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Can the Thiol/Disulfide Imbalance Be a Predictor of Colchicine 
Resistance in Familial Mediterranean Fever?

Familial Mediterranean fever (FMF) is a chronic autoinflammatory condition characterized 
by fever attacks and recurrent polyserositis. Subclinical inflammation that persists during 
attack-free periods can result in oxidative stress (OS) damage. Thiol groups bind to reactive 
oxygen radicals and protect cells and tissues from OS damage. The aim of this study was to 
investigate the relationship between thiol-disulfide balance and colchicine resistance in 
FMF patients during an attack or attack-free period. A newly developed 
spectrophotometric method was used to measure native thiol (NT) and disulfide (DS) levels 
in FMF patients and an age-sex matched group of healthy controls. NT and DS levels were 
compared in FMF patients 1) with vs. without colchicine resistance; and 2) during an 
attack (FMF-AP) vs. attack-free period (FMF-AFP). A total of 118 FMF patients and 60 
healthy controls were studied. NT (P < 0.001) and total thiol (TT) (P < 0.001) levels in FMF 
patients were significantly lower compared to healthy controls. NT (P = 0.030) and TT 
(P = 0.010) levels of FMF-AP patients were significantly lower than that of FMF-AFP 
patients. FMF-AP patients had significantly higher DS levels than FMF-AFP patients 
(P = 0.039). Compared to FMF patients without colchicine resistance, elevated levels of DS 
(P = 0.019) but not NT (P = 0.620) and TT (P = 0.718) were found in those with colchicine 
resistance. Thiol-disulfide homeostasis is altered in FMF patients during an attack period 
and this imbalance may be associated with colchicine resistance.
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INTRODUCTION

Familial Mediterranean fever (FMF) is an autosomal recessive 
autoinflammatory disease characterized by frequent attacks 
and chronic inflammation (1). Whereas FMF is widely found 
among Mediterranean and Middle Eastern populations, spo-
radic cases have been reported in the Far East (2). Although it 
usually starts during childhood and progresses with attacks, the 
disease may be diagnosed late. Therefore, there is a long time 
between the onset of symptoms and the time patients are diag-
nosed and their treatment initiated.
  During attack periods, proinflammatory cytokines primarily 
interleukin (IL)-1β are released, and serum levels of acute phase 
reactants including C-reactive protein (CRP), serum amyloid A, 
fibrinogen, and erythrocyte sedimentation rates (ESRs) signifi-
cantly increase (3-5). Due to the persistent inflammation that 
occurs in FMF patients (6), they experience severe inflamma-
tion during both chronic and acute periods. Oxidative stress 
(OS) and oxidant/antioxidant imbalance have been demonstrat-
ed in FMF patients previously (7). Increased OS may play a role 
in the persistent subclinical inflammation in FMF. Increased OS 
is caused by the imbalance between the production and remov-

al of reactive oxygen species which in turn causes an increase 
in oxidative damage. Oxidant damage has harmful effects on 
both cellular molecules and cellular/extracellular structures. 
Dynamic thiol disulphide homeostasis status has critical roles 
in antioxidant protection. OS is reported to be involved in the 
prognosis of various diseases and syndromes including cardio-
vascular disorders, cancer, allergy, some neurological disorders, 
diabetes, and diabetic retinopathy (8-10). Colchicine, the gold 
standard treatment for FMF blocks the release of cytokines and 
microtubule depolymerization. Treatment with colchicine sup-
presses inflammation and the development of amyloidosis (11). 
However, around 30%–40% of all FMF cases partially respond 
to colchicine treatment and 5% of them are accepted as colchi-
cine resistant (12-14). No exact definition of colchicine resistance 
is found in the literature (15). But the most commonly accepted 
“colchicine resistant” definition is a patient having > 6 attacks/
year or > 4 attacks in the last 6 months (16).
  Thiol-disulfide balance has recently been a frequent topic of 
discussion. Erel and Neselioglu (17) have recently developed a 
new, simple and cost-efficient spectrophotometric method for 
measurement of thiol-disulfide. Thiols are functional groups 
present in the structure of main proteins. Thiols react with reac-
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tive oxygen radicals and become oxidized, and remove these 
radicals to prevent tissue damage. Reactive oxygen radicals are 
formed because of increased OS in the environment. Disulfide 
(DS) bonds form following this oxidation. DS bonds can be re-
duced back to thiol groups. Measurement of thiol-disulfide lev-
els indirectly shows OS levels. In a study of FMF patients in the 
attack-free period, thiol levels were found to be lower than healthy 
controls (18). This result is not surprising because FMF patients 
suffer from OS. Most probably, to protect the organism, thiol 
groups in FMF patients may have been bound to reactive oxy-
gen radicals and become oxidized and decreased.
  The aim of the present study was to assess whether thiol/di-
sulfide imbalance is related to attack and colchicine resistance 
in FMF patients.

MATERIALS AND METHODS

Study population
The present study is a cross-sectional study of 118 FMF patients 
(60 male, 58 female) and 60 healthy individuals (29 male, 31 fe-
male) of suitable age and gender. The study included adult FMF 
patients who had been admitted to our hospital rheumatology 
clinic and diagnosed with FMF according to Tel-Hashomer cri-
teria (19). The control group consisted of healthy individuals 
who had been admitted to our hospital’s internal medicine and 
rheumatology clinics and had no diseases detected after physi-
cal examination and analyses. People with tobacco and alcohol 
consumption, chronic medication use (FMF patients using the 
medication other than colchicine) were excluded from the study. 
The results of Mediterranean fever (MEFV) gene mutations were 
saved from hospital records.

Definition of attacks and colchicine resistance in FMF 
patients
Briefly, the criteria defining FMF attack included all the follow-
ing: fever ( ≥ 38°C) lasting from 6 to 72 hours accompanied by 
painful clinical findings of serositis/arthritis, skin rash and ele-
vated CRP (> 5 mg/L) levels, and/or ESRs (> 20 mm/h). Clini-
cally, colchicine resistance was defined as more than three typi-
cal FMF attacks within the last six months despite treatment with 
with 2 mg of colchicine or more (16).

Blood sampling
For FMF during an attack-free period (FMF-AFP) and healthy 
controls, peripheral blood samples were obtained after 12 hours 
fasting. A similar protocol was employed, within the first 24 hours 
of FMF attack for FMF during an attack period (FMF-AP). Ten 
mL plain tubes and 2-mL vacuum tubes containing ethylenedi-
aminetetraacetic acid (EDTA) were used. Blood samples were 
centrifuged at 1,500 g for 10 minutes. ESRs and CRP levels were 
measured within 3 hours of obtaining samples. Serum samples, 

which were obtained for thiol and DS studies were immediately 
frozen at −80°C until analysis. Native thiol (NT), total thiol (TT) 
and disulphide amounts of the FMF and healthy controls were 
examined in the same session with the same serum samples.

Biochemical analysis
For CRP, the immunoturbidimetric method with the Beckman 
Coulter AU5800 clinical chemistry system (normal value: < 5 
mg/L; Beckman Coulter, Inc., Brea, CA, USA) was used. The 
Alifax ESR analyser system modified western blot green meth-
od (standard value: < 20 mm/h; Alifax, Polverara, Italy) was 
used to analyze samples for ESR measurements. Serum NT, TT, 
and DS levels (µmol/L) were measured using the new, cost-ef-
fective spectrophotometric method described previously by 
Erel and Neselioglu (17). Briefly, reducible DS bonds were first 
reduced to form free functional thiol groups. Formaldehyde 
was used to remove unused and consumed sodium borohy-
dride, and after the reaction with 5,5′-dithiobis-(2-nitrobenzoic 
acid) (DTNB), all thiol groups including both reduced and na-
tive groups were determined. The amount of active DS was de-
termined by taking half of the difference between serum TT 
and NT groups. After the calculation of native and total thiols 
(-SH), DS amounts (−S-S), the percentage of disulfide/total thi-
ol (DTT) ratios, the proportion of native thiol/total thiol (NTT) 
ratios and the percentage of disulfide/native thiol (DNT) ratios 
were calculated (%).

Statistical analysis
All statistical analyses were conducted using SPSS software (ver-
sion 18; IBM Corp., Armonk, NY, USA). Kolmogorov-Smirnov 
test was used to detect whether the distribution of groups was 
homogeneous. Continuous variables with normal distribution 
were presented as mean ± standard deviation (SD), while con-
tinuous variables without normal distribution were presented 
as median (interquartile range [IQR]). Categorical variables have 
been shown as percentages or numbers. The groups were com-
pared by using the student’s t-test for continuous variables with 
normal distribution and Mann-Whitney U test for continuous 
variables with non-normal distribution. Categorical variables 
were analyzed by using χ2 tests. Correlation analysis among nu-
meric parameters were determined by using the Pearson’s and 
Spearman’s correlation test. A P value lower than 0.05 was con-
sidered significant.

Ethics statement
Ethics committee approval was received for this study from the 
Institutional Review Board of Ankara Numune Training and Re-
search Hospital (No. E-16-737). Written informed consent was 
obtained from all patients and controls.
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RESULTS

FMF patients and control group were similar in terms of age 
(35.6 ± 10.1 vs. 36.8 ± 11.6, P > 0.050) and gender distribution 
(M/F, 60/58 vs. 29/31, P > 0.050). The clinical and demographic 
characteristics of all FMF patients are presented in Table 1. Sev-

enty-four (60.2%) patients had positive family history and the 
most common symptom was fever (91.1%). Twenty-four pati
ents (19.5%) were colchicine resistant. Forty-two (34.1%) patients 
had typical FMF attacks. Table 2 shows the distribution of gene 
mutations among FMF patients.
  NT (349.9 ± 51.7 vs. 442.2 ± 58.4 µmol/L, P < 0.001), TT (388.1 
± 56.0 vs. 482.1 ± 57.3 µmol/L, P < 0.001), NT/TT (P < 0.001) 
values of FMF patients were significantly lower compared to 
the control group. DNT (P < 0.001), DTT (P < 0.001), CRP (P <  
0.001), and ESR (P = 0.021) values of FMF patients were remark-
ably higher compared to the control group. DS value of the FMF 
group was slightly higher compared to the control group. Thiol 
and DS values of FMF and the control group are given in Table 3.
  Comparison to FMF-AP, FMF-AFP had lower NT and TT val-
ues NT values (336.1 ± 50.3 vs. 357.5 ± 51.2 µmol/L, P = 0.031). 
Similarly, TT (370.4 ± 53.5 vs. 398.0 ± 55.3 µmol/L, P = 0.010) in 
FMF-AP were much lower compared to FMF-AFP. DS (22.8 ± 6.6 
vs. 20.2 ± 6.2 µmol/L, P = 0.039) DNT (P = 0.018), DTT (P = 0.018), 
CRP (P < 0.001), and ESR (P < 0.001) values in FMF-AP were 

Table 1. The demographic and clinical characteristics of FMF patients

Characteristics Values

Gender (F/M) 58/60
Age, yr 35.6 ± 10.1 (18–68)
Age at the time of diagnosis, yr 26.5 ± 11.1 (5–54)
Age at symptom onset, yr 17.6 ± 10.7 (2–48)
Disease duration, mon 106.2 ± 96.8 (0–480)
Family history 74 (60.2)
FMF symptoms
   Fever 112 (91.1)
   Peritonitis 111 (90.2)
   Pleuritis 45 (36.6)
   Arthritis 54 (43.9)
   Protracted febrile myalgia 4 (3.3)
   Erysipelas-like erythema 34 (27.6)
Vasculitis 3 (2.4)
Amyloidosis 6 (4.9)
End stage renal disease 7 (5.7)
Colchicine resistance 24 (19.5)
FMF attack 42 (34.1)

Data are shown as mean ± standard deviation (range) or number (%).
FMF = Familial Mediterranean fever.

Table 2. MEFV gene mutations in FMF patients

Variables MEFV gene mutations No. (%)

No mutation - 14 (13)
Homozygous M694V/M694V 29 (29.8)

M680I/M680I 6 (6.4)
A744S/A744S 1 (1.1)

Heterozygous M694V 10 (10.6)
M680I 2 (2.1)
V726A 2 (2.1)
A744S 1 (1.1)
E148Q 4 (4.3)
K695R 1 (1.1)
G304R 1 (1.1)

Compound heterozygous M694V/M680I 10 (10.6)
M694V/V726A 13 (13.8)
M694I/E148Q 2 (1.2)
M694V/E148Q 1 (1.1)
E148Q/L110P 1 (1.1)
M694V/R202Q 1 (1.1)
M694V/R761H 1 (1.1)
E148Q/R202Q 1 (1.1)
V726A/R202Q 1 (1.1)
V726A/A744S 1 (1.1)
M680I/E148Q 2 (2.1)
V726A/R761H 1 (1.1)
M680I/V726A 2 (2.1)

MEFV = Mediterranean fever, FMF = Familial Mediterranean fever.

Table 3. Laboratory results of the FMF and the control group

Variables
FMF patients 

(n = 118)
Control  
(n = 60)

P value

NT, µmol/L 349.9 ± 51.7 442.2 ± 58.4 < 0.001
TT, µmol/L 388.1 ± 56.0 482.1 ± 57.3 < 0.001
NTT × 100 90.1 ± 3.3 91.6 ± 2.1 < 0.001
DS, µmol/L 21.1 ± 6.5 19.9 ± 4.5 0.169
DNT × 100 6.2 ± 2.6 4.6 ± 1.2 < 0.001
DTT × 100 5.5 ± 2.2 4.2 ± 1.0 < 0.001
ESR, mm/h 10.5 (5–21) 7 (4–11) 0.001
CRP, mg/L 5 (1.5–12.5) 2 (1–4) < 0.001

ESR and CRP were given as median (IQR). The others were expressed as mean ±
SD. Calculated using Student’s t-test for normal distribution or Mann-Whitney U test 
for non-normal distribution.
FMF = Familial Mediterranean fever, NT = native thiol, TT = total thiol, NTT = native 
thiol/total thiol, DS = disulfide, DNT = disulfide/native thiol, DTT = disulfide/total thiol, 
ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, IQR = interquartile 
range, SD = standard deviation.

Table 4. Laboratory results of FMF patients in attack period and attack-free period 

Variables Attack (n = 42) Attack-free (n = 76) P value

NT, µmol/L 336.1 ± 50.3 357.5 ± 51.2 0.031
TT, µmol/L 370.4 ± 53.5 398.0 ± 55.3 0.010
NTT × 100 90.7 ± 3.2 89.8 ± 3.2 0.140
DS, µmol/L 22.8 ± 6.6 20.2 ± 6.2 0.039
DNT × 100 7.0 ± 3.0 5.7 ± 2.2 0.018
DTT × 100 6.4 ± 2.8 5.0 ± 1.6 0.008
ESR, mm/h 19.5 (12.2–29.2) 8 (5–17.5) 0.008
CRP, mg/L 19 (11–68) 3 (1–9) < 0.001

ESR and CRP were given as median (IQR). The others were expressed as mean ±
SD. Calculated using Student’s t-test for normal distribution or Mann-Whitney U test 
for non-normal distribution.
FMF = Familial Mediterranean fever, NT = native thiol, TT = total thiol, NTT = native 
thiol/total thiol, DS = disulfide, DNT = disulfide/native thiol, DTT = disulfide/total thiol, 
ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, IQR = interquartile 
range, SD = standard deviation.
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significantly higher compared to FMF-AFP (Table 4).
  Given in Table 5 is a comparison of TT, NT, CRP, ESR, and DS 
levels in FMF patients according to colchicine resistance. DS 
(24.4 ± 7.6 vs. 20.3 ± 5.9 µmol/L, P = 0.019), DNT, DTT, CRP, and 
ESR levels in the colchicine resistance group were found to be 
significantly higher than in patients without colchicine resistance.
  On correlation analysis, a negative correlation between NT 
levels and demographic and clinical parameters such as age (r =  
−0.228, P = 0.002), first symptom age (r = −0.204, P = 0.027), FMF 
diagnosis age (r = −0.303, P = 0.001), CRP (r = −0.153, P = 0.044), 
and ESR (r = −0.218, P = 0.004), while a positive correlation be-
tween colchicine dose and NT levels (r = 0.232, P = 0.014) were 
detected. There was a negative correlation between TT and age 
(r = −0.232, P = 0.002), first symptom age (r = −0.187, P = 0.043), 
FMF diagnosis age (r = −0.276, P = 0.003), CRP (r = −0.178, P =  
0.019), and ESR (r = −0.246, P = 0.001), while there was a posi-
tive correlation between TT and colchicine dose (r = 0.205, P =  
0.030). There was a positive correlation between DS and CRP 
(r = 0.153, P = 0.044) and ESR (r = 0.186, P = 0.014).

DISCUSSION

FMF is a chronic autoinflammatory disease with recurrent se-
rositis or arthritis attacks. Colchicine treatment is the standard 
therapy for avoiding attacks and amyloid deposition in FMF pa-
tients. However, a group of patients do not respond well to col-
chicine therapy (12-14). A high level of inflammation is seen dur-
ing the attack periods of FMF and in some patients there is a per-
sistent chronic subclinical inflammation between attack peri-
ods. This persistent chronic inflammation leads to OS and oxi-
dative tissue damage (7). Thiol/disulfide homeostasis has an 
important role in prevention of oxidative tissue damage. Find-
ings from the present study show that, FMF patients have sig-
nificantly lower levels of NT and TT than a group of healthy con-

trols. During attack periods, NT and TT levels fall in contrast to 
rising levels of DS. The DSDNT, and DTT ratios were significant-
ly higher among FMF patients with colchicine resistance than 
those without resistance. Dosages of colchicine were significant-
ly associated with NT and TT levels.
  Thiol groups are sulphur-containing protein compounds with 
antioxidant properties. They exist in plasma most prominently 
as bound to albumin and amino acids. A small portion of thiols 
in plasma contain cysteine, cysteinyl-glycine, glutathione, and 
methionine. Reactive oxygen radicals formed during OS react 
with thiols and become oxidized to form DS bonds. The DS bonds 
formed are reversible, and they can be reduced to thiol groups 
again. Maintaining the thiol-disulfide balance is essential for 
antioxidant defense and apoptosis. A thiol-disulfide imbalance 
can result in the formation of reactive oxygen radicals leading 
to endothelial dysfunction and apoptosis (20,21). The thiol-di-
sulfide balance is found to be altered in chronic conditions such 
as hypertension, diabetes mellitus, stroke, and hypothyroidism 
(22-25).
  Until recently, the thiol-disulfide balance was measured man-
ually by using the methods described by Erel and Neselioglu 
(17). This simple and cost efficient method uses a fully automat-
ic method to measure thiol-disulfide balance. Using this new 
method, Yucel et al. (26) found in their study of pregnant FMF 
patients that the thiol-disulfide balance is altered in FMF pati
ents compared to healthy controls. Sahin et al. (18) investigated 
total oxidant capacity and TT level in FMF patients. In this study, 
TT levels were found to be higher in FMF patients compared to 
the control group. The authors investigated TT levels only but 
did not explain the association between these high levels and 
defensive or compensative mechanisms.
  FMF is a chronic inflammatory condition characterized by pro-
inflammatory cytokines including tumor necrosis factor (TNF)-α, 
IL-1β, and IL-6. These cytokines are intensely released during 
acute attack periods but persists at a certain level in the absence 
of attacks as well (27,28). An inflammatory status is therefore 
present in FMF patients during both attack and attack-free pe-
riods. Persistent levels of cytokines eventually stimulate apop-
tosis thus leading to an increase in reactive oxygen radicals. OS 
is known to occur in FMF patients (29,30). Reduced activity of 
the antioxidant enzyme paraoxonase/arylesterase 1 (PON-1) in 
FMF patients has been associated with the increased OS (31). 
Also, increased levels of the macrophage migration inhibitory 
factor (MIF) in FMF patients is reported to cause increased in-
flammation and OS (32). Our study found lower levels of NT and 
TT in FMF patients compared to healthy controls. DS levels of 
FMF patients were also slightly higher than healthy controls. There 
was a negative correlation between ESR and CRP and NT and 
TT. Also, we found that thiol groups decrease as the age of FMF 
diagnosis increases. Because of reduced thiol levels due to bind-
ing of IL-1β thiol to DS bridges, plasma free IL-1β levels may in-

Table 5. Laboratory results of FMF patients with and without colchicine resistance

Variables
With resistance 

(n = 24)
Without resistance 

(n = 94)
P value

NT, µmol/L 343.4 ± 76.7 351.6 ± 43.5 0.620
TT, µmol/L 383.2 ± 80.4 389.4 ± 48.4 0.718
NTT × 100 89.3 ± 5.0 90.3 ± 2.6 0.387
DS, µmol/L 24.4 ± 7.6 20.3 ± 5.9 0.019
DNT × 100 7.7 ± 4.0 5.8 ± 1.9 0.039
DTT × 100 6.8 ± 3.4 5.2 ± 1.6 0.042
ESR, mm/h 22 (16.5–38) 9 (4.5–18) < 0.001
CRP, mg/L 10 (4–22.7) 4 (1–11) 0.016

ESR and CRP were given as median (IQR). The others were expressed as mean ±
SD. Calculated using Student’s t-test for normal distribution or Mann-Whitney U test 
for non-normal distribution.
FMF = Familial Mediterranean fever, NT = native thiol, TT = total thiol, NTT = native 
thiol/total thiol, DS = disulfide, DNT = disulfide/native thiol, DTT = disulfide/total thiol, 
ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, IQR = interquartile 
range, SD = standard deviation.
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crease and result in increased inflammation (33). According to 
the results of our study, thiol groups are severely diminished in 
FMF patients compared to healthy controls. Therefore, FMF pa-
tients may experience severe OS damage.
  Ediz et al. (34) also reported that OS in FMF patients in attack 
period is higher compared to patients in the attack-free period. 
Guzel et al. (35) suggested that thiol groups increase in attack 
periods. They suggested that thiol groups increase to reduce/
prevent oxidative damage. However, their study had only eight 
patients in acute attack period. On the other hand, the study by 
Yucel et al. (26) only investigated attack-free pregnant women 
FMF patients.
  On the contrary to previous studies, the current study exam-
ines FMF patients in both attack and attack-free periods and also 
the patients with colchicine resistance are compared to cases with-
out colchicine resistance in detail. In this study, twenty-four of 
the patients (19.5%) are colchicine resistant and forty-two (34.1%) 
patients have typical FMF attacks. NT and TT levels decrease 
while DS levels increase during an acute attack. Again, NT and 
TT levels were slightly lower in colchicine resistant cases when 
compared to those without colchicine resistance. DS levels were 
significantly higher in cases with colchicine resistance. The thiol 
groups may demonstrate a protective effect against the OS that 
occurs during an attack. The decrease in TT levels can be explain
ed by the reaction with reactive radicals. As far as we know, there 
are no studies in the literature that evaluates the relationship be-
tween thiol-disulfide balance and colchicine resistance in FMF 
patients during an attack or attack free period extensively.
  Colchicine is a conventional medicine used by FMF patients, 
and its principal effect is microtubule depolymerization. Col-
chicine prevents inflammation by blocking migration of neu-
trophils to the endothelium thus preventing IL-1β release (36). 
Colchicine has also been proposed as a cardioprotective agent 
due to its anti-inflammatory effects (37).
  Colchicine is known to have an antioxidant effect and to streng
then the antioxidant system. It is reported to interact with thiol 
groups (38). Colchicine decreases superoxide levels by interfer-
ing with the intracellular transport and thereby preventing the 
assembly of the nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase complex responsible for superoxide produc-
tion (39).
  In our study, NT and TT levels were slightly lower in cases 
with colchicine resistance compared to those without colchi-
cine resistance. DS levels were significantly higher in cases with 
colchicine resistance. Also, dosages of colchicine were signifi-
cantly associated with NT and TT levels. Therefore, a fully com-
pliant patient should be given the maximum dose of colchicine 
that could be achieved with tolerable doses (2 mg of colchicine 
or more).
  Thiol groups may be expended to explain increased inflam-
mation and reactive oxygen radicals in cases with colchicine 

resistance, and thereby thiol-disulfide balance may be broken 
for the DS. Solomon et al. (40) suggested that undergoing oxi-
dation and forming DS bonds of thiol groups does not diminish 
the effect of colchicine. Higher DS levels in cases with colchicine 
resistance compared to cases without colchicine resistance in 
our study suggest that, the breaking of thiol-disulfide balance 
may cause colchicine resistance.
  In conclusion, the present study shows that FMF patients ex-
perience severe OS, especially in the attack period. Thiol-disul-
fide homeostasis may have an effect on colchicine resistance.

ACKNOWLEDGMENT

All authors would like to thank Dr. Seda Colak (Department of 
Rheumatology, Ankara Numune Education and Research Hos-
pital, Ankara, Turkey) for her critical comments on the draft of 
this paper and assistance in statistical analyses.

DISCLOSURE

The authors have no potential conflicts of interest to disclose.

AUTHOR CONTRIBUTION

Conceptualization: Omma A, Sandikci SC, Kücüksahin O. Data 
curation: Omma A, Sandikci SC, Kücüksahin O, Alisik M, Erel O. 
Formal analysis: Omma A, Alisik M, Erel O. Investigation: Omma 
A, Sandikci SC, Kücüksahin O, Alisik M, Erel O. Writing - origi-
nal draft: Omma A, Sandikci SC, Kücüksahin O, Alisik M, Erel O. 
Writing - review & editing: Omma A, Sandikci SC, Kücüksahin 
O, Alisik M, Erel O.

ORCID

Ahmet Omma  https://orcid.org/0000-0003-2582-7445
Sevinc Can Sandikci  https://orcid.org/0000-0001-5921-8029
Orhan Kücüksahin  https://orcid.org/0000-0001-6577-8129
Murat Alisik  https://orcid.org/0000-0003-0434-3206
Ozcan Erel  https://orcid.org/0000-0002-2996-3236

REFERENCES

1. Gershoni-Baruch R, Brik R, Shinawi M, Livneh A. The differential contri-

bution of MEFV mutant alleles to the clinical profile of familial Mediter-

ranean fever. Eur J Hum Genet 2002; 10: 145-9.

2. Koo KY, Park SJ, Wang JY, Shin JI, Jeong HJ, Lim BJ, Lee JS. The first case of 

familial Mediterranean fever associated with renal amyloidosis in Korea. 

Yonsei Med J 2012; 53: 454-8.

3. Kim ML, Chae JJ, Park YH, De Nardo D, Stirzaker RA, Ko HJ, Tye H, Cen-

gia L, DiRago L, Metcalf D, et al. Aberrant actin depolymerization triggers 

the pyrin inflammasome and autoinflammatory disease that is depen-

dent on IL-18, not IL-1β. J Exp Med 2015; 212: 927-38.



Omma A, et al.  •  Thiol/Disulfide Imbalance in FMF

http://jkms.org    1593https://doi.org/10.3346/jkms.2017.32.10.1588

4. Chae JJ, Cho YH, Lee GS, Cheng J, Liu PP, Feigenbaum L, Katz SI, Kastner 

DL. Gain-of-function Pyrin mutations induce NLRP3 protein-indepen-

dent interleukin-1β activation and severe autoinflammation in mice. Im-

munity 2011; 34: 755-68.

5. Ben-Zvi I, Livneh A. Chronic inflammation in FMF: markers, risk factors, 

outcomes and therapy. Nat Rev Rheumatol 2011; 7: 105-12.

6. Korkmaz C, Ozdogan H, Kasapçopur O, Yazici H. Acute phase response 

in familial Mediterranean fever. Ann Rheum Dis 2002; 61: 79-81.

7. Karaguezyan KG, Haroutjunian VM, Mamiconyan RS, Hakobian GS, Na

zaretian EE, Hovsepyan LM, Hoveyan GA, Gevorkian EM, Hovakimyan 

SS, Zakarian AE, et al. Evidence of oxidative stress in erythrocyte phos-

pholipid composition in the pathogenesis of familial Mediterranean fe-

ver (periodical disease). J Clin Pathol 1996; 49: 453-5.

8. Halliwell B. Oxidative stress and cancer: have we moved forward? Biochem 

J 2007; 401: 1-11.

9. Yilmaz S, Ozgu-Erdinc AS, Demirtas C, Ozturk G, Erkaya S, Uygur D. The 

oxidative stress index increases among patients with hyperemesis gravi-

darum but not in normal pregnancies. Redox Rep 2015; 20: 97-102.

10. Cohen JM, Kramer MS, Platt RW, Basso O, Evans RW, Kahn SR. The asso-

ciation between maternal antioxidant levels in midpregnancy and pre-

eclampsia. Am J Obstet Gynecol 2015; 213: 695.e1-13.

11. Erer B, Demirkaya E, Ozen S, Kallinich T. What is the best acute phase re-

actant for familial Mediterranean fever follow-up and its role in the pre-

diction of complications? A systematic review. Rheumatol Int 2016; 36: 

483-7.

12. Majeed HA, Barakat M. Familial Mediterranean fever (recurrent heredi-

tary polyserositis) in children: analysis of 88 cases. Eur J Pediatr 1989; 148: 

636-41.

13. Zemer D, Livneh A, Danon YL, Pras M, Sohar E. Long-term colchicine treat-

ment in children with familial Mediterranean fever. Arthritis Rheum 1991; 

34: 973-7.

14. Ben-Chetrit E, Aamar S. About colchicine compliance, resistance and vir-

ulence. Clin Exp Rheumatol 2009; 27: S1-3.

15. Ozen S, Kone-Paut I, GülA. Colchicine resistance and intolerance in famil-

ial Mediterranean fever: definition, causes, and alternative treatments. Se-

min Arthritis Rheum Forthcoming 2017.

16. Hentgen V, Grateau G, Kone-Paut I, Livneh A, Padeh S, Rozenbaum M, 

Amselem S, Gershoni-Baruch R, Touitou I, Ben-Chetrit E. Evidence-based 

recommendations for the practical management of familial Mediterra-

nean fever. Semin Arthritis Rheum 2013; 43: 387-91.

17. Erel O, Neselioglu S. A novel and automated assay for thiol/disulphide 

homeostasis. Clin Biochem 2014; 47: 326-32.

18. Şahin A, Erten Ş, Altunoğlu A, Işıkoğlu S, Neşelioğlu S, Ergin M, Atalay HV, 

Erel Ö. Comparison of serum oxidant and antioxidant parameters in fa-

milial Mediterranean fever patients (FMF) with attack free period. Acta 

Reumatol Port 2014; 39: 316-21.

19. Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, Lidar T, Migdal A, Padeh 

S, Pras M. Criteria for the diagnosis of familial Mediterranean fever. Ar-

thritis Rheum 1997; 40: 1879-85.

20. Biswas S, Chida AS, Rahman I. Redox modifications of protein-thiols: emerg-

ing roles in cell signaling. Biochem Pharmacol 2006; 71: 551-64.

21. Circu ML, Aw TY. Reactive oxygen species, cellular redox systems, and 

apoptosis. Free Radic Biol Med 2010; 48: 749-62.

22. Ates I, Ozkayar N, Inan B, Yilmaz FM, Topcuoglu C, Neselioglu S, Erel O, 

Dede F, Yilmaz N. Dynamic thiol/disulphide homeostasis in patients with 

newly diagnosed primary hypertension. J Am Soc Hypertens 2016; 10: 159-

66.

23. Ates I, Kaplan M, Inan B, Alisik M, Erel O, YilmazN, Guler S. How does thi-

ol/disulfide homeostasis change in prediabetic patients? Diabetes Res 

Clin Pract 2015; 110: 166-71.

24. Kundi H, Ates I, Kiziltunc E, Cetin M, Cicekcioglu H, Neselioglu S, Erel O, 

Ornek E. A novel oxidative stress marker in acute myocardial infarction; 

thiol/disulphide homeostasis. Am J Emerg Med 2015; 33: 1567-71.

25. Gao C, Li T, Liu J, Guo Q, Tian L. Endothelial functioning and hemodyna

mic parameters in rats with subclinical hypothyroid and the effects of thy-

roxine replacement. PLoS One 2015; 10: e0131776.

26. Yucel A, Sanhal CY, Daglar K, Kara O, Uygur D, Erel O. Thiol/disulphide 

homeostasis in pregnant women with familial Mediterranean fever. Re-

dox Rep 2016; 21: 287-91.

27. Musabak U, Sengul A, Oktenli C, Pay S, Yesilova Z, Kenar L, Sanisoglu SY, 

Inal A, Tuzun A, Erdil A, et al. Does immune activation continue during 

an attack-free period in familial Mediterranean fever? Clin Exp Immunol 

2004; 138: 526-33.

28. Yildirim K, Uzkeser H, Keles M, Karatay S, Kiziltunc A, Kaya MD, Yildirim 

A. Relationship between serum interleukin-1beta levels and acute phase 

response proteins in patients with familial Mediterranean fever. Biochem 

Med (Zagreb) 2012; 22: 109-13.

29. Lagnoux D, Darbre T, Schmitz ML, Reymond JL. Inhibition of mitosis by 

glycopeptide dendrimer conjugates of colchicine. Chemistry 2005;11:3941-

50.

30. Kirkali G, Tunca M, Genc S, Jaruga P, Dizdaroglu M. Oxidative DNA dam-

age in polymorphonuclear leukocytes of patients with familial Mediter-

ranean fever. Free Radic Biol Med 2008; 44: 386-93.

31. Karakurt Arıtürk Ö, Üreten K, Sarı M, Yazıhan N, Ermiş E, Ergüder İ. Rela-

tionship of paraoxonase-1, malondialdehyde and mean platelet volume 

with markers of atherosclerosis in familial Mediterranean fever: an obser-

vational study. Anadolu Kardiyol Derg 2013; 13: 357-62.

32. Savran Y, SariI, Kozaci DL, Gunay N, Onen F, Akar S. Increased levels of 

macrophage migration inhibitory factor in patients with familial Medi-

terranean fever. Int J Med Sci 2013; 10: 836-9.

33. Migita K, Izumi Y, Fujikawa K, Agematsu K, Masumoto J, Jiuchi Y, Kozuru 

H, Nonaka F, Shimizu T, Nakamura T, et al. Dysregulated mature IL-1β 

production in familial Mediterranean fever. Rheumatology (Oxford) 2015; 

54: 660-5.

34. Ediz L, Ozkol H, Tekeoglu I, Tuluce Y, Gulcu E, Koyuncu I. Increased oxi-

dative stress in patients with familial Mediterranean fever during attack 

period. Afr Health Sci 2011;11 Suppl 1: S6-13.

35. Guzel S, Andican G, Seven A, Aslan M, Bolayirli M, Guzel EC, Hamuryu-

dan V. Acute phase response and oxidative stress status in familial Medi-

terranean fever (FMF). Mod Rheumatol 2012; 22:431-7.

36. Ben-Chetrit E, Bergmann S, Sood R. Mechanism of the anti-inflammatory 

effect of colchicine in rheumatic diseases: a possible new outlook through 

microarray analysis. Rheumatology (Oxford) 2006; 45: 274-82.

37. Gasparyan AY, Ayvazyan L, Yessirkepov M, Kitas GD. Colchicine as an 

anti-inflammatory and cardioprotective agent. Expert Opin Drug Metab 

Toxicol 2015; 11: 1781-94.

38. Erden M, Ediz L, Hız Ö, Tuluce Y, Ozkol H, Toprak M, Demirdag F. Effect 

of colchicine on total antioxidant capacity, antioxidant enzymes and oxi-

dative stress markers in patients with knee osteoarthritis. Int J Clin Med 

2012; 3: 377-82.



Omma A, et al.  •  Thiol/Disulfide Imbalance in FMF

1594    http://jkms.org https://doi.org/10.3346/jkms.2017.32.10.1588

39. Chia EW, Grainger R, Harper JL. Colchicine suppresses neutrophil super-

oxide production in a murine model of gouty arthritis: a rationale for use 

of low-dose colchicine. Br J Pharmacol 2008; 153: 1288-95.

40. Solomon F, Monard D, Rentsch M. Letter: stabilization of colchicine-bind-

ing activity of neuroblastoma. J Mol Biol 1973; 78: 569-73.

 


