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Two sensitive monoclonal antibody (MAb)-based enzyme-linked immunosorbent assays (ELISAs), one
for activin A (homodimer of }A subunits) and one for activin B (homodimer of A subunits) and one for activin B (homodimer of A }B subunits) in plasma 
have been developed. The activin A ELISA had an effective range of 0.2-50 ng/ml while the activin B 
ELISAõs range was 0.1-25 ng/ml in human serum. Both ELISAs were speciþ c with <0.01% cross-reac-
 tivity with related hormones and follistatin (an activin binding protein), however the presence of 
recombinant human follistatin caused a decrease in measured level of activin A and B spiked human 
samples. The assay was linear across the standard curve range with intra- and interassay coefþ cients of 
variation were less than 15%. The level of activins in female serum range from 0.3 to 10.4 ng/ml. In 
summary, we have developed a reliable, convenient and rapid MAb-based enzyme immunoassay for 
determination of activin A and B levels in human serum which are also applicable for buffer, mouse and 
monkey serum matrices. This assay will be useful for studying the regulation and role of activin A and B 
in health and disease.
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Introduction

Activins are multifunctional 28 kDa disulþ de-
 linked dimeric proteins, belonging to a family of 
growth and differentiation factors that includes 
transforming growth factor } (Massague et al., 
1987). Activins consist of two } subunits and are 
related structurally to another gonadally derived
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Abbreviations: ELISA, enzyme-linked immunosorbent as -
say; MAb, monoclonal antibody; rh-Act, recombinant human 
activin; rh-Inh, recombinant human inhibin; BSA, bovine 
serum albumin; HRPO, horseradish peroxidase; Ag, antigen.

protein, inhibin, an |,} heterodimer. Although 
structurally related, activins and inhibins exhibit 
opposite effects in a number of biological systems 
(Ying et al., 1988; McLachlan et al., 1988; De 
Jong et al., 1988). Activins were þ rst discovered 
from the side fractions during the chromato -
graphic puriþ cation of inhibin from porcine ovar -
ian follicular ÿ uid (Vale et al., 1986). Three ac -
tivins have been identiþ ed; activin A is a homod-
 imer of the inhibin }A subunit (Vale et al., 1986; A subunit (Vale et al., 1986; A
Ling et al., 1986a), activin AB is a heterodimer of 
}A and A and A }B subunits (Ling et al., 1986b) and 
activin B is a homodimer of the }B subunit 
(Roberts et al., 1991). No functional differences 
between activin A and activin AB have yet been 
identiþ ed (Ying et al., 1988). Activin B has been
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expressed and puriþ ed from mammalian tissue
culture cells transfected with a }B-DNA (Mason
et al., 1989). Puriþ ed recombinant activin B was 
shown to have similar potency as activin A in its 
ability to stimulate follicle-stimulating hormone 
(FSH) production in an in vitro pituitary assay 
(Mason et al., 1989) and in its stimulation of 
spermatogenesis (Mather et al., 1990).

Activins have been found in the testis (Lee et 
al., 1989) and in limited areas of the adult brain 
(Sawchenko et al., 1988). Activin A has been 
identiþ ed as a molecule which promotes the sur -
vival of nerve cells (Schubert et al., 1990) and 
induces atresia in ovarian follicles (Woodruff et 
al., 1990). The exact biological functions of ac-
 tivin and inhibin are still not well understood. 
With the availability of recombinant activins (Ma -
son et al., 1989; Schwall et al., 1988), there are 
many ongoing studies to investigate the biological 
functions of activins as hormones (Schwall et al., 
1989), growth factors, and regulators of cell-medi -
ated immune functions (Petraglia et al., 1991), 
and potential tumor markers (McLachlan et al., 
1988). A simple and reliable measurement of 
these proteins in biological ÿ uids would facilitate 
the investigation of their physiological role in 
man.

This report describes the production of mono-
 clonal antibodies to activin A and B and the 
development of simple, fast and highly speciþ c 
enzyme-linked immunosorbent assays (ELISA) for 
activin A and B.

Materials and methods

Recombinant human activins, standards and con-
 trols

Recombinant human activin A (rh-activin-A) 
and B (rh-activin-B), produced and puriþ ed as 
described previously (Mason et al., 1989; Wood -
ruff et al., 1990) were stored in aliquots at ð20ÁC. 
Standards were prepared fresh daily by diluting 
into phosphate-buffered saline (PBS, pH 7.2) 
containing 0.5% (w/v) bovine serum albumin 
(BSA), 0.2% (w/v) bovine gamma-globulin, 0.25% 
(w/v) CHAPS, 0.05% (w/v) Tween 20, 0.005 M 
EDTA and 0.02% thimerosal (assay buffer), or 
into normal human serum diluted 1/5 in assay

buffer. Controls were prepared from three sepa-
 rate stocks of rh-activins by diluting into assay 
buffer to the low, medium and high concentration 
range of the standard curve. These were divided 
into aliquots and stored at ð20ÁC.

Miscellaneous reagents
Recombinant derived human proteins: growth 

hormone (rh-GH), inhibin A (rh-inh-A), follis -
tatin, and TGF} were prepared at Genentech. 
Human hormones: follicle-stimulating hormone 
(hFSH), luteinizing hormone (hLH), and thyroid 
stimulating hormone (hTSH) were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA).

Human samples
Human sera were collected from women en -

rolled in the University of Washington, Obstetrics 
and Gynecology department, following informed 
consent. Sera for activin measurement were col-
 lected and aliquoted to minimize variation due to 
freeze-thaw. The samples were initially diluted 
1/5 with assay buffer and measured in the ELISA. 
When necessary the 1/5 samples were further 
diluted serially 1/2 with 20% negative human 
serum.

Monoclonal antibodies to rh-activin
Monoclonal antibodies speciþ c for either rh -

activin-A or rh-activin-B were produced as de-
 scribed previously (Lucas et al., 1990). Brieÿ y, 
inbred HPG-hypogonadal mice (Jackson Labora-
 tories) were hyperimmunized in the hind footpad 
with rh-activin-A or rh-activin-B. Cells harvested 
from the draining lymph nodes were fused with 
the mouse myeloma line X63-Ag8.653 (Kerney et 
al., 1979). The fusions were screened for reactiv-
 ity and speciþ city in ELISA using rh-activin-A, 
rh-activin-B and rh-inh-A as coat proteins (Wong 
et al., 1990). Parental hybridomas which reacted 
speciþ cally with either rh-activin-A or rh-activin-B 
were cloned by limiting dilution. Ascites ÿ uids 
were produced in BALB/c nu/nu mice, antibody 
puriþ ed by protein A-Sepharose afþ nity chro -
matography (Repligen Corp., Cambridge, MA) 
according to established procedures (Goding, 
1978; Ey et al., 1978) and stored under sterile 
conditions in PBS at 4ÁC.
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Preparation of enzyme-conjugated MAb
Protein A puriþ ed monoclonal antibodies to 

rh-activin-A were conjugated to horseradish per-
 oxidase (HRPO, Grade I, Boehringer Mannheim, 
Mannheim, Germany) by the sodium periodate 
method of Nakane and Kawaoi (Nakane et al., 
1974). The conjugated MAb was further puriþ ed 
by adding an equal volume of ultrapure saturated 
ammonium sulfate (ICN Biomedicals, Cleveland, 
OH, USA), mixed for 30 min, and centrifuged for 
30 min at 10,000 Į g in a Beckman J-21 cen-
 trifuge. After centrifugation, the pellet was re -
suspended in a small volume of PBS, extensively 
dialyzed against the same, and crystalline BSA 
(Sigma Chemical Co., St. Louis, MO, USA) was 
added to a þ nal concentration of 10 g/l. The 
conjugated MAb was then sterile þ ltered and 
stored frozen at -20ÜC.

ELISAs for MAb selection
Coating of solid phase. Nunc Immulon Max-

 isorp microtiter plates (Nunc, Kamstrup, Den- 
mark) were coated overnight at 4ÁC with 100 
Hl/well, of either a monoclonal antibody to rh- 
activin-A (2F8, 4 Hg/ml) or to rh-activin-B 
(22A10, 4 Hg/ml). In both cases, the MAb were 
diluted in sodium carbonate buffer (0.05 mol/l, 
pH 9.6). The excess antibody was removed and 
the plates were blocked with 150 Hl/well of PBS 
containing 0.5% (w/v) BSA and 0.02% (w/v) 
thimerosal (blocking buffer). The plates were then 
washed six times with PBS containing 0.05% (v/v) 
Tween 20 and 0.02% (w/v) thimerosal (wash 
buffer).

Experiment to determine if soluble MAb can 
block binding of antigen to coated MAb: ôblocking 
experimentõ. Antigen (concentration in the reac-
 tion mixture: 4 ng/ml for activin A and 0.5 ng/ml 
for activin B) was preincubated with blocking 
MAb (concentration in the reaction mixture 25  
Hg/ml) overnight, added to MAb coated wells 
and incubated for 2 h. The wells were washed 
and further incubated with conjugated MAb (0.2 
Hg/ml) for 2 h. For color development, the 
plates were washed 6 times with wash buffer and 
100 HL of PBS pH 7.2, containing 2.2 mmol/l 
o-phenylenediamine (OPD, Sigma Chemical Co.) 
and 0.012% (v/v) hydrogen peroxide (H2O2, 
Sigma Chemical Co.) were added to each well. 

After 15 min incubation at ambient temperature, 
the reaction was stopped with 100 Hl/well of 2.25 
mol/l sulfuric acid and the absorbance at 490 nm 
minus 405 nm background was measured with an 
automatic plate reader from Molecular Devices 
(Palo Alto, CA, USA).

Experiment to determine if soluble unlabelled 
MAb can compete with enzyme labelled MAb for 
binding to captured antigen: ôcompetition experi -
mentõ. Antigen (4 ng/ml for activin A and 0.5 
ng/ml for activin B) was incubated for 2 h in 
MAb coated wells. To each washed well, 50 Hl 
each of competing unlabeled MAb (25 Hg/ml) 
and conjugated MAb (0.2 Hg/well) were added 
and incubated for 2 h. The bound conjugated 
MAb was determined with OPD and H2O2 as 
described above.

Activin A ELISA (one-step ELISA)
Nunc Immulon Maxisorp microtiter plates were 

coated overnight at 4ÁC with 100 Hl/well of MAb 
(2F8, 4 Hg/ml) as described above. Standards, 
controls and diluted samples were added at 50 
Hl/well along with 50 Hl/well freshly diluted 
horseradish peroxidase (HRPO) conjugated MAb 
to rh-activin-A (6H5), diluted in assay diluent to 
its predetermined optimal concentration, and in -
cubated simultaneously for 2 h at ambient tem -
perature. After removal of unbound materials, 
signal was generated with OPD and H2O2 and 
measured as previously described. A standard 
curve was generated by plotting absorbance at 
490 nm vs. the log of the rh-activin concentration, 
by using a four-parameter logistic curve-þ tting 
program developed at Genentech. Values for 
sample concentrations were obtained by interpo -
lation of their absorbance from the standard 
curve.

Activin B ELISA (two-step ELISA)
Nunc Immulon Maxisorp microtiter plates were 

coated overnight at 4ÁC with 100 Hl/well of MAb 
(22A10, 4 Hg/ml) as described above. Standards, 
controls and diluted samples were added at 100 
Hl/well and incubated for 2 h at room tempera -
ture. The wells were washed as above and 100 
Hl/well of freshly diluted conjugated MAb 
(2A5-HRPO) were added and incubated for an-
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other 2 h. The bound conjugated MAb was deter -
mined using OPD/H2O2 substrate as above.

Results

Selection of monoclonal antibody for two-site 
ELISAs

MAbs were analyzed by Western Blot and 
those with high titers were screened as possible 
conjugate and coat antibodies. In general, assay 
speciþ city can be optimized by using MAbs that 
bind to different epitopes. However, because ac -
tivin A and B are homodimers, the MAbs chosen, 
could have similar or overlapping epitopes and 
still give a signiþ cant signal in a regular two-step 
ELISA format. The selection of MAbs with dis-
 tinct epitope binding was done using blocking 
and competition experiments. The blocking ex -
periments determined the ability of one MAb to 
prevent another MAb, either conjugated or 
coated, from binding to activin. Here the unla-
 belled blocking antibody was þ rst precomplexed 
overnight with the antigen, and then added to the 
plate. The competition experiments determined 
the ability of one MAb to prevent another conju -
gated MAb from binding to plate immobilized 
activin. Here the competing MAb was simultane -
ously incubated on the plate with the conjugated 
MAb. In both sets of experiments a loss in ab-
 sorbance showed that the unlabelled MAb had an 
overlapping epitope with the conjugated and/or 
the coat MAb.

Activin A. Four MAbs (2F8, 2E10, 3D9, 6H5)
to activin A were evaluated initially by Western 
Blot analysis according to published procedures 
(Lofgren et al., 1991). The two MAbs (2F8, 2E10) 
which produced the most intense bands were 
tested as coat antibodies using HRPO labeled 
2F8 and 6H5 as conjugated MAbs in the blocking 
experiment. The absorbance obtained with 2F8 -
HRPO was very low in the 2E10 coated wells, so 
only 6H5-HRPO was used in the MAb selection 
experiments. The blocking experiment was used 
to evaluate the two MAb (2F8 or 2E10) for their 
utility as coat MAb. The results (Table IA) 
showed that 2F8 in solution did not block the 
antigen binding capacity of immobilized 2F8 as 
much as soluble 2E10 blocked the antigen bind-

TABLE I
(A) SELECTION OF ANTI-ACTIVIN A MONOCLONAL 
ANTIBODIES FOR ELISA

Blocking MAb Blocking  Competition
  experiment experiment
  Conjugated MAb: Conjugated MAb:
  6H5-HRPO 6H5-HRPO
  Absorb- % inhi- Absorb- % inhi-
  ance bition ance bition

Coat MAb: 2F8
None 1.8  1.29
2F8 0.37 79% 1.13 12%
2E10 0.05 97% 0.23 82%
3D9 0.81 55% 0.29 78%
6H5 0.43 76% 0.44 65%

Coat MAb: 2E10  
None 1.46
2F8 0.18 88%
2E10 0.02 99%
3D9 0.18 88%
6H5 0.27 81%

ing capacity of immobilized 2E10 (79% vs. 99% 
blocking), i.e., immobilization of 2F8 onto solid 
support did not affect its antigen binding ability. 
In addition, 2F8 as coat MAb resulted in higher 
absorbance than 2E10 with 6H5-HRPO (1.8 vs. 
1.46). For these reasons, 2F8 was selected as coat 
antibody for further evaluation in the competition 
experiment. The data (Table IA) indicated that of 
all the unlabeled MAbs tested, 2F8 resulted in 
the least inhibition, thus suggesting that it bound

TABLE I
(B) SELECTION OF ANTI-ACTIVIN B MAb FOR ELISA

Blocking MAb Blocking  Competition
  experiment experiment
  Conjugated MAb: Conjugated MAb:
  2A5-HRPO 2A5-HRPO
  Absorb- % inhi- Absorb- % inhi-
  ance bition ance bition

Coat MAb: 22A10
None 1.03  0.66
22A10 0.01 99% 0.57 14%
12E3 0.08 92% 0.55 17%
17B84 0.09 91% 0.53 19%
20G3 0.36 74% 0.48 27%
5H2 0.48 54% 0.56 15%
2A5 0.85 15% 0.002 99%
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to a region distinct from that of 6H5-HRPO. This 
pair (2F8 coat, 6H5-HRP) was chosen for the 
development of a serum based ELISA. Compari -
son of recovery data from serum samples spiked 
with known amounts of rh-activin-A indicated 
that the simultaneous incubation of sample and 
conjugated MAb (one-step ELISA format) gave 
better recovery and sensitivity than the tradi-
 tional two-step ELISA and thus was the format 
used in activin A ELISA (data not shown).

Activin B. In the activin B case, there were 
more MAbs available so a different approach 
was taken to evaluate them. Of the six MAbs to 
activin B tested in Western Blot analysis, two 
MAbs (22A10, 2A5) which gave the most intense 
staining were conjugated to HRPO. Both MAbs 
were usable as coat antibodies, but since 22A10 
gave a better signal to noise ratio, it was used as 
coat antibody with 2A5-HRPO to determine the 
relative binding regions of all six MAbs. In the 
blocking experiment, all MAbs except 2A5 caused 
a signiþ cant decrease in signal (Table 1B). These 
results were conþ rmed in the competition experi -
ment where none of the unlabeled MAb com-
 peted or blocked 2A5-HRPO except the unla-
 beled 2A5 (Table IB). Therefore 22A10 and 2A5 -
HRP were selected as the pair for ELISA.

ELISA performance characteristics
Assay range and sensitivity. The useful range 

of activin A assay in buffer was determined to be 
0.04ð10 ng/ml and for activin B, 0.02ð5 ng/ml 
(Fig. 1). Assay sensitivity, as deþ ned by the con -
centration corresponding to the mean absorbance 
of the zero standard plus twice the standard 
deviation was determined to be 40 pg/ml for 
activin A and 5 pg/ml for activin B (data not 
shown). Since human sera has to be diluted a 
minimum of 1ð5 to avoid interference, the actual 
assay range for human serum is 0.2ð50 ng/ml for 
activin A and 0.1ð25 ng/ml for activin B.

Precision. The intra-assay coefþ cients of vari-
 ation in the assays were determined by measuring 
20 replicates each of low, middle and high con-
 trols. Similarly, the interassay precision was de-
 rived by evaluating the three controls in replicate 
assays over a 5-week period. The intra-assay coef-
 þ cient of variation (% C.V.) ranged from 4.6 to 
5.1% for activin A; and 5.1 to 7.5% for activin B.

Activin A and B Standard Curves 
in Human Serum

3
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Fig. 1. Representative ELISA standard curves for rh-activin-A
(¹) and rh-activin-B (¸).

The interassay precision ranged from 9.3 to 11.1% 
for activin A, and 8.5 to 9.2% for activin B (Table 
II).

Assay speciþ city. The cross-reactivity was de -
termined by adding 5 Hg/ml of several proteins 
into assay buffer and determining the extent of 
cross-reactivity. Since rh-inh-A and rh-activin-A 
share a common }A chain, rh-inh-A was tested A chain, rh-inh-A was tested A
for cross-reactivity. There was less than 0.004% 
cross-reactivity with inhibin A. Other structurally 
related proteins, rh-TGF}1, rh-TGF}2, rh-TGF -
}3, also showed less than 0.01% cross-reactivity. 
Similarly, there was essentially no cross-reactivity 
with human follistatin, FSH, LH, TSH and rh-GH. 
To further determine the speciþ city of the activin

TABLE II
PRECISION OF ACTIVIN ELISAs

Assay Low controls Mid controls High controls
Act-A Act-B Act-A Act-B Act-A Act-B

(A) Intra-assay precision (n = 20)
Mean (ng/ml) 0.12 0.12 1.77 0.6 6.53 1.83
SD (ng/ml) 0.006 0.007 0.09 0.045 0.3 0.09
CV 5.1% 5.8% 5.1% 7.5% 4.6% 5.1%

(B) Interassay precision (n = 11)
Mean (ng/ml) 0.31 0.2 3.44 0.62 5.14 1.97
SD (ng/ml) 0.03 0.017 0.38 0.057 0.48 0.17
CV 9.7% 8.5% 11.1% 9.2% 9.3% 8.6%
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A assay, the dilution curves in the ELISA with 
serial dilutions of activin A positive sera and 
rh-activin-A spiked serum were generated (Fig. 
2A2A2 ). The same experiment were carried out for 
activin B and the data were shown in Fig. 2B. No 
departure from parallelism was observed over a 
range of at least four doubling dilutions.

Interference. From the speciþ city study it is 
evident that each ELISA is highly speciþ c for the 
corresponding activin. However, the possibility of 
interference due to the presence of inhibin A, 
activin, follistatin, and |2 macroglobulin still 
needed to be investigated in both assays. A posi-

TABLE III
(A) ACCURACY a: ACTIVIN A ELISA

Spiked Based Expected c Observed % recovery
sample b sample b (ng/ml) (ng/ml)
type (ng/ml)
(ng/ml)   

Sample A 0.80  0.57 0.52 91.2
(0.34) 1.48  0.91 0.97 106.6

2.90 1.62 1.70 104.9
5.66 * 3.00 3.36 112.0

11.02 * 5.68 6.16 108.5

     Ave. 104.6

Sample B 0.80  1.08 0.99 91.7
(1.36) 1.48  1.42 1.41 99.3

2.90 2.13 2.09 98.1
5.66 * 3.51 3.79 108.0

11.02 * 6.19 6.65 107.4

     Ave. 100.9

Sample C 0.80  2.53 2.32 91.7
(4.26) 1.48  2.87 2.54 88.5

2.90 3.58 3.36 93.9
5.66 * 4.96 4.71 95.0

11.02 * 7.64 7.89 103.0

     Ave. 94.4

Average 99.97%
Range 88.5ð112.0%

a Equal volume of three different (matrix/lot) samples (col-
 umn #1) added to three serum samples and two serum 
controls (*) having different concentrations (column #2) and 
assayed by ELISA.
b Activin concentration determined previously by the present 
assay.
c Activin expected concentration = (ng/ml of spiked sample + 
ng/ml of based sample) ö 2.

(B) ACCURACY a: ACTIVIN B ELISA

Spiked Based Expected c Observed % recovery
sample b sample b (ng/ml) (ng/ml)
type (ng/ml)
(ng/ml)   

Sample A 0.12 0.18 0.14 77.8
(0.24) 0.32 0.28 0.24 85.7

4.94 2.59 2.64 101.9

    Ave. 88.5

Sample B 0.12 0.39 0.31 79.5
(0.66) 0.32 0.49 0.41 83.7

4.94 2.80 2.53 90.4

    Ave. 84.5

Sample C 0.12 1.18 0.99 83.9
(2.24) 0.32 1.28 1.08 84.4

4.94 3.59 2.99 83.3

    Ave. 83.9

Average 85.2
Range 77.8ð101.9%

a Equal volume of three different (matrix/lot) samples (col -
umn #1) added to two serum samples and one serum control 
(* 0.32 ng/ml) having different concentrations (column #2) 
and assayed by ELISA.
b Activin concentration determined previously by the present 
assay.
c Activin expected concentration = (ng/ml of spiked sample + 
ng/ml of based sample) ö 2.

tive human serum sample was prepared by spik-
 ing a known amount of activin. The sample was 
then spiked with seven different concentrations 
of rh-activin (A or B: 2.4ð153.6 ng/ml), rh-inh-A 
(32ð204.8 ng/ml) and rh-follistatin (1.75ð224 
ng/mi) and |2 macroglobulin (0.145ð11.6 mg/ 
ml) to achieve varing molar ration of test protein 
and activin. The level of activin was then ana-
 lyzed by ELISA. The data in Fig. 3 (A: activin A 
ELISA; B: activin B ELISA) shows that the 
presence of inhibin A, activin and |2 macroglob -
ulin up to 64 fold molar excess did not affect the 
measurement of activins resulting in 100% recov -
ery. However, addition of rh-follistatin caused a 
decrease in the % recovery of activins. The re-
 sults indicate that when 32 fold excess of rh-fol -
listatin was present none of the added activin A 
was recovered and only 40% of the spiked activin 
B was detected.
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Activin A ELISA Parallelism Study
in Human Serum
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Accuracy. The accuracy of the assays for 
measuring rh-activins in cell culture medium and 
puriþ cation buffers was evaluated by spiking pu-
 riþ ed samples at three different concentrations 
into these matrices. Determination of % recovery 
showed that the assays can accurately measure 
spiked rh-activins in various cell culture medium 
and puriþ cation buffers (data not shown). The 
ability of the ELISAs to quantify activins in hu-

Activin A ELISA Interence Study
in Human Serum
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Activin B ELISA Parallelism Study
in Human Serum
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man serum was determined by spiking known 
amount of rh-activins at three different concen-
 trations to rh-activin human serum controls and 
activin positive human samples. The amount of 
activin recovered range from 88.5 to 112% for 
activin A (Table IIIA) and 77.8 to 101.9% for 
activin B (Table IIIB).

Activins in female sera. Endogenous activin A
and B were detectable in female sera (n = 63).

Activin B ELISA Interence Study
in Human Serum
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Fig. 2. A: plot for absorbance (y axis) of rh-activin-A spiked sera (¸), sample A (¹), sample B (Ã). The x axis is the dilution. x axis is the dilution. x B:
plot for absorbance (y axis) of rh-activin-B spiked sera (¸), sample A (¹), sample B (Ã). The x axis is the dilution.x axis is the dilution.x

Fig. 3. A: plot for per cent recovery (y axis) of rh-activin-A in the presence of rh-inh-A (¹), rh-activin-B (Â), |2 macroglobulin
(Ã) and rh-follistatin (¸). The x axis is molar ratio of interfering substance /rh-activin-A. x axis is molar ratio of interfering substance /rh-activin-A. x B: plot of per cent recovery (y axis) of
rh-activin-B in the presence of rh-inh-A (¹), rh-activin-A (Â), |2 macroglobulin (Ã) and rh-follistatin (¸). The x axis is molarx axis is molarx

ratio of interfering substance/rh-activin-B.
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The level of activin A ranged from 0.35 to 6.5 
ng/ml and the activin B level varied from 0.4 to 
10.4 ng/ml. Two samples each of the activin A 
and B were serially diluted and tested for paral-
 lelism against rh-activin-A and B standard curves 
(Figs. 2A(Figs. 2A(Figs. 2  and 2B; see above).

Discussion

Until recently, the detection and measurement 
of activin and inhibin have been dependent upon 
in vitro pituitary cell bioassay which is time con -
suming and subject to interference due to the 
antagonistic effects and varying amounts of each 
of the two molecules. Since 1985, several radioim -
munoassays for inhibin have been developed us -
ing polyclonal antisera raised against either syn -
thetic fragments (Saito et al., 1989) or native 
inhibin (Hamada et al., 1989). However, these 
antisera have been found to cross-react with vari-
ous forms of inhibin a subunit (Hamada et al.,
1989; Grootenhuis et al., 1989; Knight et al., 
1989; Schneyer et al., 1990). Recently a two site 
immunoradiometric assay for inhibin has been 
developed (Knight et al., 1991). The resulting 
assay is reported to be speciþ c for inhibin with 
1.5% cross-reactivity with activin, but the inter-
 ference of the | subunit has not been studied.

The development of an activin immunoassay 
has been hampered by the difþ culty in raising 
antibodies speciþ c to activin. The þ rst radioim-
 munoassay for activin A developed by Shintani et 
al. (1991) had 4.2% cross-reactivity with inhibin 
A. This is similar to the cross-reactivity (5.3%)
seen in the RIA developed by Lofgren et al. 
(1991). In an attempt to circumvent these difþ cul-
 ties, monoclonal antibodies to synthetic frag -
ments of | (Groome et al., 1990) and } subunits 
(Groome et al., 1991) were prepared and elegant 
two-site immunoassays for inhibin A and activin 
A were developed (Groome et al., 1992). How-
 ever the resulting inhibin A assay has 5.2% 
cross-reactivity with rh-activin-A and the activin 
A assay showed 5.3% cross-reactivity with rh-inh-
 A. In addition, the applicability of these assays to 
measure activin A in human serum had not been 
tested.

We have generated several monoclonal anti-
 bodies of rh-activin-A and -B. Using different 
incubation formats (blocking vs. competition) we 
were able to determine MAbs that bind to unique 
regions of the homodimer and thus select MAb 
pairs that can be used to develop a highly speciþ c 
ELISA. This was demonstrated by the negligible 
cross-reactivity with rh-inh-A (which shares a 
same }A subunit) and highly homologous rh -A subunit) and highly homologous rh -A
activin-B (in activin A ELISA) or activin A (in 
activin B ELISA). Furthermore, the 100% recov-
 ery of rh-activins in the presence of up to 64-fold 
molar excess of rh-inh-A, |2 macroglobulin, and 
rh-activin-A or B depending on the assays (Figs. 
3A and 3B) proved that these molecules did not 
interfere in the ELISAs. The presence of follis -
tatin, a single-chain glycoprotein that suppresses 
the secretion of FSH (Ueno et al., 1987) and was 
reported to bind activin (Nakamura et al., 1990) 
and inhibin (Shimonaka et al., 1991) resulted in a 
decrease of measured levels of activins; this phe -
nomenon was more pronounced in the activin A 
ELISA. However since follistatin-binding inacti -
vates the activins, it seems that the inability of the 
ELISAs to detect bound activins is consistent 
with the interpretation that these ELISAs mea -
sure only bioactive activins.

During the development of these ELISAs, we 
discovered that the sensitivity of the activin A 
assay can be further improved by using a one-step 
ELISA format. Depending on the conjugated 
MAb used in the ELISA, the non-speciþ c solid 
phase bound serum components can form com-
 plexes with the conjugated MAb and give false 
concentrations. Simultaneous incubation of sera 
with conjugated MAb (one-step ELISA format) 
enhanced the complexing of the non-speciþ c 
serum components with conjugated MAb (homo-
 geneous system) and thus resulted in the removal 
or reduction of non-speciþ c signal (Rowland et 
al., 1992). The spike-recovery of rh-activin-A in 
human samples showed that by using a one-step 
ELISA the interference of sera components is 
negligible (Table III).

In conclusion, we have developed two mono -
clonal antibody based ELISAs, one speciþ c for 
activin A and the other for activin B. The assays 
can quantitate rh-activins from tissue culture su-
 pernates as well as native activin in biological
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ÿ uid. We are currently using these assays to 
deþ ne the role of activins as well as the signiþ  -
cance of potential changes in activin levels in 
various stages of preganancy (Petraglia et al., 
1993).
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