' The main reason is
that ACPA-positive B cells undergo multiple cycles of
germinal center reaction, thus accumulating cell mu-
tations and carrying out homotypic transformation.
The citrulline-specific immune response can produce
long-lived plasma cells and a stable titer of ACPAs. %
In addition, the ACPA reactivity level significantly
decline in beginning use of DMARD treatment (during
the first three month), and then remains stable.??
Furthermore, the ACPA subtypes differ depending on
the different antigens and antibody isotypes. Targeted
therapy can only target some of them, which is a lim-
itation of targeted biology therapy.?* In addition, the
lack of consciousness about rheumatic disease among
Iraqis, a lack of training among Iraqi health care
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Table 11. The correlation between ACPAs (ng/ml) and other parameters in in studied group treat-

ments.
ACPAs (ng/ml)
Parameters Biology Chemotherapy Biochemotherapy
R P-value P-value R P-value
Cu —-0.116 0.18 0.102 0.65 —-0.125 0.57
Zn —0.294 0.60 0.060 0.79 —0.004 0.98
LDH 0.623** 0.0019** —0.013 0.95 0.041 0.85
** Highly Significant at P < 0.01.
Copper: (Cu), Zinc (Zn), Lactate dehydrogenase (LDH).
250
R =0.623
p-value = 0.0019 oY
200
=
§° 150
E
=
63 100 -
=
50 +
0 L] L] L] L]
0 50 100 150 200 250
LDH

Fig. 1. Plot displays ACPA-LDH correlation in RA biology subgroup.

professionals, and it ought to be added that patients
have very limited access to biology treatment, which
is provided only by the national Ministry of Health.
Niitsue et al.?® reported that elevated LDH levels
were roughly 97% of RA patients that treated by
MTX. In normal inflammation, CD8 + T lymphocytes
(CD8) can release proinflammatory cytokines such
as (IL-1, IL-12) and cellular breakdown mediators.
In RA, CDS8 activity is dependent on LDH activity,
and B cell activation is similarly impacted by LDH
activity, the FX11 inhibitor (Lactate Dehydrogenase
Inhibitor) and LDHA inhibitor, GSK2837808A, have
been shown to reduce the inflammatory potential of
CD8+ and B lymphocytes by inhibiting LDH.?” The
data of the present study revealed an increase in the
level of zinc in RA due to the fact that zinc is a
necessary element and dietary supplement that has
been shown to lower the incidence in rheumatoid
arthritis sufferers, so zinc is required for the down
regulation of inflammatory responses. In addition,
zinc supplements in combination with MTX prevent
damage of intestinal and protect enterocyte cell pro-
liferation during RA treatment.?® Moreover, Serum
Cu and Zn levels increase in RA patients due to an-
tagonistic relationship between copper and zinc, with
overdoses reducing copper absorption,?’ for these

reasons mentioned above, patients are provided with
zinc during treatment. Nonetheless, our findings were
consistent with other studies by Dhiaj et al,.*° The
results in our study demonstrated that the levels of
Cu in the RA subgroup increase compared to healthy
controls because, during rheumatoid arthritis inflam-
mation, biomarkers cytokines such as interleukin-1
(IL-1) regulate the secretion of ceruloplasmin in liver
cells, content of copper in the blood increases as
ceruloplasmin is transported from the liver cell to the
serum. >"*? In addition, the results showed a signifi-
cant positive correlation between ACPA and LDH in
biology subgroup, indicating that the fact that sodium
lactate can cause CD4 + T helper cells to change into
the Th17 subset and that ACPA-producing B cells
play a role in the inflammatory process of RA sug-
gests that lactic acid (LA) may indirectly contribute
to the proinflammatory process of ACPA produc-
tion.?” In addition, the biology drug mechanism
that genetically engineered monoclonal antibodies
and receptor constructs were specifically designed
to target extracellular mediators of inflammation
with high specificity and do not have the capabil-
ity of crossing the plasma membrane of a cell.®3
Moreover, monocarboxylate transporter(MCTs) are
important transporters that are crucial for the
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intracellular production and transmembrane trans-
port of LA. The transfer of LA into or out of cells
by MCT1 depends on the metabolic status of cells®*
These findings are consistent with a recent study by
Cunningham et al, which found that patients with
ACPA-positive RA have a larger clinical therapeutic
impact than patients with ACPA-negative RA.3>3¢
The study had limitations, including limited sample
size for direct comparison of RA subgroup, single-
center open-labeled design without double-blinding,
potential information bias from physicians. Larger,
longer-term studies with objective outcome measures
are needed to confirm findings.

Conclusion

Most RA patients produce ACPA, and treatment
doesn’t affect ACPA levels. LDH levels increase
with severity of RA. Zinc and copper are essential
trace elements for metabolism and immune function.
Zinc supports healthy cartilage growth and immune
response, while copper ions increase joint inflamma-
tion. DMARD or b DMARD therapy choice depends
on patient’s comorbidities and contraindications.
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