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Abstract

Methotrexate (Mtx), a drug that acts as a folate antagonist, is commonly used to treat rheumatoid
arthritis (RA), which affects nearly 1% of the our world population. Heme oxygenase-1 (HO-1),
involved in heme catabolism produces biliverdin (and hence, bilirubin), carbon monoxide (CO) and
Fe**. The primary focus of our study was to investigate the role of Heme oxygenase-1 (HO-1) in
Rheumatoid Arthritis (RA).

Materials and Methods

The study included 40 healthy controls, 20 naive RA patients, and 20 methotrexate-treated RA
patients. Heme oxygenase-1 (HO-1) activity and concentration were measured using manual chemical
methods and ELISA. Additionally, lipid profile and other biochemical parameters were also analyzed
using an autoanalyzer.

Conclusion

The concentration of the HO-1 enzyme was lower in RA patients compared to healthy controls,
whereas its activity exhibited the opposite trend. HO-1 may be induced by ROS generation; however,
further studies are needed to confirm this.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disorder characterized by chronic inflammation that
primarily affects the joints. It typically results in warm, swollen, and painful joints, most commonly
involving the wrists and hands, often symmetrically on both sides of the body. In addition to joint
involvement, RA can also affect other organs, leading to complications such as low red blood cell
count, inflammation around the lungs, and inflammation of the heart. RA has a global prevalence and
occurs more frequently in females. Both genetic and environmental factors are implicated in its
development. If left untreated, the persistent inflammation can lead to serious complications,
particularly cardiovascular disease, which is reported as a leading cause of death in RA patients [1].
Elevated levels of heme oxygenase-1 (HO-1) have been observed in the synovial fluid of RA patients,
and these levels show a correlation with C-reactive protein (CRP), an acute-phase protein that is

elevated during inflammatory conditions.

Heme oxygenase (HO) is a microsomal enzyme with three distinct isoforms: HO-1, HO-2, and HO-3.
Among these, HO-1 is primarily expressed in the liver. It is an inducible isoform, also known as heat
shock protein-32 (Hsp-32), and is typically expressed at low levels under normal conditions. HO-1
catalyzes the oxidative breakdown of heme into biliverdin, free ferrous iron, and carbon monoxide
(CO). This reaction takes place in the endoplasmic reticulum, in collaboration with NADPH
cytochrome P450 reductase. The biliverdin produced is further reduced to bilirubin by the enzyme
biliverdin reductase, which contributes to the formation of bile pigments. Although HO-1 does not
directly serve as an antioxidant, its upregulation and the production of its metabolic intermediates
have been associated with cytoprotective and anti-inflammatory effects, primarily due to its role in
removing free heme. However, limited data are available on HO-1 expression and activity in
Rheumatoid Arthritis (RA) patients. Therefore, the present study aims to investigate potential
alterations in HO-1 levels and activity in RA patients, along with correlation studies involving related

metabolites.

Materials and Methods:

Study Population: A total of 40 control subjects and 40 patients with Rheumatoid Arthritis (RA)—
including 20 naive patients and 20 patients undergoing methotrexate treatment for at least 46
months—of both genders were recruited for the study after obtaining informed consent.
Approximately 4-5 mL of blood was collected from each participant in the morning after an overnight
fast. Each RA patient was age- and gender-matched with a healthy control, allowing an age difference

of +3 years within the same gender. A detailed clinical history of RA patients was recorded, including
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disease duration, number of joints involved, medication history, family history, and other relevant

information.

Anthropometric measurements such as height, weight, waist, hip, and mid-arm circumference were
recorded to the nearest centimeter or kilogram. Waist circumference was measured at the midpoint
between the lower border of the ribcage and the iliac crest, while hip circumference was measured at
the widest point between the hip and buttock. Body Mass Index (BMI) was calculated using height
and weight. Subjects were categorized as normal weight (BMI > 18.5 and < 25) and overweight (BMI
> 25 and < 30). Both control and RA groups were further classified within each BMI category across

two age groups [8].

Biochemical Analyses : In this study, we investigated the patterns of heme oxygenase-1 (HO-1)
activity, concentration, and related metabolites across three groups: healthy controls, naive RA
patients, and methotrexate-treated RA patients. HO-1 mass were analyzed by gel electrophoresis and
guantitated. COHb% (for the activity of HO-1) were measured manually by chemical methods. HO-1
concentration was estimated using a commercial ELISA kit (Human Heme Oxygenase -1 ELISA Kit,
Bioassay Technology Laboratory). Other biochemical parameters, lipid profiles, and metabolic

markers, were analyzed using automated analyzers.

Statistical Analysis : All data were analyzed using SPSS for Windows. Statistical tests included
Student’s t-test, Mann-Whitney U test, one-way ANOVA, Kruskal-Wallis test, post hoc tests,

correlation, and regression analyses, as appropriate.

Results
Table 1. Demographic Profile of Study Group

Values are expressed as mean + SD

Parameters Control (20) Naive (20) Mtx (20) Significance,
P value
Age 23.30 + 2.02 42.75+10.40 46.55 1+ 10.92 <.001***
BMI (kg/m? 22.47 £ 3.43 23.90 £ 3.76 25.53+4.29 <.05*
)

Figures in parentheses indicate n, number
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P<0.05* is considered as statistically significant and p<0.001*** is considered as highly significant
ns= not significant
n= no. of subjects

Table 2. Comparison between control and diseased

Table 2.1. Non parametric data: Mann-Whitney Test

Parameters Control (n=20) RA Patients (n=20) Significance, P
value
%COHB .62 +.065 .85+ .33 <.001***
HO-1 conc.(ng/Ml) 1.84 + 2.36 .33+.16 <.001***

Values are expressed as mean + SD

Figures in parentheses indicate n, number

P<0.05* is considered as statistically significant and p<0.001*** is considered as highly significant
ns= not significant

n= no. of subjects
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Figure 1: HO — 1 activity shown higher in RA patients as compared to healthy control
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Figure 2: HO - 1 concentration found to be lower in RA patients as compared to control

Table 3. Comparison between control-naive-Mtx

Table 3.1. Non parametric data: Kruskal-Wallis Test

Comparison of the biochemistry parameters between the 3 study groups

Parameters Control(20) Naive(20) Mtx (20) Significance, P
value
%COHB .62 £ .06 .83+ .39 .86 +.25 <.001***
HO-1 conc.(ng/MI) 1.84 + 2.36 .32 +.20 .33 +.06 <.001***

Values are expressed as mean + SD
Figures in parentheses indicate n, number

P<0.05* is considered as statistically significant and p<0.001*** is considered as highly significant

ns= not significant
n= no. of subjects

Table 4. Comparison between control-naive, control-mtx, naive-mtx

Table 4.1.1. Non-Parametric data: Mann-Whitney Test

Comparison of biochemistry parameters between control and naive RA patients

Parameters Control (20) Naive (20) Significance,
P value

%COHB .62 1+ .06 .83 £.39 <.05*

HO-1 conc.(ng/Ml) 1.84 + 2.36 .32+.20 <.001***

Values are expressed as mean + SD
Figures in parentheses indicate n, number

P<0.05* is considered as statistically significant and p<0.001*** is considered as highly significant

ns= not significant
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Figure 3: HO -1 activity shown higher in RA patients (naive and mtx treated ) as compared to
healthy control

Table 4.1.2. Non-Parametric data: Mann-Whitney Test

Comparison of the biochemistry parameters between control and treated RA patients

Parameters Control (20) Mtx (20) Significance, P
value
%COHB .62 .06 .86 +.25 <.001***
HO-1 conc.(ng/Ml) 1.84 + 2.36 .33+ .06 <.001***

Values are expressed as mean + SD

Figures in parentheses indicate n, number

P<0.05* is considered as statistically significant and p<0.001*** is considered as highly significant
ns= not significant

n= no. of subjects
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Figure 4: Decrease in HO- 1 concentration in naive and mtx treated RA patients

Table 4.1.3. Non-Parametric data: Mann-Whitney Test

Comparison of the biochemistry parameters between naive and treated RA patients

Parameters Naive (20) Mtx (20) Significance,
P value

%COHB .83+ .39 .86 £.25 .198

HO-1 conc.(ng/Ml) .32 +.20 .331+.06 <.05*

Values are expressed as mean + SD

Figures in parentheses indicate n, number

P<0.05* is considered as statistically significant and p<0.001*** is considered as highly significant
ns= not significant

n= no. of subjects
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Table 5. Correlation between HO-1 and related biochemical parameters of control

Parameters  Correlation  Significance,
Coefficient, r P value
HO-1 and 312 181
ALP
HO-1 and 110 645
AST
HO-1 and 331 154
ALT
HO-1 and 493 <.05*
Total
Bilirubin
HO-1 and .076 .749
Conjugated
Bilirubin

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level

Table 6. Correlation between HO-1 and related biochemical parameters of Diseased

Parameters  Correlation  Significance,
Coefficient, r P value
HO-1 and 173 328
ALP
HO-1 and 022 .902
AST
HO-1 and 180 .308
ALT
HO-1 and -111 533
Total
Bilirubin
HO-1 and -.051 773
Conjugated
Bilirubin

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level

Table 7. Correlation between BMI and related biochemical parameters of control

Parameters Correlation  Significance,
Coefficient, r P value
BMI and % 122 .609
COHB
BMI and .339 144
HO-1

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level
Table 8. Correlation between BMI and related biochemical parameters of Diseased
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Parameters Correlation  Significance,

Coefficient, r P value
BMI and % .003 0987
COHB
BMI and 113 526
HO-1

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level

Table 9. Correlation between COHb% and related biochemical parameters of control

Parameters Correlation Significance,

Coefficient, r P value
% COHB and -.147 537
ALP
% COHB and -.094 694
AST
% COHB and -.053 824
ALT
% COHB and -.284 224
Total
Bilirubin
% COHB and -.022 927
Conjugated
Bilirubin

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level

Table 10. Correlation between COHb% and related biochemical parameters of Diseased

Parameters Correlation Significance,

Coefficient, r P value
% COHB and .098 .548
ALP
% COHB and 128 430
AST
% COHB and .204 206
ALT
% COHB and 219 175
Total
Bilirubin
% COHB and 446 <.001**
Conjugated
Bilirubin

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level
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Densitometric Qunatification of HO-1 proteins
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Figure 5: HO-1 concentration in RA and control

Discussion

The demographic characteristics of the study groups are presented in Table 1. One-way ANOVA
revealed significant differences in age and BMI among the three groups. Regarding age, RA patients
(both naive and treated) were in the range of 40-50 years, whereas the control subjects had a mean
age of slightly less than 25 years.

As shown in Table 2.1, the biochemical parameters of control subjects and RA patients (naive and
treated) were compared using the Student’s t-test for parametric data and the Mann—Whitney test for
non-parametric data. RA patients showed a significant decrease in HO-1 concentration compared to
the control subjects.

However, COHB% are increased in RA patients compared to control subjects. Though COHB% could
increase in RA patients as a protected mechanism, it also worth noting that COHB% was performed
manually and samples were not processed in duplicates. Graphic picture presented in figure 1 and 2

Table 3.1 shows that, the biochemical parameters differ significantly among the three groups: control
subjects, naive RA patients, and treated RA patients.

Table.4.1.1. shows the comparison of the parameters between control and naive RA patients. There is
a significant decrease in HO- 1 concentration in RA patients. However, HO-1 activity (as COHB% )
showed as increase in naive RA patients. Though decrease in HO-1 concentration with increase in
COHB% is conflicting, it is not surprising as COHB% test is sensitive to quite a few factors.

Similar findings were observed between control subjects and methotrexate-treated RA patients, as
shown in Table 4.1.2. Additionally, the results are illustrated in graphical form in Figures 3 and 4 . As
seen from table 5, there is a significant correlation between HO-1 and total bilirubin in control
subjects. However, no correlation was observed between HO-1 and related parameters in RA patients
(table 6).
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Tables 7 and 8 show that there were no significant correlations between BMI and the parameters—
COHb%, and HO-1 concentration—in both control subjects and RA patients.

In table 9 we did not find any significant correlation between COHb % and the parameters AST, ALT,
ALP, total bilirubin and direct bilirubin in control groups. In RA patients there was a significant
correlation between COHb% and direct bilirubin(p<0.001) (table 10).

Figure 5 is the densitometric qunatification of HO-1 proteins. It is found HO-1 concentration is higher
in RA patients as compared to healthy control.

Though COHB% (HO-1 activity) was significantly higher in MTX treated group compared to naive
RA group, HO-1 concentraion was not so. Some studies have shown increased HO-1 expression in
synovial tissue o RA patients, possibly stimulated by inflammatory cytokines (5).

These finding assume significance as COHB% was found to be much higher in both groups of RA
patients as compared to control. However, in our own laboratory, healthy younger subjects had a
higher COHB % compared to older healthy subjects. The older subjects were in the same age group of
RA patients. If more numbers of patients are investigated, it would provided a well validated data.

Conclusion

HO-1 protects against inflammatory and oxidative stress in several conditions, such as ischemia—
reperfusion injury, nephropathy, and vascular disease [2]. Recently, several studies reported HO-1
protein expression in synovial tissues in RA patients [3].HO-1 has the ability to downregulate
inflammation in RA, indicated that HO-1 might be useful as a marker of joint inflammation in RA
patients

HO-1 are important enzymes involved in the metabolism of heme. In the present study the following
observation are noted :-

Percent COHb levels are significantly increased in diseased condition as compared to healthy control

COHb% (HO-1 activity) is also observed to be higher in RA patients as compared to healthy controls.
Though this finding is not consistent with lower HO-1 concentration, we need to carry out more tests
in replicates. However, the increase in COHb% could be a compensatory protective response.
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