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AN IMMUNORADIOMETRIC ASSAY FOR THYMOSIN a I 

Hiroyuki Yokoi, Takao Saitoh, Yukiko Nakazawa and Hideto Ohno 

Yuka Medias Co., Ltd. Research & Development Center 

8-5-1 Chuo h i ,  Inashiki Ibaraki 300-03, Japan 

ABSTRACT 

An Immunoradiometric assay for thymosin Ly l(1-28) was developed using a monoclonal 

and a polyclonal antiserum which were raised against synthetic thymosin a l(1-28) and 

thymosin a I (  16-28), respectively. A monoclonal antibody, specific for the (acetylated 

ser l )  1-5 sequence of thymosin a 1, was immobilized on polystyrene beads for the solid 

phase, and a polyclonal antiserum specific for the 16-28 sequence was employed. This 

method relies on the formation of an immune complex consisting of a '*?-labelled anti- 

rabbit IgG goat antibody, polyclonal antiserum, thymosin a 1, and the solid phase 

monoclonal antibody. Radioactivity on the solid phase is directly proportional to the 

amount of thymosin a 1 present in the specimen. The minimal detection limit of this assay 

system was approximately 1.9 pdml.  The mean values of thymosin a 1 in plasma of 

healthy subject, ranging in age from 0 to 3 years was approximately five fold higher than 

that of higher ages. HPLC analysis of plasma of a healthy subjects revealed a single 

immunoreactive form which eluted with the same retention time as that of synthetic 

tliymosig a 1. This assay will be extremely useful for the measurement of thymosin a 1 

in biologic fluids and tissues. 

(KEY WORDS: lmmunoradiometric assay, Thymosin a 1) 
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86 YOKOI ET AL. 

INTRODUCTION 

Thymosin a I is a small acidic peptide consisting of 28 amino acid residues with a 

molecular weight of 3108 (1,2). Thymosin a 1, purified from calfthymus tissue, has an 

acetylated amino terminus. Its role as a thymic hormone was postulated on the basis of its 

in vitro and it? vivo immunomodulatory activity and its presence in the plasma as defined 

by radioimmunoassay or enzyme linked immunosorbent assay (3-8). The levels of thymosin 

a 1 diminish with age in human tissues with the sharpest decrease in the first 10 years of 

life (3,8). 

The immunoradiometric assay(1RMA) has been successfully used for the measurement 

of several circulating polypeptide hormones (9,lO). The theoretical advantage of this 

approach includes both enhanced sensitivity and specificity compared to the conventional 

radioimmunoassay. The present report described the development of a sensitive and 

reliable IRMA for the measurement of plasma thymosin a 1. This assay system depends 

upon the formation of an immune complex of 12SI-labelled anti-rabbit IgG goat antibody, 

polyclonal antiserum specific for the carboxyl-terminal of thymosin a 1, thymosin a 1, and 

the solid phase monoclonal antibody specific for the amino-terminal of thymosin a 1. 

Using this assay system, plasma thymosin a 1 levels in healthy subjects, ranging in age from 

0 to 90 years were measured. 

MATERIALS AND METHODS 

Materials 

Polystyrene beads were obtained from Immunochemical Co.(Hiroshima, Japan). Anti- 

rabbit IgG goat antibody was obtained from DAKO Co.( Carpinteria, CA, U.S.A.), Sep- 
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IMMUNORADIOMETRIC ASSAY FOR THYMOSIN a 1 87 

Pak C18 cartridges were obtained from Waters Associates(New Bedford, MA, U.S.A.). 

HPLC columns, TSK-gel ODS 120-T were obtained from Tosho Co.(Tokyo, Japan). 

Protein A-Sepharose CL-4B, activated CH-Sepharose and Superose 12 column were 

obtained from Pharmacia Fine Chemicak(Uppala, Sweden). All reagents were of analytical 

grade. 

Peptide svnthesis 

Thymosin a 1(1-28), (Tyr29)-thymosin a 1(1-28), thymosin a l(1-15), thymosin 

l(16-28), (Cy~'~)-thymosin a l(16-28) and desacetyl-thymosin a l(1-28) were 

synthesized by solid-phase technology using a peptide synthesizer(App1ied Biosystems Inc, 

type 510, CA, U.S.A.). After cleaving from the resin, each crude peptide was purified by 

HPLC on reverse-phase octadecyl-silica. Peptide concentrations and amino acid 

compositions were determined by hydrolysis in 6 N HCI for 24 hours at 1 10 "c followed 

by amino acid analysis on the Hitachi L-8500 analyzer(Toky0, Japan). The purified 

peptides gave the expected amino acid ratios and were homogenous by HPLC 

chromatography. 

Production of monoclonal antibody 

Thymosin a 1 (1 -28)-BSA conjugate in Freund's adjuvant was injected subcutaneously 

into BALB/C female mice. Subsequent intraperitoneal injections of the conjugate with 

Freund's complete adjuvant were done at 2 week intervals. Intravenous immunizations 

were given to mice with the highest anti-thymosin a 1 titer and 3 days later spleens were 

taken for the cell fusion. Spleen cells were fused to P3U1 mouse myeloma cells according 
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88 YOKOI ET AL. 

to standard techniques (1 1). All wells containing hybrids were screened for antibody to 

thymosin 1. The screening was performed by RIA(see MATERIALS AND 

METHODS). Pcsitive cells were cloned twice in a limiting dilution system and the cloned 

cells were inoculated into peritoneal cavities of pristane treated BALB/C mice. 

Monoclonal antibody(MTH33G2) from ascites fluid was used in this study. 

Production of polvclonal antibody 

(Cyst5)-thymosin a: 1( 16-28)-bovine thyroglobulin conjugate(2.0 mg thymosin ff 1 / 

rabbit, dissolved in 1 .O ml of saline) was emulsified with Freund's complete adjuvant and 

the emulsion was injected intracutaneously at multiple sites on 5 New Zealand White 

rabbits. Immunization was repeated every 2 weeks using 1 .O mg thymosin a 1. Rabbits 

were bled 14 days after the 10th immunization. Immunizations were repeated until a 

sufficient titer was detected by RIA (see MATERIALS AND METHODS). After 4 

months, production of antibody to thymosin a: 1 was detected in all of  the immunized 

rabbits. Antisemm(MCR0577) was used in the present study. The antiserum was purified 

by affinity chromatography using thymosin a 1( 1-28) coupled to activated CH-Sepharose 

according to the manufacturer's instructions. Purified polyclonal antibody was used in this 

study. 

Characterization of monoclonal and polyclonal antibody 

Monoclonal and polyclonal antibodies used in this assay were characterized by RIA 

using synthetic thymosin a: 1(1-28), thymosin ff l(1-15), thymosin ff l(16-28) and 
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IMMUNORADIOMETRIC ASSAY FOR THYMOSIN a 1 89 

desacetyl-thymosin a 1( 1-28). The RIA procedure used was as follows: to each incubation 

tube, Dulbecco's PBS(O.l ml), antiserum or ascites supematant(0.1 ml), synthetic thymosin 

a l(1-28) or thymosin a 1 fragments(0 1 ml) and 1251-(Ty?9)-thymosin a l(1-28)(0.05 

ml)(lO,OOO cpm) were mixed. The mixture was incubated for 20 hours at 4°C. Diluted goat 

anti-rabbit 7 -globulin serum(0.1 ml), 20% polyethylene glycol(PEG 6000)(0.2 ml) and 

diluted normal rabbit serum(O.l ml) were added In the case of monoclonal antibody, 

diluted goat anti-mouse 7 -globulin serum(O.l ml) and diluted mouse serum(O.l ml) were 

used. After incubation for 30 min at 4"c, the mixture was centrifuged at 3,000 rpm for 20 

min at 4°C. The supernatant was aspirated, and the radioactivity of the precipitate was 

counted in a gamma-counter. 

Preuaration of mortoclonal antibody immobilized on polystyrene beads 

Monoclonal antibody MTH33G2 in ascites fluid was purified on a protein A-Sepharose 

CL-4B and then immobilized on polystyrene beads. The monoclonal antibody(750 ,CL g) 

dissolved in 150 ml ofpotassium phosphate buffer, pH 7.2(0.05 M) was mixed with 500 

polystyrene beads( 6.35 mm diameter). After 20 hours at room temperature, the buffer was 

aspirated and the beads were washed with potassium phosphate buffer, pH 7.2(0.05 M). 

The beads were dried and stored at 4°C. 

Iodination of anti-rabbit IgG goat antibody 

Prior to  iodination, anti-rabbit IgG goat antibody was purified by a Superose 12 

column(10x300 mm). The column was eluted with potassium phosphate buffer, pH 7.5(0.1 
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90 YOKOI ET AL. 

M). The purified antibody was iodinated by the Chloramine-T method (11) and the 

resulting labelled antibody was applied to a Superose 12 column(l0x300 mm), and eluted 

with Tris-HCI buffer, pH8.5(0.05 M). 

Collection and extraction of plasma 

Blood samples were collected into ice-chilled tubes containing EDTA(4 mmol/L). 

Samples were centrifbged immediately and plasma was stored at -40°C. Plasma samples 

were obtained from 137 healthy subjects without evidence of endocrine disease, ranging 

from 0 to 90 years old. 

Plasma(l.0 ml) of healthy subjects was diluted 2-fold with HCI(O.1 M), and applied to 

Sep-Pak C18 cartridges which were then washed with 4%(v/v) acetic acid(l0 ml), 

followed by elution with a mixture o f 3 0  and acetonitrile(75:25 v/v, 2.5  ml). The organic 

solvent was evaporated under a stream of nitrogen and the remaining aqueous solution was 

lyophilized. Lyophilized samples were reconstituted for assay with potassium phosphate 

buffer pH 7.2(0.1 M), containing 1.0 mg/ml BSA, 1.0 mg/ml Tween20 and 0.5 m g / d  

sodium azide 

Immunoradiometric assay o fthymosin a 1 

IRMA was designed to produce an immune complex of '251-labelled anti-rabbit IgG 

goat antibody, polyclonal antiserum, thymosin a I ,  and the solid phase monoclonal 

antibody. The standard diluent buffer was potassium phosphate buffer, pH 7.2(0.1 M) 

containing 1 .O m g i d  BSA, 1 .O mdml Tween 20 and O.Smg/ml sodium azide. For dilution 
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IMMUNORADIOMETRIC ASSAY FOR THYMOSIN a 1 91 

of '2?-labelIed anti-rdbbit IgG goat antibody, a potassium phosphate buffer, pH 7.2(0 1 M) 

containing 20 mg/nil BSA, 0.5 mg/ml bovine 7 -globulin, 1.0 mg/ml Tween 20 and 0.5 

mg/ml sodium azide, was used. 

The assay was camed out in polystyrene tubes(12x75 mm) In each incubation tube, the 

above described potassium phosphate buffer(0.05 ml), synthetic thymosin a 1( 1-28) or 

extracted plasma sample(0.2 ml), the antiserum diluted 1/2500 in standard diluent 

buffer(0.05 ml) and the solid phase monoclonal antibody(1 bead) were mixed After 

incubation for 20 hours at 4"c, the solid phase was washed 3 times with distilled H20(2.0 

ml) and '2sI-labelled anti-rabbit IgG goat antibody(0.2 ml)(approximately 200,000 cpm) 

was added. The mixture was then incubated for 20 hours at 4°C. The solid phase was 

washed 3 times with distilled qO(2 0 ml). Radioactivity of the solid phase was counted in 

a gamma-counter. 

RESULT 

Svnthesis of thymosin a 1 and its fragments 

Synthesis of thymosin a 1 and its fragments were of high purity as judged by various 

analytical criteria. 

Production and characterization of antibodies and TRMA 

With the use of synthetic thymosin a 1, we produced monoclonal and polyclonal 

antibodies to thymosin a 1 which were indispensable for the development of the IRMA. 

In the present study, a conjugate of synthetic thymosin a l(1-28) with BSA was used as 
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92 YOKOI ET AL. 

immunogen for producing monoclonal antibody, and a conjugate of synthetic (Cys”)- 

thymosin a: l(16-28) with porcine thyroglobulin was used as immunogen for producing 

polyclonal antibody. The cross-reactivities of both the monoclonal antibody(MTH33G2) 

and polyclonal antibody(MCR0577) were shown in Fig. 1. The monoclonal antibody was 

shown to be N-terminal specific, since a synthetic fragment thymosin a: l(1-15), cross- 

reacted identically to that thymosin a: l(1-28). 

The monoclonal antibody failed to detect both thymosin a: l(16-28) and deacetyl- 

thymosin a: l(1-28). It was found that the monoclonal antibody recognize mainly the 

amino terminal including residues acetylated Serl of thymosin 1. The absence of this 

residue would account for the lack of cross-reactivity of thymosin a: 1 in the RIA. On the 

other hand, polyclonal antibody was found to recognize C-terminal sequence, since a 

synthetic fragment thymosin a: l(16-28), when compared with that of thymosin a: 1( 1-28). 

These data indicate that the antibodies are specific for different regions of thymosin a: 

l(1-28) and they are usehl  for the development ofIRMA. 

The standard curve for thymosin a: 1 is shown in Fig. 2. A usehl operation range was 

between 2.5 and 200 pg/ml. The detection limit of the assay, estimated from the 

interpolated response at 2 SDs above the zero standard, was 1.9 pdml.  The present IRMA 

for the measurement of thymosin a: 1 in plasma is specific, as indicated by the data in Fig. 

2. The assay failed to detect any tested fragments of thymosin a: l(1-15), thymosin a: 

l(16-28) and deacetyl-thymosin a: l(1-28). 

Table 1 shows an analytical recovery of thymosin a: 1 from plasma samples. When 

physiological amounts of thymosin a: 1 were added to plasma of healthy subjects and 
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FIGURE 1 

antibody(MTH33G2) (a) and polyclonal antibody(MCR0577) (b). 

RIA was performed as described in the Materials and Methods section using 

thymosin a 1  (1-28) as the peptide standard (O), desacetyl-thymosin a 1  (1-28) 

(o), thymosin a 1  (1-15) (a) and thymosin a 1  (16-28) (0). 

Standard curves for the thymosin a 1 RIA with use of monoclonal 

carried through the standard extraction and assay procedure, the recovery was virtually 

complete regardless of the amount of thymosin a 1 added. In addition, the intra- and 

interassay coefficients of variance (Table 2) were in an acceptance range, with the intraassay 

coefficient of variance below 2.9 % and the interassay coefficient of variance below 3.7 %. 

Fig. 3 shows reverse phase HPLC separation of plasma of healthy subjects. Each fiaction 

was assayed for thymosin a 1. A single immunoreactive form coeluted with synthetic 

thymosin a l(1-28). The coincidence ofthe elution position of an immunoreactive material 
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Sample Added (pg/ml) Expected 

(pg/ml) 

1 

2 10 12.1 

3 50 52.1 

YOKOI ET AL. 

Measured Recovery 

(Pg/d)  (%) 

2.1 

11.9 98.3 

53.7 103.1 

20- Oo0 I 

2 5 10 20 50 100 200 500 
Thyrnosin a1 (pg/rnl) 

FIGURE 2 Standard curves for the thymosin a 1 IRMA. IRMA using thymosin 

a 1(1-28)(0), desacetyl-thymosin a l(1-28) (o), thymosin a l(1-15) (m) and 

thymosin a: l(16-28) (0). 

TABLE 1 

Analytical recovery of thymosin a 1 (1 -28) 
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TABLE 2 

Precision of measurments of plasma thymosin (Y l(1-28) 

Sarple - irrtrmssay variation irrterassay var ia t  ion 
n Mean39 %cv n MeandSJ %cv 

A 3 14.3S.4 2.9 5 14.633.5 3.5 
B 3 2 9 . 1 ~ . 1  2.3 5 29 .4a .8  3.2 
C 3 7 9 . 9 9 3  2.8 5 80.8320 3.1 

with that of synthetic thymosin (Y l(1-28) suggests the presence of thymosin a 1 (1-28) 

in plasma. 

The levels of thymosin (Y 1 in plasma of healthy subjects, ranging in age from 0 to 90 

years old, are shown in Fig. 4. The thymosin 1 level decreased with age. The 

concentration ofthymosin a 1 in blood was highest in utero(23.3 i 9 . 7  pg/ml)(n=3) when 

compared to the levels of healthy individuals after parturition. The average levels in sera 

of individuals over 4 years ofage was 2 .720 .8  p&iml. 

DISCUSSION 

Several RIAs have been reported for measuring thymosin (Y 1 in human species. None 

of established RIAs has the sensitivity and specificity required to measure only intact 

thymosin (Y l(1-28). It is well known that the theoretical advantage of IRMA includes both 

enhanced sensitivity and specificity compared to RIA The present IRMA procedure was 

found to be more sensitive than the RIA method, since as little as 2 pg of thymosin Q: 1 

could be detected in the IRMA but RIA using a unique antiserum had reported sensitivities 
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FIGURE 3 

Plasma( 1 .Om]) of normal subjects was extracted with Sep-Pak C1 B(MATER1ALS AND 

METHODS) for HPLC analysis. The HPLC column( TSK-gel ODS 120T;4.6mm x 

250mm ) eluted at a flow rate of 1.OrnL'min with solvent B/solvent A (0/1004100/0, 

v/v, 30min) : solvent A = H,O : acetonitrile : 10% aqueous 'I'FA = 100 ' 0 ' 1 (v/v/v) 

and solvent B = H,O : acetonitrile : 10% aqueous TFA = 50 : 50 : 1( v/v/v) 

Fractions( 1.0 rnin intervals) were collected and lyohilized for IRMA. The arrows 

show the elution positions of the authentic thyrnosin a l(1-28). 

Immunoreactive thymosin a: 1 in human plasma 
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I I I I 

0 20 40 60 80 

FIGURE 4 Thymosin 

0 to 90 years old. 

1 levels in plasma of normal subjects, ranging in age from 

of 200 pg/ml(7) and 40 p g / d  with incubation periods of 48-72 hours (12). The sensitivities 

of our monoclonal and polyclonal antibodies determined by the RIA were 1000 pg and 100 

pdml, respectively. It is of interest that neither of monoclonal and polyclonal antibodies 

employed in IRMA were of sufficiently high avidity for a sensitive RIA. However, the 

choice of optimal antibody combinations allows the establishment of very high sensitive 

IRMA. 

Since we first reported IRMA for thymosin a 1, a number of studies have demonstrated 

normal and abnormal levels of thymosin a 1 in plasma. Lower levels are often associated 

with immunodeficiency diseases. Our assay should be suficiently sensitive for such patient 

samples since thymosin a 1 concentration of all healthy subjects tested was above the 
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sensitivity of the IRMA. The lower IRMA values in human blood compared to previous 

reports by using RIAs may represent limited difference in the specificity between IRMA 

and RIA. 

Thymosin a: 1 and its cross-reacting materials have been detected in human peripheral 

blood and in rat thymus by using MAS and combining HPLC and RIA analysis 

demonstrated that the major immunoreactive form in normal serum was thymosin a: 1. The 

level of thymosin a 1 diminish with age in human tissues with the sharpest decrease for 

prothymosin a in thymus in the first 10 years of life (8). Consistent with previous reports, 

this study confirms that the major immunoreactive form in human blood is thymosin a 

l(1-28) and its concentration is highest in utero, decrease sharply after birth and then 

remain constant during the life. Naruse et al. reported that the levels of immunoreactive 

thymosin a 1 in thymoma tissue extracts were relatively higher than those on patients with 

normal thymuses (13). However, no previous study has described thymosin a 1 levels in 

plasma of patients with thymoma. Although we are now accumulating additional specimens 

of patients with thymus related diseases, our preliminary analysis indicate that plasma 

thymosin a 1 values of patients with thymoma will be > 10 pg/ml. Elevated blood levels 

may correlate well with the hnction ofthe thymus. The thymosin a 1 IRMA will allow us 

to pursue detailed studies of the blood levels in both health and pathologic states. 
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