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ABSTRACT 
 

Objectives: To assess the chromosomal aberrations (CAs) as a measure of cytotoxicity and micronuclei (MNi) and 

nucleoplasmic bridges (NPB) as a measure of genotoxicity in patients with rheumatoid arthritis (RA) and its relation to the 

disease activity. The  work also aimed to assess the possible cytotoxicity and genotoxicity induced by some Disease 

Modifying Anti-Rheumatic Drugs (DMARDs) used for treatment of RA patients. Patients and Methods: The study included 

20 female RA patients treated with DMARDs (MTX and SSZ), 10 RA patients not receiving DMARDs (used NDAIDs), and 

10 control. Peripheral blood samples were taken to assess the cytotoxicity by chromosomal analysis (karyotyping) using solid 

Giemsa stain and GTG- banding according to the International System for Human Chromosome Nomenclature. Genotoxicity 

and DNA damage was assessed by the miconucleus (MN) test using cytochalasin-B. Results: The DMARDs RA patients had 

a mean age of 42.2±11.76 yr and a mean disease duration of 7.95±6.43 yr. The MTX dose was 50 mg/wk and the SSZ dose 

was 500 mg/ 8 hours, and the mean duration of use was 7.1±6.27 yr. The 20 RA patients of the DMARDs group received 

folic acid dose of 0.5 mg/day for the same period as DMARDs. The mean age of the non- MTX RA (NSAIDs) group was 

43.1±13.5 yr, the mean disease duration was 4.3±1.9 yr. The results showed a high significant increase (p<0.001) of 

chromosomal breaks, satellite association, chromosome endoreduplication, aneuploidy, and other CAs in  RA patients 

compared to control. This significant difference was not correlated with disease activity. Cytotoxicity of MTX was illustrated 

by the significant increase in the number of satellite association, and cells with aneuploidy when compared to the NSAIDs 

group. The frequency of micronuclei (MNi), nucleoplasmic bridges (NPB), and necrotic and/or apoptotic cells were 

significantly higher in RA patients when compared to control (p<0.05) but not correlated to disease activity. RA patients 

receiving DMARDs showed a significant increase in the number of binucleated cells with one MN when compared to the 

NSAIDs group. Conclusion: CAs, MNi, and NPB were increased RA patients so suggesting that cytotoxicity and 

genotoxicity are manifestations of RA disease itself. These CAs, MNi, and NPB were not correlated to the degree of disease 

activity, and seemed to be randomly distributed except in the case of X- chromosome anomalies. MTX is still cyto-and 

genotoxic to RA patients despite the associated use of folic acid. This toxicity might be due to the high dose and its long time 

of use in the present study.  [Egypt J Rheumatology & Clinical Immunology,  2016; 4(1): 67-80] 

 

 

INTRODUCTION 
 

Rheumatoid arthritis (RA) is the most common 

autoimmune inflammatory joint disease worldwide
1
. It 

affects 1% of the world population and triggers joint 

inflammations that may worsen patient's quality of 

life
2
.
    

  

Despite the noticeable advances in the treatment 

of RA, mortality among patients with RA continues 

higher than that of the general population, with no 

significant changes in recent years
3
. Nowadays, 

efficient DMARDs, such as Methotrexate (MTX), as 

well as targeted immunomodulating agents, are 

available to relieve patients
2
.  

For decades, the possible pathogenic effects of 

one or more disease-associated chromosomal regions 

(loci) have been investigated separately. These studies 

often led to controversies as some groups were able to 

confirm linkage of a certain single nucleotide 

polymorphism (SNP) to RA, while others could not
4
. 

The association of certain chromosome 

aberrations with arthropathy has been  described, but 

there are a limited number of reports in the literature
5
. 

Czako et al.
6
 mentioned that Juvenile rheumatoid 

arthritis has occasionally been reported in patients 

with deletion of 18p, and thus most likely loss of a 

gene or genes on 18p is responsible for various 

immunologic disorders occurring in these patients. 
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A recent study performed by Maxwell et al.
7
  in 

(2012) has identified 6q23 as an important 

susceptibility locus for rheumatoid arthritis (RA).  In 

the study performed by Orozco et al.
8  

in 2014, a total 

of 3,223 UK RA cases and 5,272 UK controls were 

available for GWAS using 1,831,729 single-

nucleotide polymorphisms (SNPs). This study 

identified a new RA locus mapping to 22q12.  

Methotrexate (MTX) is a central agent in RA 

therapy, and is used either alone or in combination 

with biological DMARDs. However, a large 

proportion of RA patients (20% - 40%) either do not 

respond to or are unable to tolerate MTX
9
. At least 36 

deaths have been attributed to bone marrow 

cytotoxicity associated with low dose MTX
10

.  

Suarez et al.
11

 have cited that salazopyrin 

(sulfasalazine; SASP) has become a common second 

line drug (DMARD) for the treatment of RA. Linares 

et al.
12

 mentioned that a high incidence of side effects 

limits therapy with SASP as a drug commonly used in 

the treatment of inflammatory bowel diseases such as 

ulcerative colitis, Crohn's disease and RA. 

Genotoxicity describes a deleterious action on a 

cell's genetic material affecting its integrity
13

. The 

standard micronucleus test can provide the following 

measures of genotoxicity and cytotoxicity: 

Chromosome breakage, chromosome loss, 

chromosome rearrangement, cell division inhibition, 

necrosis and apoptosis
14

. 

The aim of the present work was to assess the 

chromosomal aberrations (as a measure of 

cytotoxicity) and micronuclei (as a measure of 

genotoxicity) in patients with rheumatoid arthritis and 

its relation to the disease activity. The present work 

also aimed to assess the possible cytotoxicity and 

genotoxicity induced by some Disease Modifying 

Anti-Rheumatic Drugs (DMARDs) used for treatment 

of rheumatoid arthritis patients. 

 

SUBJECTS AND METHODS 
 

The study included 30 female patients and 10 

control. The thirty female patients with rheumatoid 

arthritis were divided into two subgroups: Ten patients 

with RA receiving no medication except Non 

Steroidal Anti-Inflammatory Drugs (NSAIDs) and 

twenty patients with RA receiving DMARDs 

(Methotrexate, Azathioprine and Salazopyrin) as a 

single drug or in combination for at least 3 months 

period. Patients were recruited from the 

Rheumatology Department, Main Alexandria 

University Hospital. They fulfilled the new 

ACR/EULAR criteria for the diagnosis of the RA 

disease
15

. Written consents from all patients were 

taken. Chromosomal analysis and the micronucleus 

test (cyto- and genotoxicity assessment) were 

performed at Alexandria Regional Centre for 

Women's health and Development. The study also 

included ten healthy female control subjects matching 

the same age. 

All patients were subjected to the following: 1- 

History taking as regards: a. Demographic data:  Age, 

ethnic group (Nationality), smoking, any other 

associated disease (which might cause cyto- or 

genotoxicity as bilharziasis or cancer), and duration of 

the disease. b. Drug history: Type, dose, and duration 

of use of the DMARDs medication, and the use of 

folic acid with its dose. c. Pregnancy history: Use of 

contraceptive pills and number of abortions. 2- 

Clinical data for the disease activity: This was done by 

applying the 4
th
 version of DAS28 (ESR or CRP)

16
. 3- 

Cytotoxicity assessment: It was performed by 

karyotyping (chromosomal analysis) for the study of 

numerical chromosomal aberrations (as aneuploidy; 

hypoploidy or hyperploidy) and structural 

chromosomal aberrations (as breaks, gaps, centric 

fusion, fragile sites, satellite associations, 

endoreduplication). Karyotyping
17

 was performed on 

peripheral blood samples using solid Giemsa stain and 

GTG- banding technique  according to the 

International System for Human Chromosome 

Nomenclature (ISCN
18

. 4- The micronucleus test
19

 

was performed using cytochalasin B to measure 

genotoxicity and DNA damage. 

 

Statistical Analysis  
Data were fed to the computer using IBM SPSS 

software statistical package version 20.0. Both 

statistical analysis and tabulation were done according 

to Altman
20

. Differences between 2 continuous 

variables were compared with student unpaired "t" 

test. Differences between 3 or more continuous 

variables were compared with one way analysis of 

variance (ANOVA) using Scheffe’s method for 

multiple comparisons. Differences between 

proportions were compared with the chi- squared test 

and Fisher’s exact test. Level of significance was set 

at p<0.05
15

.
 
 

 

RESULTS 
 

I. Results of the clinical data (Table 1): 

Age of the control group ranged between 39-68 

yr with a mean of 49.8±9.72. Age of RA patients 

ranged between 15-75 yr with a mean of 42.47±11.56. 

Disease duration ranged between 1-30 yr with a mean 

of 6.73±5.77. All cases of the DMARDs group 

(no=20) received folic acid with a dose of 0.5 mg/day. 

Disease activity as judged by DAS28 ranged between 

3.32-7.34 with a mean of 4.98±0.94. Sixteen cases 
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(53.3%) had moderate disease activity while high 

disease activity was observed in 14 (46.7%) cases. All 

cases were rheumatoid factor positive. Eighteen cases 

(60%) with RA were on or have taken oral 

contraceptive pills (OCPs) for more than 5 years. 

Twenty one RA patients (75%) out of 28 who had 

children have confirmed less severity of the RA 

disease during pregnancy while the answers were 

inconclusive in the other 7 patients. Breast feeding for 

more than a year was also associated with less disease 

activity in 17 cases (81%) out of the 21 cases who had 

children and breast feeding. All cases were of low 

socioeconomic status, and 28 of them (93.3%) were 

without university degree. Eleven cases (36.7%) had 

abortions, 8 of them (72.7%) were receiving 

DMARDs. All cases were Egyptian non-smokers 

         

II.    Results of cytotoxicity: 

Table (2) and Figure (1) compare between 

chromosomal aberrations in RA patients and the control 

group. There was a significant difference in the 

chromosomal aberrations (CAs) between the two 

groups (p<0.05) and this difference was highly 

significant as regarding breaks (p<0.001). This finding 

indicates that CAs (as a measure of cytotoxicity) is a 

manifestation of the RA disease itself. There was no 

significant difference between the two groups as 

regards the MI.  

Table (3) illustrates the significance of CAs (as 

regards breaks, Sat Ass, dmin, endoreduplication, 

aneuploidy, and other aberrations; p<0.05) between 

the control and the different groups of RA patients 

where statistically significant difference was found 

between the control and the NSAIDs group (p1), 

between the control and the DMARDs group (p2), 

between the control and the moderate disease activity 

group (p3), between the control and the high disease 

activity group (p4), and between the control and the 

30 RA patients of the study (with moderate and high 

activity; p5) indicating that cytotoxicity is a part of the 

RA disease. There was neither significant difference 

between chromosomal aberrations encountered in the 

NSAIDs and the DMARDs group (p6 where p>0.05), 

nor between RA patients of moderate and high disease 

activity (p7 where p>0.05). No significant difference 

was observed between control and RA patients 

regarding the MI.  

Table (4) shows the difference in CAs between 

RA patients on NSAIDs and DMARDs patients on 

MTX and MTX & SSZ. There was a significant 

difference (p<0.05) between RA patients on MTX and 

those on NSAIDs as regards Sat Ass, 

endoreduplication and aneuploidy only (p1) while the 

difference in the other CAs as breaks, dmin, and other 

aberrations were not statistically significant (p˃ 0.05). 

This finding points to the toxicity of MTX which has 

been partially prevented by the use of folic acid in the 

patients of the present study. The same findings were 

found in the MTX & SSZ group when compared to 

NSAIDs (p2) so denoting that no more toxicity was 

observed due to the use of SSZ. There was no 

significant difference between the MTX group and the 

MTX & SSZ one which indicates whether that SSZ is 

not toxic  or that its toxicity has been masked by the 

use of folic acid. 

Table (5) shows the frequency of cells with CAs 

observed in the control, RA patients with disease 

durations between 1-<5 years, 5-<10 years, and 10-30 

years where there was a highly significant difference 

(P≤0.001) in all the studied  markers of cytotoxicity 

between the control and RA patients irrespective of 

the disease duration. 

Table (6) demonstrates the frequency of CAs 

observed in the control, and in RA patients receiving 

DMARDs for a period of 1-5 years, and ˃  5 years. 

The results show a high significant difference between 

the control and RA patients on DMARDs irrespective 

of the time of use (p1 and p2 where p ≤0.001). RA 

patients who where on DMARDs for a longer duration 

(˃  5 years) showed a statistically significant increase 

in all the cytogenetic markers (except other 

chromosomal aberrations; p3 was ≤ 0.05). 

 

III.   Results of genotoxicity (Micronucleus test): 

Table (7) and Figure (2) show that the difference 

between binucleated cells (BN) with MNi and BN 

cells with NPB and the necrotic and/or apoptotic cells 

between the 30 RA patients and the control group was 

statistically significant so illustrating that genotoxicity 

is a part of RA disease itself. 

Table (8) shows that the number of MNi in the 

30 RA patients was high in 86.67% (>6 MNi), and 

moderate in 13.33% (3-5 MNi) as compared to the 

control group where 80% had the normal number of 

MNi (0-2). This difference in the MNi number was 

highly significant (<0.0001) so documenting the 

genotoxicity of RA. 

Table (9) demonstrates that there was a 

significant difference in the BN cells with MNi, NPB, 

and necrotic and/or apoptotic cells between the control 

group and each of the following: the NSAIDs group 

(p1), the DMARDs group (p2), the moderate disease 

activity group (p3), the high disease activity group 

(p4), and the 30 RA patients with moderate and high 

disease activity (p5) where the p value was <0.05. 

There was no significant difference between NSAIDs 

and DMARDs groups except  in the number of BN 

with one MNi (p6). There was also no significant 

difference between the moderate and high disease 

activity groups as regarding the genotoxicity (p7 

where p was >0.05).  
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There was a significant difference in BN cells 

with one MNi, NPB and necrotic and/or apoptotic 

cells between the NSAIDs group and the MTX one 

which agrees with the results of the cytotoxicity 

(chromosomal aberrations) and also between the 

NSAIDs and the MTX & SSZ group. There was no 

significant difference between the MTX and the MTX 

& SSZ groups (Table 10). 

 

 

Table 1. Summary of the clinical data of the study groups. 
  

  
Total cases 

(n=30) 

NSAIDs 

(n=10) 

MTX 

(n=12) 

MTX,SSZ 

(n=8) 

DMARDs  

(Total (no=20) 

Age 

(yr) 

Range 

Mean±SD 

15-75 

42.47±11.56 

28-75 

43.1±13.5 

29-63 

43.08±13.45 

15-55 

40.8±11.6 

15-63 

42.2 ±11.76 

Disease Duration 

(yr) 

Range 

Mean±SD 

1-30 

6.73±5.77 

1-7 

4.3±1.9 

1-30 

7.92±8.08 

3-14 

8.0±4.2 

1-30 

7.95±6.43 

Period of drug 

Use (yr) 

Range 

Mean±SD 

1-30 

5.9±5.71 

1 -6 

3.5±2.72 

1 -30 

7.3±8.05 

2-14 

6.8±4.2 

1-30 

7.1±6.27 

Folic acid 
No. 

% 

20 

66.7 

0 

0.0 

12 

60 

8 

40 

20 

100 

DAS28 
Range 

Mean±SD 

3.0-7.3 

4.98±0.94 

3.74-5.81 

4.65±0.7 

3.32-6.64 

5.0±0.99 

4.18-7.34 

5.37±1.1 

3.32-7.34 

5.15±0.86 

Disease activity 

Moderate 

No. 

% 

16 

53.3 

7 

43.8 

6 

37.5 

3 

18.7 

9 

56.2 

Disease activity 

High 

No. 

% 

14 

46.7 

3 

21.4 

6 

42.9 

5 

35.7 

11 

78.6 

Abortion       

0 
No. 

% 

19 

63.3 

7 

36.8 

7 

36.8 

5 

26.3 

12 

63.2 

1 
No. 

% 

6 

20 

2 

33.3 

3 

50.0 

1 

16.7 

4 

66.7 

2 
No. 

% 

3 

10 

1 

33.3 

0 

0.0 

2 

66.7 

2 

66.7 

More (3-7) 
No. 

% 

2 

6.7 

0 

0.0 

2 

100.0 

0 

0.0 

2 

100 

Total cases of 

abortions 

No. 

% 

11 

36.7 

3 

27.3 

5 

45.5 

3 

27.3 

8 

72.7 

  

 

Table 2. Comparison between the chromosomal aberrations in rheumatoid arthritis patients and the control group. 
 

  Breaks Sat Ass. dmin 
Endo- 

redup. 
Aneupl. 

Other 

Aberr. 
MI 

Control 

(10) 

Range 

Mean±SD 

0-3 

0.6±1.07 

0-21 

6.2±6.49 

0.0-0.0 

0.0±0.0 

0.0-0.0 

0.0±0.0 

0.0-0.0 

0.0±0.0 

0.0-0.0 

0.0±0.0 

4.2-10.6 

6.8±2.11 

RA patients 

(30) 

Range 

Mean±SD 

0-43 

14.77±11.58 

15 - 68 

38.16±14.77 

0-20 

2.03±4.77 

0-36 

9.7±8.31 

0-13 

5.3±4.5 

0-4 

0.70±0.51 

1.5-13.5 

5.76±3.25 

P-value  <0.001* <0.05* <0.05* <0.05* <0.05* <0.05* >0.05 N.S. 

Sat Ass: Satellite Association                dmin: double minute                  MI: Mitotic index 

Endo-redup: Endoreduplication             Aneup: Aneuploidy                    Aberr: Aberration 
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Table 3. Frequency of cells showing chromosomal aberrations in the control, RA patients on NSAIDs, RA patients on 

DMARDs, RA patients with moderate and high disease activity (out of 100 cells/ case). 
 

  Breaks 
Satellite 

association 

Double 

minutes 

Endo-

reduplication 
Aneuploidy 

Other 

aberrations 
Mitotic index 

Range 0 – 3 0 – 21.0 0.0 – 0.0 0.0 – 0.0 0.0 – 0.0 0.0 – 0.0 4.2-10.6 
Control (10) 

Mean±SD 0.6±1.07 6.2±6.49 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 6.8±2.11 

Range 0 – 36 15 – 48 0 – 15 0 – 16 0 – 8 0 – 2 1.5-10.1 RA patients on 

NSAIDs (10) Mean±SD 13.0±12.53 28.7±12.78 3.0±5.37 5.6±5.83 2.1±2.96 0.4±0.699 5.72±3.02 

Range 0-43 22-68 0-20 0-36 0-13 0-4 2.4-13.5 RA patients on 

DMARDs (20) Mean±SD 15.7±11.3 42.9±13.6 1.55±4.5 11.75±8.7 6.9±4.3 0.85±0.915 6.07±3.21 

Range 0-30 15-68 0-20 0-36 0-13 0-4 1.5-11.3 RA patients with 

moderate disease 

activity (16) Mean±SD 12.8±9.6 34.38±15.6 1.44±5.01 9.56±8.8 5.25±4.7 0.69±0.48 6.37±3.07 

Range 0-43 20-67 0-15 0-28 0-11 0-3 2.4-13.5 RA patients with 

high disease activity 

(14) Mean±SD 17.0±13.5 42.5±12.9 2.71±4.56 9.86±8.0 5.36±4.5 0.71±0.425 5.48±3.18 

Range 0 – 43 15-68 0-20 0-36 0-13 0-4 1.5-13.5 RA patients with 

moderate and high 

disease activity (30) Mean±SD 14.77±11.58 38.16±14.77 2.03 ±4.77 9.7±8.31 5.3±4.50 0.7±0.51 5.76±3.25 

P1 <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* >0.05 N.S. 

P2 <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* >0.05 N.S. 

P3 <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* >0.05 N.S. 

P4 <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* >0.05 N.S. 

P5 <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* >0.05 N.S. 

P6 >0.05 N.S. >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

P7 >0.05 N.S. >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

p1: p value between control and the NSAIDs group 

p2: p value between control and DMARDs group 

p3: p value between control and moderate disease activity group 

p4: p value between control and high disease activity group 

p5: p value between control and moderate and high disease activity group 

p6: p value between NSAIDs and DMARDs groups 

p7: p value between moderate and high disease activity group 

*: statistically significant at p ≤ 0.05       

 

Table 4. Frequency of cells showing chromosomal aberrations in the control, RA patients on NSAIDs, DMARDs RA 

patients on MTX and MTX & SSZ (out of 100 cells/ case). 
 

  
Breaks 

Satellite 

association 

Double 

minutes 

Endo-

reduplication 
Aneuploidy 

Other 

aberrations 

Mitotic 

index 

Range 0 – 36 15 – 48 0 – 15 0 – 16 0 – 8 0 –2 1.5 – 10.1 RA patients on 

NSAIDs (10) Mean±SD 13.0±12.53 28.7±12.78 3.0±5.37 5.6±5.83 2.1±2.96 0.4±0.699 5.72±3.02 

Range 0 -43 22 – 68 0 – 20 0 – 28 0 – 13 0 -4 2.4 – 10.1 RA patients on 

MTX (12) Mean±SD 18.42±12.9 41.33 ±15.92 1.83 ±5.75 11.0±7.59 6.92±4.13 0.42±1.21 5.2±2.85 

Range 4 – 25 33 – 60 0 – 4 4 – 36 0 – 11 0 – 3 3.4 – 13.5 RA patients on 

MTX & SZ (8) Mean±SD 11.5±7.23 45.25±9.62 1.13±1.64 12.88±10.63 6.88 ±4.11 1.5 ±0.83 7.38±3.02 

P1 >0.05 <0.05* >0.05 <0.05* <0.05* >0.05 >0.05 

P2 >0.05 <0.05* >0.05 <0.05* <0.05* >0.05 >0.05 

P3 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

p1: p value between methotrexate group and NSAIDs group 

p2: p value between methotrexate & salzopyrin group and NSAIDs group  

p3: p value between methotrexate group and methotrexate & salzopyrin group   

*: statistically significant at p ≤ 0.05 
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Table 5. Frequency of cells showing chromosomal aberrations in the control and RA patients with different disease 

duration (out of 100 cells/ case). 
 

  Breaks 
Satellite 

association 

Double 

minutes 

Endo-

reduplication 
Aneuploidy 

Other 

 aberrations 

Range 0 – 3 0-21.0 0.0-0.0 0.0-0.0 0.0-0.0 0.0-0.0 
Control (10) 

Mean±SD 0.6±1.07 6.2±6.49 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 

Range 3-43 17-46 0-2 0-15 0-10 0-4 RA patients with disease 

duration 1-<5 years (13) Mean±SD 15.54±11.67 32.38±8.97 0.15±0.55 6.77±5.07 3.77±2.98 0.46±0.98 

Range 0-36 15-67 0-15 0-28 0-8 0-3 RA patients with disease 

duration 5-<10 years (9) Mean±SD 17.11±13.66 39.78±8.53 3.78±5.45 11.78±9.44 3.66±3.21 0.78±0.384 

Range 0-30 25-68 0-20 0-36 1-14 0-3 RA patients with disease 

duration 10-30 years (8) Mean±SD 10.88± 9.11 45.75±5.54 3.13±6.92 12.13±10.56 7.70±4.47 0.80±0.92 

P1 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 

P2 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 

P3 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 

p1: p value between control and RA patients with disease duration between 1-<5 years  

p2: p value between control and RA patients with disease duration between 5-<10  years 

p3: p value between control and RA patients with disease duration between 10-30  years *: statistically significant at p ≤ 0.05       

 

Table 6. Frequency of cells showing chromosomal aberrations in the control, RA patients on DMARDs for different 

periods (out of 100 cells/ case). 
 

  Breaks 
Satellite 

association 

Double 

 minutes 

Endo- 

reduplication 
Aneuploidy 

Other 

 aberrations 

Range 0 – 3 0 – 21.0 0.0 – 0.0 0.0 – 0.0 0.0 – 0.0 0.0 – 0.0 
Control (10) 

Mean±SD 0.6±1.07 6.2±6.49 0.0±0.0 0.0±0.0 0.0±0.0 0.0 ± 0.0 

Range 4-43 22-60 0-4 0-20 0-10 0-4 RA patients on DMARDs 

for 1-5 years (11) Mean±SD 17.64±11.63  38.64±9.85  0.55±1.29 10.00±6.02 4.67±3.50 0.75±0.1.22 

Range 0-32 25-68 0-20 0-36 1-14 0-3 RA patients on DMARDs 

for ˃ 5 years (9) Mean±SD 13.22± 11.05 48.11±16.17 2.78±6.55 13.89±11.21  7.45±4.32  0.73±0.90 

P1 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 

P2 0.001* 0.001* 0.001* 0.001* 0.001* 0.001* 

P3 0.021* 0.013* 0.036* 0.048* 0.036* 0.689 

p1: p value between control and RA patients on DMARDs for 1-5 years 

p2: p value between control and RA patients on DMARDs for ˃  5 years 

p3: p value between RA patients on DMARDs for 1-5 years and RA patients on DMARDs for ˃  5 years  

*: statistically significant at p ≤ 0.05   

 

Table 7. Comparison between micronuclei (MN), nucleoplasmic bridges (NPB), and necrotic and/or apoptotic cells in 

rheumatoid arthritis patients and control. 
 

  BN cells with MN BN cells with NPB Necrotic and/or apoptotic cells 

Control (10) 

Total 

Range 

Mean±SD 

15 

0 -3 

1.5±1.2 

8 

0 – 3 

0.8±1.0 

23 

0 -5 

2.3±1.8 

RA patients 

(30) 

Total 

Range 

Mean±SD 

652 

4-45 

21.73±12.38 

398 

3-40 

13.27±9.96 

288 

4-52 

29.93±12.10 

p value  <0.01* <0.01* <0.001** 

 
Table 8. Comparison between the frequency distribution of the MN (by number) in RA patients and control. 
 

  0-2 MN (Normal) 3-5 MN (Moderate) > 6 MN (High) 

Control (10) 
No 

% 

8 

80 

2 

20 

0 

0 

RA patients (30) 
No 

% 

0 

0 

4 

13.33 

26 

86.67 

P-value  <0.0001* 
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Table 9. Frequency of micronuclei, nucleoplasmic bridges (out of 1000 cells/ case), necrotic, and/or apoptotic cells 

(out of 500 cells/ case) in the study groups. 
 

  

BN cells  

with no 

MN 

BN cells 

with one  

MN 

BN cells with 

more than  

one MN 

Total no of BN 

cells with 

MNi 

BN cells 

with  

NPB 

Necrotic and/or 

apoptotic cells/ 

500 cells 

No. 9985 9 6 15 8 23 
Control (10) 

% 99.85 0.09 0.06 0.15 0.08 0.46 

No. 9891 89 20 109 92 50 
RA patients on NSAIDs (10) 

% 98.9 0.89 0.2 1.09 0.92 1.0 

No. 19,457 453 90 543 306 238 
RA patients on DMARDs (20) 

% 97.29 2.27 0.45 2.72 1.53 2.38 

No. 15,737 305 56 361 192 125 RA patients with moderate 

disease activity (16) % 98.36 1.91 0.35 2.26 1.2 1.56 

No. 13,704 237 54 291 206 163 RA patients with high disease 

activity (14) % 97.89 1.69 0.39 2.08 1.47 2.33 

No. 29,431 542 110 652 398 288 RA patients with moderate and 

high disease activity (30) % 98.1 1.81 0.37 2.17 1.37 1.92 

P1 >0.05 <0.05* >0.05 <0.05* <0.05* <0.05* 

P2 >0.05 <0.05* >0.05 <0.05* <0.05* <0.05* 

P3 >0.05 <0.05* >0.05 <0.05* <0.05* <0.05* 

P4 >0.05 <0.05* >0.05 <0.05* <0.05* <0.05* 

P5 >0.05 <0.05* >0.05 <0.05* <0.05* <0.05* 

p6 >0.05 <0.05* >0.05 >0.05 >0.05 >0.05 

P7 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

p1: p value between control and the NSAIDs group 

p2: p value between control and DMARDs group 

p3: p value between control and moderate disease activity group 

p4: p value between control and high disease activity group 

p5: p value between control and moderate and high disease activity group 

p6: p value between NSAIDs and DMARDs groups 

p7: p value between moderate and high disease activity group 

p: p value for chi-square test               *: statistically significant at p ≤ 0.05       

 

 

Table 10. Frequency of micronuclei, nucleoplasmic bridges (out of 1000 cells/ case), necrotic, and/or apoptotic cells 

(out of 500 cells/ case) in the control, RA patients on NSAIDs, DMARDs RA patients on MTX and MTX & SSZ the 

study groups. 
 

  
BN cells with 

no MNi 

BN cells with 

one MN 

BN cells with 

more than one 

MN 

Total no of BN 

cells with MNi 

BN cells with 

NPB 

Necrotic 

and/or 

apoptotic cells/ 

500 cells 

No. 9891 89 20 109 92 50 RA patients on NSAIDs 

(10) % 98.9 0.89 0.2 1.09 0.92 1.0 

No. 11673 285 42 327 180 142 RA patients on MTX 

(12) % 97.28 2.38 0.35 2.73 1.5 2.37 

No. 7784 168 48 216 126 96 RA patients on MTX & 

SZ (8) % 97.3 2.1 0.6 2.7 1.58 2.4 

P1 >0.05 <0.05* >0.05 >0.05 <0.05* <0.05* 

P2 >0.05 <0.05* >0.05 >0.05 <0.05* <0.05* 

P3 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

P1: p value between MTX group and NSAIDs group 

P2: p value between MTX & SSZ group and NSAIDs group 

P3: p value between MTX group and MTX & SZ group 

p: p value for chi-square test*            Statistically significant at p ≤ 0.05   
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Figure 1. Photograph of a GTG karyotype of  a RA patient showing break in the long arm of chromosome 10 (10q, Upper 

left), Photograph of a metaphase spread (Giemsa stained) of a RA patient showing satellite association (Sat Ass) 

between 3 chromosomes of the D group and 2 of the G group (Upper right), Photograph of a karyotype of RA patient 

(GTG- banding) showing ring X- chromosome (lower left) and photograph of metaphase spread of a RA patient 

stained by Giemsa  showing chromosome endoreduplication (Lower right). 
 

  
Figure 2. Photograph of a normal binucleated (BN) cell (Upper left), Photograph of a binucleated cell with one 

micronucleus (MN) observed in RA patient (Upper right), Photograph showing a binucleated cell with more than one 

micronucleus (MN) seen in RA patient (Lower left), and photograph of  a binucleated cell with nucleoplasmic bridge 

(NPB) observed in RA patient (Lower right).  
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DISCUSSION 

 

The “Bermuda triangle” of genetics, 

environment and autoimmunity is involved in the 

pathogenesis of RA.
4
 The disease has a heterogeneous 

character. Although the pathogenesis of RA is 

incompletely understood, genetic factors play a vital 

role in susceptibility to RA as the heritability of RA is 

between 50 and 60%
21

. 

Bhatia et al.
22

 have compared the prevalence of 

rheumatoid factor, which is often present before the 

development of RA in individuals on oral 

contraceptive pills (OCPs) with the hypothesis that 

OCPs would be protective, and therefore individuals 

on OCPs would have a lower prevalence of 

rheumatoid factor than those who are not. This result 

suggests a protective effect of OCPs with regards to 

the development of rheumatoid factor, but not 

necessarily for RA. Ramos-Remus et al.
15

 have found 

no significant association between the MN number 

and the contraceptive use in the RA patients of their 

study. In the present study the opposite was observed 

were 18 cases (60%) with RA were on or have taken 

OCPs (for more than 5 years) and were rheumatoid 

factor positive so denoting that OCPs neither protect 

against the development of rheumatoid factor nor RA.  

Amelioration of RA has been observed during 

pregnancy with exacerbation in the postpartum period. 

Therefore, investigators sought to assess whether risk 

of disease is modified by breastfeeding. A recent study 

found that long-term breast feeding of greater than or 

equal to 13 months was associated with a significant 

reduction of the risk of RA
23

. These findings 

corroborate with a previous study which found that 

breast feeding more than 12 months was inversely 

related to the development of RA with a lower risk 

with longer duration of breast feeding
24

. In the present 

study 21 RA patients (75 %) out of 28 who had 

children have confirmed less severity of the RA 

disease during pregnancy while the answers were 

inconclusive in the other 7 patients. Breast feeding for 

more than a year was also associated with less disease 

activity in 17 cases (81 %) out of the 21 cases who 

had children and breast fed their babies. These 

findings are in agreement with the previous data about 

the protective effect of pregnancy and breast feeding.  

There is an inverse association between 

socioeconomic status measured by education and 

occupational class and risk of RA
25

. In the present 

study all cases were of low socioeconomic class, 

rheumatoid factor positive and 28 of them (93.3 %) 

were without university degree so confirming the 

above observation about the socioeconomic status.  

Increased chromosomal breakage is a common 

feature of some disorders such as lupus 

erythematosus, dermatomyositis, periarteritis nodosa 

and rheumatoid arthritis
26

. Kinne et al. 2001.
27

 have 

illustrated that chromosomal aberrations were 

observed in synovial tissue and  synovial fluid 

fibroblasts (SFB) of patients with RA, OA, and other 

inflammatory joint diseases while no aberrations were 

observed in the peripheral blood of the same patients. 

The study performed by Vincent et al.
28

 confirmed the 

significant elevation of the rate of chromosomal 

abnormalities and the presence of a breaking capacity 

of the serum in a series of 78 rheumatoid polyarthritis 

compared with a control group. These lesions were 

observed from the onset of the disease but were not 

specific of this disease. They concluded that 

chromosomal abnormalities do not seem to be 

randomly distributed on the chromosomes. They are 

not correlated with clinical or biological parameters in 

a statistically significant fashion. In the present study a 

significant increase in chromosomal aberrations in the 

form of breaks, Sat Ass, dmin, endoreduplication, 

aneuploidy and other aberrations was observed in the 

30 RA patients compared to control so suggesting that 

cytotoxicity is a manifestation of RA disease itself. 

This significant increase in chromosomal aberrations 

in RA patients was not correlated to the degree of 

disease activity (where no significance difference was 

noted between patients with moderate and high 

disease activity). There was a highly significant 

difference (p≤0.001) in all the studied  markers of 

cytotoxicity between the control and RA patients 

irrespective of the disease duration (RA patients with 

disease durations between 1-<5 years, 5-<10 years, 

and 10-30 years) so documenting that cytotoxicity 

occurs with the onset of the disease and is a 

manifestation of it.  These findings match the findings 

observed by Emerit
26

 and Vincent et al.
28

 but in 

contradiction with that of  Kinne et al.
27

. The other 

chromosomal aberrations encountered in the present 

study (as loss or gain of some chromosomes) seem to 

be randomly distributed except in the case of X- 

chromosome anomalies  as it occurred in 6 patients 

(30%)  receiving DMARDs (out of 20 patients) in the 

form of monosomy X, Xq-, and ring X. 

Among the various DNA lesions induced by 

MTX, chromosome breaks are considered the most 

important because of their potential to cause cell 

death, mutagenesis, and carcinogenesis
29

.  Shahin et 

al.
30

 have observed that MTX in a dose of 0.5 

mg/kg/day produced a significant genetic injury as 

proved by the increased incidence of CAs and MNi 

formation in Wistar albino rats. They  performed a 

study on 20 patients with RA (5 males and 15 

females) treated with 10 mg weekly dose of MTX, 

i.m., for one month, followed by the administration of 

the same dose of MTX in addition to 10 mg of folinic 
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acid as a single dose 4 hours after MTX 

administration, i.m., every week for another 4 weeks. 

Chromosomal studies as well as a micronucleus test 

were then evaluated for each patient. Their results 

showed that MTX produced a significant genetic 

injury as proved by the increased incidence of CAs 

and MNi. Inversely, folinic acid produced a 

satisfactory improvement of MTX-induced genetic 

damage in RA patients. They concluded that folinic 

acid has a protective effect against MTX genotoxicity 

in patients with RA. Similar results were reported by 

Theiss et al.
31

 and Mac Donald et al.
32

, whose studies 

showed an increase in trimetrexate (TMX) – a drug 

structurally similar to MTX – genotoxicity, as 

evidenced by increased CAs in TMX-treated rats. 

In the present study there was a significant 

difference in CAs between RA patients on DMARDs 

and control. In the same respect, there was a 

significant difference between RA patients on MTX 

and those on NSAIDs as regards Sat Ass, 

endoreduplication, and aneuploidy which indicates the 

cytotoxicity of MTX. The other CAs studied in MTX 

patients that showed no statistically significant 

difference between MTX and NSAIDs RA patients i.e. 

breaks, dmin, and other aberrations might be masked 

by the protective effect of folic acid used concurrently 

with MTX. 

Sat Ass is known to occur in meiosis as well as 

in mitosis where the respective chromosomes 

(meiosis) or chromatids (mitosis) may fail to disjoin 

so leading to chromosomal aneuploidy.
33

. Lezhava et 

al.
34

 have mentioned that the associations of human 

acrocentric chromosomes account for elevated 

incidence of chromosome rearrangements and 

consequently, can cause chromosomal disorders. The 

normal range of Sat Ass established by examining 

1161 metaphase plates of 22 controls ranged from 2-

27% with a mean of 13.3%
33

. In the present study, the 

mean of Sat Ass in the control group was 6.2±6.49, in 

RA patients was 38.16±14.77. Rheumatoid arthritis 

patients of the present study had a significantly high 

frequency of Sat Ass which in turn can explain the 

high frequency of aneuploidy observed in these cases. 

This high frequency of Sat Ass can also explain the 

high incidence of abortions in RA patients of the 

present study (11 cases; 39.3%, 8 of them i.e. 72.7% 

were using DMARDs) which might be due to 

chromosome non-disjunction occurring in meiosis. To 

the best of our knowledge no study on the Sat Ass in 

patients with RA was found in the literature.  

Cronstein
35

 has mentioned that a great 

percentage of patients continued to take MTX for their 

RA for longer than any other second-line agent as it is 

more effective and well tolerated although toxicities 

were encountered. He also added that concomitant 

administration of either folinic acid or folic acid to 

patients with RA taking MTX demonstrated no 

difference in therapeutic efficacy of the MTX and 

prevention of methotrexate-mediated toxicity. 

However, the most recent guidelines issued by the 

American College of Rheumatology for the therapy of 

RA include the suggestion that folic acid or folinic 

acid may be useful in the prevention of complications 

of MTX therapy
36

. Ferraccioli et al.
37

 - after analysis 

of the response and toxicity of 126 patients with early 

active RA treated with MTX (with a dose of 10-20 

mg/week), and sulphasalazin (dose of 1- 3 g/day) - 

have stated that in long term treatment programmes 

the safety issue must receive considerable attention. 

In the current study, dmin, endoreduplication, 

aneuploidy, and other chromosomal aberrations showed 

a statistically significant increase in RA patients on 

MTX than control. The results also showed a high 

significant difference in all the cytogenetic markers 

examined between the control and RA patients on 

DMARDs irrespective of the time of use (for a period 

of 1-5 years, and ˃  5 years where p1 and p2 where 

≤0.001) so denoting the cytotoxicity of DMARDs used 

in the present study. RA patients who where on 

DMARDs for a longer duration (˃  5 years) showed a 

statistically significant increase in all the cytogenetic 

markers (except other chromosomal aberrations; p3 was 

≤ 0.05)  so illustrating that the cytotoxicity of DMARDs 

increases with the long duration of use (˃  5 years). 

These observations are in agreement with the above 

mentioned observations cited by Cronstein 
35

 and 

Ferraccioli et al.
37 

 about the toxicity of MTX. 

Compared with the general population, patients 

with RA have a higher risk of developing certain 

malignancies
38

.  A number of studies have found an 

increased risk of malignancy in RA patients treated 

with disease-modifying antirheumatic drugs 

(DMARDs). Methotrexate may be associated with 

hemopoietic malignancies, although the literature 

consists predominantly of case reports
39

. In a case-

control study, Williams et al.
39

 found that RA patients 

with leukemia or lymphoma showed a trend toward 

increased prior methotrexate or azathioprine use 

compared with matched RA controls without leukemia 

or lymphoma. The high frequency of dmin, and 

endoreduplication observed in the DMARDs and 

MTX groups of the present study can lead to increased 

risk of malignancy in RA patients so explaining the 

observations made  by Woodrick and Ruderman
38

 and 

Williams et al.
39

. 

Studies in vitro and in experimental animals 

have reported that MTX may induce MN in a dose 

dependent manner
40,41

, and that folinic acid 

supplementation reduces the cytogenetic damage 

induced by MTX
42

. Yet to the best of our knowledge, 

MN induction has not been studied from peripheral 

blood in RA patients using MTX. 
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Iatropoulos et al.
43

 have cited that SASP, which 

has been in clinical use for over 50 years, was reported 

by the National Toxicology Program to increase 

micronuclei (MN) in cultured human lymphocytes. 

They found that treatment with folate has reduced the 

frequency of MN. They added that folate deficiency 

associated with SASP administration is probably 

responsible for aneuploidy in lymphocytes. 

Accordingly, SASP is judged to pose no carcinogenic 

risk to humans.   

On the contrary, The National Toxicology 

Program
44

 results of micronucleus assays performed 

on male or female mice exposed to SASP indicated 

that it is capable of inducing chromosomal damage, 

possibly in the form of aneuploidy, in mouse bone 

marrow cells after multiple administrations. 

In the present study there was a significant 

difference between RA patients on MTX & SSZ and 

those on NSAIDs as regards Sat Ass, 

endoreduplication and aneuploidy only while the 

difference in the other chromosomal anomalies as 

breaks, dmin, and other aberrations was not 

statistically significant. In the same time no significant 

difference was observed between the MTX group and 

the MTX & SZ one.  

The same results have been achieved as regards 

the MN test where significant difference was seen 

between RA patients on MTX & SSZ when compared 

to control as regards the frequency of BN cells with 

NPB, one (not more) MNi, and the necrotic and or 

apoptotic cells while no significant difference was 

observed between the MTX group and the MTX & 

SSZ one. These findings indicate whether that SSZ is 

not toxic (as it did not augment the MTX toxicity) or 

that its toxicity has been masked by the use of folic 

acid. Further studies are needed on RA patients using 

SSZ alone (not in combination with MTX) with and 

without folic acid use to delineate the cyto- and 

genotoxicity of SSZ. 

In a series of studies
45-47

 on folic acid deficiency 

in long-term primary human lymphocyte cultures, the 

interrelationship between MNi, NPBs and NBUDs 

(biomarkers of chromosome damage) and the impact 

of folic acid deficiency, has been quantified. Folic 

acid concentration correlated significantly and 

negatively  with all these markers of chromosome 

damage. Karaman et al.
48

 have found that the MN 

frequencies were significantly higher in RA patients -

both in the active and the inactive period- than in the 

controls. Their results suggested that the higher MN 

frequency (the DNA damage) in RA can be explained 

by increased oxidative stress (as evidenced by 

increased production of ROS) so leading to genetic 

instability.  They suggested that increased DNA 

damage may play an important role in the 

pathogenesis of RA.  

Ramos-Remus
15

 have performed MN assays on 

oral mucosal sweeps of 50 MTX treated RA patients, 

30 RA patients not receiving MTX and 39 healthy 

controls. Then they randomly placed the MTX treated 

RA patients in a cross-over design to receive folic acid 

supplementation, and MN assays were repeated after 6 

weeks. They found that the number of MN were 

significantly higher in RA patients as compared with 

controls.  However, no difference in the MN number 

was observed between users and non-users of MTX. 

MN in RA patients were more frequently in the 

moderate to high range compared with controls, 

whether or not they were users of MTX. They 

concluded that genotoxicity, as assessed by the MN 

assay, is increased in RA patients. They also added that 

these results suggest that genotoxicity is associated with 

RA itself and not with MTX use. Folic acid 

supplementation had no effect on the number of MN. 

In the present study two different groups of RA 

patients were assembled. The first group consisted of 

RA patients taking DMARDs (MTX or MTX & SSZ) 

for different durations. The second group consisted of 

RA patients who had never used MTX or SSZ. MN 

test was performed in all of these patients and the 

results were compared with healthy controls. These 

groups allowed an assessment of whether RA patients 

who were or were not using MTX have more MN than 

healthy controls.  

In the present study there was a statistically 

significant increase (p<0.01) in the mean MNi 

(21.73±12.38) and the mean NPB (13.27±9.96, 

p<0.01) in RA patients compared with controls 

(means of 1.5±1.2 and 0.8±1 for MNi and NPB 

respectively), regardless of their MTX use. This 

suggests that RA itself rather than MTX induces MNi, 

which is in accord with the suggestion that the 

increased risk of leukemia may be due to RA itself
39

. 

The number of MN detected in any person is 

classified as normal when lies between 0-2, moderate 

(3-5), or high if ≥ 6. The number of MNi in the 30 RA 

patients in the current study was high in 86.67% (>6 

MNi), and moderate in 13.33% (3-5 MNi) as 

compared to the control group where 80% had the 

normal number of MNi (0-2). This difference in the 

MNi number was highly significant (<0.0001) so 

documenting the genotoxicity of RA. This finding is 

also in agreement with that of Ramos-Remus et al.
15

 

and Shahin et al.
30

. There was a significant difference 

in BN cells with one MNi (not more than one), NPB 

and necrotic and/or apoptotic cells between the MTX 

group and the NSAIDs one so documenting the 

genotoxicity of MTX and the partial protective effect 

of folic acid. Theses findings are also in agreement 

with the results of Shahin et al.
30

.  

Shahin et al.
30

 stated that the MTX-induced 

micronuclei formation might be explained by the 
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intracellular accumulation of the drug resulting in a 

continuous inhibition of deoxyribonucleotide 

triphosphate (dNTPs) synthesis, subsequently causing 

DNA lesions due to the inhibition of DNA repair. 

However, because insufficient dNTPs remain, DNA 

lesions induced by MTX genotoxicity present 

themselves as micronuclei. Jia et al.
49

 stated that MTX 

can cause the formation of acentric chromosome 

fragments and the malsegregation of whole 

chromosomes. Acentric chromosome fragments and 

whole chromosomes that are unable to interact with 

the spindle lag behind at anaphase, and as a result, 

they are not included in the main daughter nuclei. A 

lagging chromosome fragment or whole chromosome 

forms in a small separate nucleus; hence, the term 

micronucleus. 

The genotoxicity estimation for the MTX cases 

of the present study, as assessed by MN test, was 

consistent with that determined by karyotyping which 

suggests that both the MN assay and chromosome 

aberration analysis are capable of providing reliable 

cytogenetic damage assessment. 

In conclusion, CAs, MNi, and NPB were 

increased RA patients so suggesting that cytotoxicity 

and genotoxicity are manifestations of RA disease 

itself. These CAs, MNi, and NPB were not correlated 

to the degree of disease activity, and seemed to be 

randomly distributed except in the case of X- 

chromosome anomalies. MTX is still cyto-and 

genotoxic to RA patients despite the associated use of 

folic acid. This toxicity might be due to the high dose 

and its long time of use in the present study. OCPs 

neither protect against the development of rheumatoid  

factor nor RA.    Pregnancy and breast feeding have a 

protective effect against RA. There is an inverse 

association between socioeconomic status measured 

by education and occupational class and risk of RA. 
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