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Effects of leflunomide therapy on serum lipid and lipoprotein
profiles in patients with rheumatoid arthritis (RA)

Cardiovascular morbidity and mortality is increased in patients with rheumatoid arthritis
(RA), which mightbe due to an increased prevalence of cardiovascular risk factors such as dyslipidemia
and dyslipoproteinemia (10, 14). The cause of this enhanced cardiovascular risk is unknown, but
inflammation is thought to play an important part (4) which is in line with the accumulating evidence
that inflammation has a prominent role in the development of atherosclerosis (9, 12).
Our aim was to investigate the effects of leflunomide therapy on lipid and apolipoprotein
(apo)Al, apoB, apoClIl, apoCIlInonB, apoE, apoEnonB and apoB-containing apoCIII and
apoE in patients with rheumatoid arthritis.

MATERIAL AND METHODS

The study group consisted of 10 patients (age 27-78 years) with RA, treated with leflunomide
dose of 20mg/day. The serum levels of lipid and apolipoprotein (apo)Al, apoB, apoClIl, apoCIlInonB,
apoE, apoEnonB and apoB-containing apoCIII and apoE were determined at baseline and after 3
and 6 months of treatment. In our group 3 patients had hypertension, 1 patient had diabetes and
Ipatients had glucose intolerance. In the treatment we included also the following medicaments 8
patients got low dose corticosteroids, 3 patients got angiotensin converting enzyme inhibitor (ACEI),
7 patients received steroid anti-inflammatory drugs (NSAID), 2 patients received analgesics drugs
and lpatients was treated with insulin.

Lipid and lipoprotein profiles were obtained in serum after 14-hour overnight fasting. Lipids and
lipoproteins were determined on Hitachi 902 analyser. The total cholesterol (TC) was estimated by the
enzymatic-colorimetric method, BIOMAXIMA, HDL-C by the direct method with immunoinhibition
(AB-VACO - BIOMAXIMA). HDL cholesterol, which is not bound with enzymes (cholesterol
esterase and cholesterol oxidase) and chromogens producing a coloured complex were determined.
Triglycerides (TG) were determined using the standard enzymatic technique (BIOMAXIMA).
LDL-cholesterol (LDL-C) was calculated according to the Friedewald formula. Non-HDL-C was
calculated as total cholesterol minus HDL-C. Apo Al, apoB were measured by Roche kit using
the turbidimetric methods. TRL were separated as non-HDL lipoproteins from apoClIInonB in the
HDL fraction using anti-apoB antibodies. The method with applied anti-apoB antibody separating
apoB-containing lipoproteins in VLDL+LDL (non-HDL) and non-apoB-containing lipoproteins in
HDL can be used in diagnosis and treatment of patients both with chronic allograft nephropathy
and atherosclerosis in post renal transplant patients. Lipoproteins (total apoCIII, apoCIHInonB and
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total apoE and apoEnonB) were measured by electroimmunodiffusion according to Laurell using a
commercial kit Sebia, USA.

RESULTS

Total cholesterol (TC), triglicerides (TG), LDL-C, and non-HDL.-C were significantly increased
as compared to reference group and not significantly increased after 3 and 6 months treatment. ApoB
concentration at baseline and after 3 and 6 months were not changed. The concentration of HDL-C
well as apoAl were improve after 3 and 6 months. Moreover, total apoE and apoEnonB were not
significantly increased as compared to reference group at baseline and increased after 3 months
and 6 months, respectively but apoB:E were not changed. The concentration of total apo CIII,
apoClllnonB, and apoB:CHI at baseline and 3 and 6 months were not changed. The atherogenic
lipid and lipoprotein ratios at baseline were more favorable after 3 and 6 months treatment.

Table 1. Lipid and lipoprotein profiles in reference group and in patients with R A at baseline
and after 3- and 6-months treatment with leflunomide

Reference group Basal After 3month After 6 month

n= 32 n=10 n= 10 n=10
TG 97.7+ 163 132.11 + 46.6° | 1325+ 74.6 131.5+ 73.2¢
TC 180.9 + 60.0 2238+ 37.6* |215.6+ 40.5¢ 2333 + 42.8°
LDL-C 103.9 + 42.6 148.6 +34.9° |144.8 + 36.9¢ 153.6 = 39.8¢
HDL-C 60.3+ 12.7 45.1 + 8.2 46.8 + 15.6 520 156
Non-HDL-C 1223+ 17.2 174.8 + 40.7¢ | 166.8 +44.8¢ 178.5 +48.1*
apoAl 167.6 + 16.7 170.5 x 349 167.6 +34.9 178.1 + 327
apoB 90.2+ 148 1113+ 278 955+ 194 109.7 £32.2
apoE 5.18+ .92 513+ 1.15 590+ 1.07 6.9 + 2.24°
apoEnonB 421 +1.08 445+ 1.03 524+ 1.15 598 + 1.65*
apoB: E 0.98 = 0.78 0.68 + 0.53 0.76 £ 0.46 0.92 x 0.72
apoClIIl 2.64 + (.51 2.87+ 0.89 298 +1.14 3.01% 1.19
apoCllinonB 1.86 + 0.41 207+ 045 2.04 £ 0.55 2.26 £0.85
apoB: CIII 0.78 = 0.23 0.805 + 0.53 0.985 x 0.79 0.74 +0.69
TC/HDL-C 340+ 0.75 5.08 + 1.58¢ 488+ 1.81* 4.57 =155
LDL-C/HDL-C 2.15+ (.68 353+ 1.29° 322+ 1.42¢ 3.09 x1.24¢
TG/HDL-C 1.68 0.13 3.05+ 1.35¢ 327+ 2.59¢ 273+ 195
apoAl/apoB 1.80 £ 0.40 1.65 £0.53 1.82+ 0.55 1.75 +0.61
apoAl/apoCIII 57.85+ 9.3 59.27+ 11.2 57.00+ 12.1 59.13+ 118

a - vs. reference group
DISCUSSION

Our investigation of patients with RA shows that disturbed lipid and lipoprotein profiles
caused on acceleration of atherosclerosis and cardiovascular disease (10, 14). It was suggested that
inflammation can also increased the cardiovascular risk by deterioration of the lipid profile (9). Other
investigators found an association between increased lipids such as oxidised low-density lipoprotein
cholesterol and proinflammatory cytokines such as CRP, interleukin 6 and tumor necrosis factor
(7, 11). The findings of the present study confirm these effects of inflammation on the various lipid
concentrations. This is supported by the demonstration of a decrease in HDL-C and apoAl levels
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and an increase in triglycerides and apoB levels during an acute-phase response (2, 6). We found
higher concentration of lipids (especially TC, LDL-C and non-HDL-C before treatment but after 3
and 6 of months concentration of these lipids was not changed). The concentration of HDL-C was
decreased before and increased after 3 and 6 months of treatment of leflunomide. Corticosteroid
use at baseline and 3 and 6 months treatment was associated with higher HDL-C and apoAl levels.
Corticosteroids may raise HDL-C levels by increasing apoA-I production by the liver or/and via a
mechanism decreasing CETP activity. Significantly reduced HDL-C levels and higher plasma CETP
activity were observed after prednisone therapy (5).

Several reports show anti-inflammatory effects of HDL and particularly apoAl. It was suggested
that apoAl is able to inhibit interactions between T lymphocytes and monocytes, thereby modulating
the inflammatory response (1). Moreover, another study showed the ability of apoAl to inhibit
interleukin 1 and tumor necrosis factor alfa, which further supports the theory of an active modulating
role of lipids in inflammation (8).

Apolipoprotein C (apoC) is associated with chylomicrons, VLDL-C a more favorable ApoE
and apoClIII concentrations in VLDL and LDL are associated with coronary heart disease. ApoCIII
modulates the metabolism of VLDL by inhibiting lipoprotein lipase activation by apoCIl, and the
binding of apoE to hepatic lipoprotein receptors. ApoCIII can also inhibit hepatic lipase, which plays
an important role in the conversion of dense VLDL to IDL and LDL. Hipertriglyceridemic patients
have increased plasma apoCIII concentrations and production rates compared with normolipidemic.
In contrast, apoCIII - deficient plasma have reduced VLDL triglyceride with rapid conversion of
VLDL to LDL. It has been suggested that apoB lipoproteins (VLDL, IDL, LDL) that have apoCII
are atherogenic in humans (3). ApoCIll concentrations in plasma and in apoB lipoproteins are
higher among patients with coronary disease than among controls. The interpretation of the role
of apoClIII is complicated by the presence of apoE in VLDL in addition to apoCIIl. ApoE can be
recognized by several cell surface receptors, facilitating the clearance of VLDL. Paradoxically,
apoE concentrations are high in hypertriglyceridemic patients and are associated with coronary heart
disease (3, 13). ApoCIII interferes with the function of apoE to bind cell surface LDL and LDL
receptor-related protein receptors. Triglyceride-rich particles without apoCHI or apoE could be the
most important precursors of plasma LDL, and this lipolytic pathway could play an important role in
hypercholesterolemic patients, who have high concentrations of these particles (13).

Our studies suggest that treatment with leflunomide made lipid and lipoprotein profiles more
favorable which was marked by lipid and lipoprotein ratios.

CONCLUSION

The study presented indicate that the patients with rheumatoid arthritis show an
athrogenic lipid and lipoprotein profiles and that treatment with leflunomide make lipid
and lipoprotein profiles and atherogenic indexes more favorable although long term
investigations are needed to confirm this.
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SUMMARY

The study group consisted of 10 patients (27-78 years) with RA, treated with leflunomide
20mg/day. The reference group was made up of 13 healthy subjects (22-57 years). The serum levels
of lipids and apoAl, apoB, apoClIl, apoClIlInonB, apoE, apoEnonB and apoB-containing apoCIII
(apoB:CIII) and apoE apoEnonB, apoB:E were determined at baseline and after 3 and 6 months
of treatment. Lipid and lipoprotein profiles were obtained in serum after 14-hour overnight fasting.
Total cholesterol (TC), LDL-C, triglicerydes (TG) and non-HDL-C were signiticantly increased
when compared to the reference group and not significantly increased at 3 and 6 months of treatment.
ApoB concentration at baseline and at 3 and 6 months were not changed. The concentrations of HDL-
C, apoAl, the atherogenic lipid and lipoprotein ratios were improved at 3 and 6 months. Moreover,
the total apoE and apoEnonB were not significantly increased as compared to the reference group
at baseline and increased at 3 months and 6 months, respectively, but apoB:E were not changed.
The concentrations of trigliceride and total apo CIII, apoClllnonB, and apoB:CIII concentration at
baseline and after 3 and 6 months were not changed. at baseline were more favorable after 3 and 6
months of treatment. The study presented indicate that the patients with RA show athrogenic lipid
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and lipoprotein profiles but the treatment with leflunomide makes lipid and lipoprotein profiles and
atherogenic indexes more favorable, although long term investigations are needed to confirm this.

Wplyw leczenia leflunomidem na profil lipidowy i lipoproteinowy pacjentéw z reumatoidalnym
zapaleniem staw6éw (RA)

Badana grupa stanowita 10 pacjentéw (27-78 lat) z RA, leczonych leflunomidem 20 mg/dobe.
Grupa referencyjna obejmowala 13 zdrowych 0s6b (22-57 lat). W surowicy pacjentéw oznaczono st¢ze-
nia lipidéw i apoAl, apoB, apoClIIl, apoCllInieB, apoB:ClIIl, apoE, apoEnieB, apoB:E przed orazw 31 6
miesigcu leczenia leflunomidem. W badaniach wykazano istotny wzrost st¢zenia TG, TC, LD1L.-C i cho-
lesterol zawarty poza frakcjg HDL (non-HDL.-C) w poréwnaniu z grupg referencyjna, co nie ulegto istot-
nym zmianom po leczeniu. Stezenia HDL-C, apoAl, warto$ci wskaZnikéw lipidowychi lipoproteinowych
wykazywaly korzystniejsze zmiany w 3 i 6 miesigcu leczenia. Stgzenia apoE, apoEnieB i apoB :E nie byly
istotnie podwyzszone przed leczeniem w poréwnaniu z grupg referencyjng i wzrosly w 3i 6 miesigculecze-
nia. Natomiast stezenia apoCIII, apoCllIInieB i apoB:CIII nie byly istotnie podwyzszone w poréwnaniu
z grupg referencyjng przed leczeniem i nie wykazywaly znamiennego wzrostu w 3 i 6 miesigcu le-
czenia. Przeprowadzone badania prezentuja miazdzycowy profil lipidowy i lipoproteinowy pacjentéw
z RA, a leczenie leflunomidem nie poglgbia tych zaburzen, ale wykazuje korzystniejsze tendencje,
jednak dalsze badania w tym kierunku s wymagane.



