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ABSTRACT
Beta-2-microglobulin ($,-M) is recognized as a major medium-molecular-weight protein toxin
in patients experiencing chronic renal failure. The toxicity of ,-M results from polymerization of

an intact molecule to form amyloids, the accumulation of which causes amyloidosis. Currently, the
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mechanism of 3,-M polymerization is unknown; therefore, an adequate clinical method for removal
of B,-M has yet to be discovered. In this study, a tentative kinetic model of 3,-M polymerization for
theoretical simulation and clinical evaluation is proposed. Due to individual differences between
patients and dialysis conditions, patient-specific parameters (vascular mass-transfer coefficient,
predialytic plasma concentration, predialytic body weight, and cellular catabolism production rate)
and the parameters for quantitatively controlling dialysis (ultrafiltration rate and dialyzer clearance)
were measured for comparison. The clinical data used in the study were obtained from eight stable
end-stage renally diseased patients. The results were used to investigate the effects of a dialysis
membrane on ,-M removal. The results also indicated that treatment with Polysulfone (PS) and
Polymethylmethacrylate (PMMA) reduced the plasma concentration of 3,-M to 42.6 + 6.3% and 40.0
+ 8.9%, respectively. Kinetic simulation of PMMA treatment yielded immunological response rates
(Gi) between 0.03 and 0.16 mg/min, thereby suggesting that the Gi value may be considered a useful
indicator of membrane biocompatibility. Moreover, the vascular mass-transfer coefficients of
individual patients were determined from the clinical data. The kinetic model of f,-M
polymerization proposed in this study may be a valuable guide for developing an effective dialysis

method for the removal of 3,-M. Furthermore, the clinical results obtained and the analyses thereof

may be useful for developing future therapies for treating renal failure.
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bi: Volume fraction of interstitial fluid, (Vi/V1) [-]
bp: Volume fraction of plasma, (Vp/V1) [-]

bs: Volume fraction of intracellular fluid, (Vs/V1) [-]
BW: Patient body weight, [Kg]

C: Concentration of 3,-M, [mg/1]

CL: Dialyzer clearance, [1/min]

CR: Residual renal clearance, [1/min]

G: B,-M production rate, (Gc + Gi) [mg/min]
Gc: Cellular catabolism production rate, [mg/min]
Gi: Immunologic response rate, [mg/min]|

Ka: Extra-renal metabolic clearance, [1/min]

Kc: Vascular mass transfer coefficient, [I/min]
Keq: Depolymerization rate constant, [1/min]
Qb: Blood flow rate, [1/min]

Qf: Ultrafiltration rate, [1/min]

Td: Time of dialysis, [min]

Tid: Time interval between dialyses, [min]

V: Body fluid volume, [1]

W: Body fluid weight, [Kg]

X: Solute equilibrium distribution coefficient, [-]
Subscripts:

e: extracellular fluid

i: interstitial fluid

p: plasma

s: intracellular fluid

1: pre-dialysis

2: post-dialysis

in: inlet of dialyzer

o: outlet of dialyzer
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