A & 3 X o
Vol. 12, No. 1, March, 2005 0

Aegueta o ojst Yetma Fohe s

o (= = = = - — 1AL
2ots - Roob- Ush - WY UL - 25 - uyE - z8S

= Abstract =

Effect and Mechanism of Arginine-rich Anti-vascular Endothelial
Growth Factor Hexapeptide, RRKRRR, on the Regulation
of Rheumatoid Inflammation

Wan-Uk Kim, M.D., Seung-Ah Yoo, M.S., Hae-Rim Kim, M.D.,
Bo-hyoung Park, M.D., Jeong-Yo Min, M.D., Chong-Hyeon Yoon, M.D.,
Sung-Hwan Park, M.D., Chul-Soo Cho, M.D.

Division of Rheumatology, Department of Internal Medicine,
The Catholic University of Korea, Seoul, Korea

Objective: Vascular endothelial growth factor (VEGF) has been suggested to play a critical
role in the pathogenesis of rheumatoid arthritis (RA). It has been demonstrated that synthetic
arginine-rich hexapeptide, RRKRRR, shows significant inhibition of VEGF-induced angiogenesis,
and also retarded the growth and metastasis of colon carcinoma cell by blocking the interaction
between VEGF and its receptor. In this study, we investigated whether anti-VEGF RRKRRR
peptide (dRK6) could regulate the activation of mononuclear cells of RA patients and suppress
collagen-induced arthritis (CIA) in mice.

Methods: Synovial fluid mononuclear cells (SFMC) or synoviocytes from RA patients were
cultured in the presence of VEGF, and the levels of TNF-a and IL-6 were determined in the
culture supernatants by ELISA. Blocking experiments were performed by adding dRK6 to thecells
stimulated with VEGF. Additionally, the in vivo effect of dRK6 on the development of arthritis
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was tested in collagen induced arthritis (CIA) in DBA/1 mice. T cell responses to type Il collagen
(Cll) and IgG antibodies to Cll were examined in draining lymph node cells and sera of the

mice, respectively.

Results: dRK6 showed concentration-dependent inhibitory activity for the VEGF binding to its
receptor on human vascular endothelial cells. The treatment of dRK6 completely abrogated the
VEGF-induced productions of TNF-a and IL-6 by RA SFMC or synoviocytes. Moreover, a sub-
cutaneous injection of dRK6 resulted in a dose-dependent decrease in the severity and incidence
of CIA in mice. In these mice, the T cell responses to type Il collagen (CIl) in lymph node cells
and circulating IgG antibodies to Cll were also dose-dependently inhibited by the peptides.

Conclusion: We observed firstly that anti-VEGF dRK6 blocked the VEGF-induced production
of pro-inflammatory cytokine from RA SFMC and synoviocytes, and suppressed the ongoing paw
inflammation in mice. These data suggest that dRK6 may be an effective strategy in the
treatment of RA, and could be applied to modulate various chronic VEGF-dependent inflam-

matory diseases.
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Fig. 1. Effect of dRK6 on the binding of VEGF to cell
surface receptor. Human umbilical vein endo-
thelial cells (HUVEC) were incubated with 12
VEGF;6s and three different kinds of peptide,
RRKRRR (L- or D- amino acids) and KKKKKK.
Activity of each peptide was compared for
inhibitory effect on the binding of radio-labeled
VEGF;¢s to its receptors on the surface of
HUVEC. The y axis shows the percentage of
inhibition of I-VEGFes binding to its receptors
on the surface of HUVEC. Total binding and
nonspecific binding were 3,566+73 cpm and 145
t1 cpm, respectively. RK6, dRK6 and 6K denote
RRKRRR, rrkrrr and  KKKKKK, respectively,
where capitals represent L-amino acids and small
characters D-amino acids.
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Fig. 2. dRK6 inhibits VEGF-stimulated cytokine production by SFMC. Various concentrations of dRK6, ranging from
0 to 100uM, were pre-incubated with VEGF 10 ng/mL for 1 hour at room temperature, and then the VEGF
and dRK6 mixture were added to SFMC. The TNF-a and IL-6 concentration was measured by ELISA in the
culture supernatants. (A) Suppression of VEGF- stimulated TNF-a production from SFMC by dRK6. (B) Sup-
pression of VEGF-stimulated IL-6 production from SFMC by dRK6. Data represent the mean+SD of three
independent experiments (*: p<<0.05 versus medium alone, **: p<0.05 versus cells stimulated with VEGF 10

ng/mL).
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Fig. 3. dRK6 inhibits VEGF-stimulated IL-6 production by blocking the interaction of VEGF with its receptor on synovial

>
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Fig.

fibroblasts. Various concentrations of dRK6, ranging from O to 100pM, were pre-incubated with VEGF 10 ng/mL
for 1 hour at room temperature, and then the VEGF and dRK6 mixture were added to synovial fibroblasts. The
IL-6 concentration was measured by ELISA in the culture supernatants. (A) The interaction of 1. VEGF65 with
its receptor on synovial fibroblasts. (B) Suppression of VEGF-stimulated IL-6 production from SFMC by dRK6.
Data represent the mean+SD of three independent experiments (*: p<0.05 versus medium alone, **: p<0.05
versus cells stimulated with VEGF 10 ng/mL).
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4. Suppression of collagen-induced arthritis (CIA) by dRK6. From 3 weeks after the primary immunization, 25
or 50pg of dRK6 dissolved in PBS were injected in the CIA animals every other day for 3 weeks. The control
mice were received PBS alone. The severity and incidence of arthritis were determined in the three groups of
mice by a visual inspection. (A) Reduction in the incidence of arthritis in peptide-treated mice during the course
of CIA. (B) Decrease in the mean arthritis index in mice injected with the peptides. The data is presented as
the mean (SD) values. *: p<0.05, **: p<0.01, ***: p<0.001 versus mice treated with PBS alone.

Hi9} Zro] dRK6-> CIA TAHY Ao Hute] ZA  pg9 dRK6S T3t vl Fn=15)°14+ 53.3%,

#AAGe MARNIEY YIFEE & oEHoT 7+ 509 dRK6S T3 ulA Fm=15)A4E 333%
2AAT dE B, 07 B4 g2y v 2 SAHHAGE WS T gE v #3725
m=18)8] #AY FAYNEE H) 944%< ] vls| 25 o] dRK6E FoFdk vl F o #AY b
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Fig. 5. Suppression of the autoimmune responses to type II collagen (CII) by dRK6. (A) Levels of circulating IgG
antibodies (Abs) to CII in mice treated with PBS alone (n=18), 25pg of dRK6 (n=15), and 50pg of dRK6
(n=15), as determined at 6 weeks after primary immunization. The mean levels of IgG anti-CII Abs in the sera
diluted 1 : 10,000 were compared among the three groups for statistical analysis. (B) T cell responses to CII
in lymph node (LN) cells. Inguinal and popliteal LN were removed from similar groups of mice 6 weeks after
primary immunization. Pooled LN cells from four or five mice were cultured with or without 40pg/well of
CII. Mean background cpm without CII was 3,250+773. T cell responses are presented as the mean*(SD)
stimulation indices of five independent experiments. *: p<0.05, **: p<0.01 versus PBS-treated mice.
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