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Figure 1. Histologic changes in sections. (A) Cutaneous veins were - .

thin and showed no intimal thickening as detected by elastic vi pdure 2. Immunostgmlng fc_)r_ the e_ry_throponetln receptor (EPO'R)Z
Gieson staining. Arrows show thin intima (patient 4). (B) Promine )In _cut_an_eous veins, positive staln_lng for EPO-R was opse_rvgd n
intimal hyperplasia was evident in stenosed fistulae. Note that tHi€ thin intima, media, and adventitia. Arrows show thin intima
magnification of this photograph is similar to that of the cutaneo:{?aﬂem 4)_' (5)_Sta|n|ng for EPO-.R was 5|gn|f|pantly increased in
vein shown in A. Arrows show intimal hyperplasia (patient 1). (C) Al yperplastlf: .|nt|ma of the steqotlc f|§tu|a (pgtlent 1)'. (q strong
almost occluded fistula showing irregular intimal hyperplasia arﬁpo__R st:_:unlng was observed N anglogenesis of the intimal hyper-
marked cell proliferation. Arrows show areas of angiogenesis (pati ?St'c lesions (patient 10). Magnification.120.

10). Magnification,x48.

In Situ Hybridization
stenosed fistulae and the staining was essentially the same a3ells expressing TGB1 mRNA as demonstrated by situ
that of TGF81 (Figure 3D). Fibronectin EDA staining was hybridization were identical in most respects to those that stained
also similar to that of PAI-1 (Figure 3E). Sections treated witpositively with anti-TGFB1 antibody. In cutaneous veins,
nonimmune rabbit serum showed no immunostaining. TGF-81 mRNA was observed in the thin intima, media, and
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Table 3. Immunopositivity for EPO-R and TGB1?

Intima Media Adventitia
Access Site
EPO-R TGFB1 EPO-R TGFB1 EPO-R TGFB1
Cutaneous veins (& 7) 44+ 35 5325 11.6+ 8.7 11.1+ 3.4 7.1+ 3.8 7.4+ 3.2

Patent fistulae (= 8) 20.4+ 7.6° 22.4+ 8.0 13.9+27 164+65 129+ 65 9.9+ 35
Stenotic fistulae ("= 7)  45.3+20.1°¢ 350+ 11.2° 19.6+24 248+ 181 13.0-35 10.9+ 1.9

#Immunopositive cells were quantified by counting cells that were immunopositive for EPO-R an@T @Faistologic sections.
Results are expressed as number of positive cells per field counted0it magnification (meart: SD).

PP < 0.05 compared to cutaneous veins.

¢P < 0.05 compared to usual patent fistulae.

adventitia (Figure 3C). Remarkably strong expression of BEF- In this study, we examined the expression of EPO-R in
mMRNA was evident in areas of intimal hyperplasia in stenot&tenosed and patent parts of AV fistulae and cutaneous veins
fistulae (Figure 3D). Marked expression of TBE-mMRNA was obtained from patients receiving regular dialysis. We detected
noted even in patent portions of fistulae, and this was still less thaliferation of actin-positive cells and increased expression of
in stenotic fistulae, but much higher than in cutaneous veins. TGF-81, PAI-1, and fibronectin EDA-+in the hyperplastic
intima of stenosed fistulae compared to patent fistulae and
In Situ Binding Study cutaneous veins. We also observed increased expression of
EPO-R expression was determined ioy situ binding of EPO-R in actin-positive cells in hyperplastic intima of stenosed
biotin-EPO in serial tissue specimens. Binding was detectedfistulae. Furthermore, EPO-R-positive cells exhibiiadsitu
cutaneous veins and fistulae. Staining of biotin-EPO bound linding of biotin-EPO.
tissue was essentially the same as that of immunostaining foAlthough the expression of EPO-R in systemic organs outside
EPO-R using anti-EPO-R antibody. Greater binding of biotifrsone marrow has not yet been completely elucidated, endothelial
EPO was detected in areas of intimal hyperplasia (Figure 5/&nd smooth muscle cells of systemic vascular beds are reported to
Excess nonlabeled rhEPO prevented for the most part agress EPO-R (21,22). We confirmed the presence of EPO-R in

binding of biotin-EPO (Figure 5B). three layers of cutaneous veins of hemodialysis patients. Because
. . hypoxia is a strong stimulus for EPO production (32) and hypoxia
Discussion might stimulate EPO-R expression in tissues, enhanced expres-

The pathogenesis of fistula stenosis has been reviewed mien of EPO-R in the vessels may simply be the result of anemia
viously (9-11). Marked intimal hyperplasia of stenotic fistulaa dialysis patients. In addition, the relative abundance of EPO-R
may occur through various mechanisms such as turbulenceuat TGFg1 in intimal lesions was directly proportional to the
sites of venous valves, compliance mismatch, and vessel damamber of cells. It was not possible to discern whether upregula-
age due to previous venipuncture. Upstream or local releasdioh of the measured proteins was the cause of the observed
PDGF or other growth factors and shear-induced intimal injupyroliferation or a consequence of a greater number of cells capable
and repair specifically may mediate the proliferative responsd.expressing them. As stated in the results, since the number of

Whether access failures increase subsequent to rhEPO admaPO-R-positive cells did not correlate with the total or weekly
istration as treatment for renal anemia remains to be determirsedount or duration of rhEPO administered, we did not observe a
(5-8). To date, studies of the pathogenesis of fistula failurdsect correlation between use of rhEPO and stenosis. However,
related to rhEPO focus on thrombosis formation, in that rhER@Nnding studies did indicate that binding of rhEPO increased
increases the hematocrit and may increase blood viscosity amarkedly in the area of intimal hyperplasia. It is possible that
cause changes in coagulation systems (28—30). rhEPO imprasesgenous rhEPO could bind to vascular cells with increased
platelet function in hemodialysis patients (31) and increases PAteceptor expression and contribute to increased cell proliferation
in cultured endothelial cells (20), possibly contributing to fistuland matrix synthesis in stenotic vascular lesions. Moreover, it has
thrombosis. Although thrombosis often occurs at sites of stendseen reported that endogenous EPO correlates with BP in essen-
(9-11), little investigation of the pathogenic significance dfal hypertension (33). Because elevated BP is hemodynamically
rhEPO in vascular stenosis in hemodialysis patients has besplained by increased total peripheral resistance, these data sup-
undertaken. rhEPO has been shown to enhance the proliferatiopart the results of previous experimental studies describing the
cultured vascular smooth muscle and vascular endothelial cegltsliferative and vasoconstrictive effects of EPO.

(21,22). Intimal hyperplasia results from the proliferation of these We found that expression of TGB% significantly correlated
same cell types, and migration of medial smooth muscle cells intith that of EPO-R. TGH31 is a multipotent growth factor that
intima is characteristic of vascular stenotic lesions. We theref@®ongly stimulates production of ECM (17). Several studies
hypothesized that rhEPO supplementation for treatment of rehave shown that TGIB1 is an important mediator of intimal
anemia may in some way be related to vascular stenosishiyperplasia in vascular diseases (18,19). Increased fibronectin
hemodialysis patients. expression with TGHB was compatible with previous findings
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Figure 3.Immunostaining of transforming growth factgt (TGF1), plasminogen activator inhibitor type 1 (PAI-1), and cellular fibronectin
extra domain A (EDA+) andh situ hybridization of TGFB1. (A) Positive staining for TGEB1 was observed in the thin intima, media, and
adventitia of cutaneous veins (patient 4). (B) TBE-staining was markedly increased in hyperplastic intima of stenotic fistulae (patient 1).
(C) Weak expression of TGB1 mRNA in cutaneous veins (patient 4). (D) Increased expression of @IGRRNA in stenotic fistula (patient

1). Increased immunoreactivity for PAI-1 (E) (patient 1) and fibronectin BD@) (patient 1). Magnification< 120.

reported in atherosclerotic arteries (18,19). Although the prsignificant correlation we observed between expression of
cise pathogenic role of EPO in the expression of T@Fin EPO-R and TGH3L1.

stenotic AV fistulae has not been elucidated, a recent studyWe also found increased expression of PAI-1 in stenosed
reported the rhEPO-induced increase in T@Fand PDGF fistulae. PAI-1 is a primary regulator of plasmin-mediated

mMRNA expression in cultured vascular smooth muscle cells yaoteolytic cascades, which contribute to both fibrinolysis and
angiotensin Il induction (20). This finding could explain theeCM turnover (34). PAI-1 exerts a negative influence on
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Figure 4. Correlation between numbers of EPO-R- and Tg&pes-
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plasia of AV fistulae (12). We observed strong staining for EPO-R

in areas of angiogenesis. Because rhEPO has been reported to
increase angiogenesis in cultured aortic rings (37), rhEPO may
also be a stimulator of angiogenesis in the hyperplastic intima.

The present results suggest that rhEPO might be linked with
progression of atherosclerosis, because intimal hyperplasia is a
prominent feature of atherosclerosis. rhEPO-induced increase in
the risk of cardiovascular diseases in chronic dialysis patients has
previously been suggested (16). It may therefore be useful to
investigate the expression of EPO-R in stenosed arteries.

Based on the findings above, we assume that rhEPO may be
one of the growth factors for intimal hyperplasia in hemodialysis
fistulae. This is the first study to show increased expression of
EPO-R and colocalization of EPO-R and T@RA stenotic AV

itive cells. The number of EPO-R-positive cells in the intima signiffistulae. Because there was no significant correlation between
icantly correlated with the number of TGE-positive cells in the number of EPO-R- and TGB1-positive cells and total amount of

intima in all samples (= 0.928,P < 0.05).
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Figure 5. In situbinding of biotin-EPO. Increased binding of biotin-
EPO was demonstrated in hyperplastic intima in stenosed sections (
(patient 10). Addition of excess nonlabeled rhEPO almost blocked the

binding of biotin-EPO (B). Magnificationx120.

fibrinolysis and matrix degradation, and could contribute to
Increased

local accumulation of ECM and fibrin deposits.

rhEPO administered, our results do not indicate that EPO is the
main cause of fistula stenosis. However, we assume that EPO may
be associated with stenosis due to the increased expression of
EPO-R in stenotic fistula. The mechanism for increased EPO-R
expression in hyperplastic intima in fistulae remains to be clari-
fied, as does the question of whether the dose of rhEPO com-
monly used for renal anemia in hemodialysis patients is sufficient
to promote intimal hyperplasia.

An ideal research design would include stenotic fistulae from
patients not receiving rhEPO as a control group to prove that EPO
is a vascular growth-promoting factor in fistulae. However, we
were unable to include such a group in this study. Additional
longitudinal studies are necessary to examine the pathogenic
significance of exogenous administration of rhEPO on the devel-
opment of vascular stenosis in hemodialysis patients.
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