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Summary: An immunofiltration technique for the semiquantitative assay of human chorionic gonadotropin
(hCG) was applied in two versions, using different antibodies. One anti-BhCG subunit was immobilized on
a glass microfibre disc in the form of six radially located bars, and the dry disc was placed on a water-
absorbing material in a plastic device. A second antibody labelled with horse radish peroxidase conjugate was
used in solution. For the colour reaction a solution with tetramethylbenzidine and hydrogen peroxide was
used. The number of blue bars appearing on the test disc depended on concentration range of human chorionic
gonadotropin. The technique with the monoclonal antibodies, anti-BhCG and anti-ahCG-horse radish per-
oxidase conjugate, was specific for intact human chorionic gonadotropin, while the technique with the rabbit
antibodies, raised against synthetic fragment 122-145-BhCG and BhCG-horse radish peroxidase, was useful
for both intact human chorionic gonadotropin and its B-chain. Cross reactions with human lutropin and
thyrotropin were negligible. Haemoglobin, urea and various tested drugs did not affect the assay. In the assay
of human chorionic gonadotropin in the urine of pregnant women and in sera of patients with trophoblastic
diseases, the results from the immunofiltration technique were in accordance with data obtained by classical
ELISA and by two commercial kits.

Introduction

Human chorionic gonadotropin (hCG) is synthesized
by syncytiotrophoblastic cells of the placenta and by
trophoblastic cells of some cancers. Therefore, the
detection of human chorionic gonadotropin in urine
or serum is useful in obstetric and oncological diag-
nosis (1, 2). During the last decade, simple and fast
techniques, like immunometric multilayer (3), dipstick
(4), immunoconcentration (5, 6), one-step chromato-
graphy (7), enzyme channelling (8) and radial parti-
tion immunoassay (9), havé been described for the
detection and semiquantitative assay of human cho-
rionic gonadotropin.

The immunofiltration technique presented in this pa-
per is fast, sensitive and simple, and can be performed
by an unskilled person even under non-laboratory
conditions.
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Materials and Methods
Hormones

Purified human chorionic gonadotropin, isolated from a com-
mercial hormone preparation (3000 —4000 IU/mg, Calbiochem)
by chromatography on DEAE- and CM-cellulose, was disso-
ciated in 8 mol/l urea, and the o- and B-subunits were separated
on DEAE-Sephadex column (10). The 3rd International Stan-
dard for chorionic gonadotropin (code No. 75/537) was from
the International Biological Standards Board (Great Britain).
Human lutropin and thyrotropin were purchased from Calbi-
ochem.

Antibodies

Monoclonal antibodies “MoAb anti-BhCG (IgG,) No. 9” and
“MoAb anti-ahCG (IgG,,) No. 99” were produced according
to the general procedure of Kéhler & Milstein (11), and isolated
from mouse ascites fluid on a protein A-Sepharose column (12).
Their affinity constants for the B- and the a-chain of human
chorionic gonadotropin are 1.16 x 10" and 4.28 x 10° and
their cross reactions with human lutropin arc 0.3 and 100%,
respectively (13).
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Rabbit antisera were obtained by immunization of rabbits with
BhCG or synthetic fragment 122-145-phCG conjugated to thy-
reoglobulin. Rabbit antibodies were isolated from antisera by
immunoaffinity chromatography as described for goat antibod-
ies (14).

Antibodies were conjugated to horse radish peroxidase’) (Type
V1, Sigma) by a modified periodate procedure (15). Antibodies
and human chorionic gonadotropin were radioiodinated by a
modified chloramine method (16) using 18.5 MBq of Na'#I per
50 pg antibody and per 5 pg human chorionic gonadotropin.
Specific radioactivities of iodinated proteins isolated on Seph-
adex G-25 column were 0.37 MBq/ug antibody and 1.48 MBq/
pg human chorionic gonadotropin.

Preparation of the immunofilter

Six solutions containing 1, 0.08, 0.02, 0.01, 0.005 and 0.0025
g/l of MoAb anti-BhCG or anti-122-145-BhCG in 0.1 mol/l Tris
buffer, pH 8.3, and rabbit IgG (I g/l) were used for drawing
six radially located bars (4 mm length and 1 mm wide) on a
glass microfibre sheet (Whatman AH 934) with a plotter-com-
puter system. Human chorionic gonadotropin/antibody com-
plex (0.01/0.1-g/l) was also immobilized as a control bar. The
sheet was dried, and the immunofilter disc (18 mm diameter)
was cut out and placed on water-absorbing material in a plastic
device. The immunofilter disc in the device was covered with
dry percolating filter Whatman AH 934, soaked with 10 g/l
casein in 0.5 mol/l Tris buffer, pH 8.3 and dried. The device
with the two filters was stored dry at 4—8 °C.

Assay of human chorionic gonadotropin
by the immunofiltration technique

Urine or serum (0.2 mi) was pipetted onto the percolating filter
and allowed to drain (1 min). A drop (0.2 ml) of a solution of
a proper antibody-horse-radish peroxidase conjugate (6 mg/l)
in 10 g/l casein, 0.05 mol/l buffer, pH 7.6, stabilized with 0.5
g/l thimerosal and 0.2 gfl gentamycin (reagent A), was then
placed on the percolating filter. After draining (2 min) the
percolating filter was removed and the immunofilter was
washed twice with 0.15 ml of a solution of 0.1 g/l Triton QS
44 in 0.5 mol/l NaCl, 10 mmol/l buffer, pH 7.6 (reagent B).
Finally 0.15 ml of a solution containing 1 mmol/l 3,3'5,5-
tetramethylbenzidine (Serva), 3 mmol/l hydrogen peroxide, 0.1

Y Enzyme
Peroxidase EC 1.11.1.7

mol/l citric-phosphate buffer, pH 5.0, and 230 g/l isopropanol
(reagent C) was placed on the immunofilter. The colour reaction
was allowed to proceed for 3 min, then 0.15 ml 10 g/l sodium
fluoride (reagent D) was placed on the immunofilter. The num-
ber of blue bars on the immunofilter Shows the concentration
range of human chorionic gonadotropin in the assayed sample.
If the human chorionic gonadotropin concentration was
> 1300 IU/l, the urine or serum was diluted with phosphate-
buffered saline.

ELISA determination of human chorionic gonado-
tropin in pregnancy urine

Wells in microtitre plates (type F, Nunc) were coated with
purified antibody (5 g/l) in phosphate buffered saline for 1 h at
room temperature. After blocking with 2 g/l casein in phosphate
buffered saline for 30 min and washing twice with casein-
phosphate buffered saline solution the wells were incubated for
1 h with urine sample (0.1 ml/well) diluted with casein-phos-
phate buffered saline. The wells were washed twice with casein-
phosphate buffered saline and incubated for 1 h with antibody-
horse radish peroxidase conjugate (0.5 mg/l) in casein-phos-
phate buffered saline. Then the wells were washed and incu-
bated with 5 mmol/l o-phenylenediamine and 6 mmol/l hydro-
gen peroxide in 0.1 mol/l citrate buffer, pH 5.0, (0.1 ml/well)
for 10 min. The colour reaction was stopped with 2 mol/l H,SO,
(0.1 ml/well) and absorbances were measured in an EIA Reader
(Dynatech) at 490 nm.

Other assays

Human chorionic gonadotropin in sera of patients suffering
from trophoblastic cancers was assayed using ABBOTT B-hCG
15/15 Test (Abbott Lab) and Enzymun Test HCG (No. 855332,
Boehringer Mannheim) according to the manufacturer’s in-
structions.

Results

Adsorption of the antibodies onto glass fibre
sheet

As observed in our laboratory, mouse and rabbit
immunoglobulins adsorb onto glass microfibre sheets.
This phenomenon was investigated using solutions

Tab. 1. Effect of washing on monoclonal and polyclonal antibodies (MoAbs and Abs) adsorbed to glass microfibre sheet

(Whatman AH 934).

n ['®I}Antibody concentration (g/1)

5 1 0.1 5 1 0.1

MoAb ar_nti-BhCG adsorbed Ab anti-122-145-BhCG adsorbed

(ngfbar, X s) (ng/bar, X + s)
No washing 4 10.0 +£ 0.5 2.0+ 02 0.2 + 0.002 10.0 + 0.5 20+ 0.2 0.2 +0.02
“Two times with 4 7.7+ 0.5 1.8 +£0.2 0.16 + 0.02 82 + 0.6 1.5 + 02 0.18 + 0.03
0.15 ml reagent B - N
Four times with 4 7.3+ 0.6 1.5+ 0.2 0.16 + 0.03 7.8 £ 0.5 1.6 + 0.3 0.11 + 0.02
0.15 ml reagents B . - . -
\():Vithdreégems A, B, 4 7.8 +04 1.4 +0.2 0.10 + 0.02 6.6 + 0.5 1.0+02 0.10 + 0.02

an * - v -

After washing, bars were cut out and their radioactivity measured.

* as described in Methods.
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Tab. 2. Binding of '**I-labelled human chorionic gonadotropin to MoAb anti-BhCG bars on immunofilters
MoAb anti-BhCG 125].Labelled human chorionic gonadotropin (ng for immunofilter)
on immunofilter 170 42 0.8
(ng/bar)
Human chorionic gonadotropin bound (ng/bar)
2 1.0 4+ 0.06 1.0 +0.07 0.19 +0.03 0.055 + 0.010
0.16 0.26 =+ 0.018 0.20 + 0.02 0.056 + 0.013 -
0.04 0.10 + 0.012 0.088 + 0.012 0.049 + 0.013 -
0.02 0.072 + 0.011 0.06 + 0.010 0.046 + 0.012 —

Preparation of immunofilters and determination of hormone binding are described under Methods.

with monoclonal antibody and antibody, both la-
belled with '?°I for drawing bars on the glass sheets
(Whatman AH 934). The dry immunofilters obtained
were washed as described for immunofiltration tech-

. nique and the remaining radioactivity of bars was

~ measured. Results are presented in table 1. Only 25—

50% of each antibody was eluted from the immuno-
filter either with reagent B or with all four reagents
used in the immunofiltration technique.

When rabbit IgG (1 g/l) was added to the solution
containing '*I-labelled antibody, there was increase
in the quantity of antibody adsorbed onto the glass
sheet. The amount of human chorionic gonadotropin
binding to antibody bars depends on the antibody
concentration in the bars, e.g. a maximum of 1 ng
125].]labelled human chorionic gonadotropin was
bound to one bar containing 2 pg of MoAb anti-
BhCG (tab. 2) or Ab anti-122-145-BhCG.

Immunofiltration technique
with monoclonal antibodies

The number of blue bars appearing on the immuno-
filter with MoAb-BhCG bars using MoAb-ahCG-
horse radish peroxidase depends on the concentration
of human chorionic gonadotropin (fig. 1). By using
3rd International Standard for human chorionic go-
nadotropin, it was possible to determine human cho-
rionic gonadotropin in the range 20 IU/1 to 1300 IU/1
(tab. 3). The range of assayed human chorionic go-
nadotropin concentration.can be increased by dilution
of investigated samples either with reagent A or with
phosphate buffered saline. Also, dilution of samples
with serum or urine from healthy and non-pregnant
persons did not affect assays with immunofiltration
technique. Addition of known amounts of 300 IU/I
and 800 IU/I (n = 6) to urine and serum samples gave
complete analytical recoveries. A high-dose hook ef-
fect was not observed, even with 10° IU/I.

Using the two monoclonal antibodies, only intact
human chorionic gonadotropin could be assayed by
immunofiltration technique. The technique was neg-
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Fig. 1. Immunofilter discs in plastic devices after assay of hu-
man chorionic gonadotropin (3rd International Stan-
dard for human chorionic gonadotropin 75/537) by
immunofiltration technique. 1, 0.0 [U/l; 2, 50 IU/I; 3,
500 IU/I; 4, 2000 IU/L. Standard was dissolved in reagent
A and assays were performed with two monoclonal
antibodies as described in Methods.

Tab. 3. Calibration of immunofiltration technique with stan-
dard hCG (3rd International Standard for human cho-
rionic gonadotropin 75/537)

Human chorionic
gonadotropin
(1U/1)%, range

Number of
blue bars

< 20
20— 60
60— 200
200— 500
500— 850
850—1300

=>1300

NAWVD W=

MoAb anti-BhCG immobilized on test filters and MoAb anti-
ahCG-horse radish peroxidase conjugate were used as described
in Methods.

* Diluted in reagent A.

ative with human lutropin and human thyrotropin
(1000 IU/1) and with serum and urine from healthy
men and non-pregnant or post-menopausal women.

Human chorionic gonadotropin in urine samples from
63 pregnant women was measured with two mono-
clonal antibodies by immunofiltration technique and



$

156

Rapak and Szewczuk: Assay of hCG by immunofiltration technique

—
o
[o2]

— —
o o
£ (1)
—
-——vl:l —_—
| ey |

-
o
N

o B

Human chorionic gonadotropin
(immunofiltration technique) (1U/I]
S
(%)
]

pury
o

10 102 103 104 105 106
Human chorionic gonadotropin
(ELISA) [IU/1]

Fig. 2. Human chorionic gonadotropin in urine of pregnant
women was assayed by immunofiltration technique and
by ELISA. Two monoclonal antibodies (anti-B-hCG
and anti-ahCG-horse radish peroxidase conjugate) were
used in both methods.
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Fig. 3. Human chorionic gonadotropin in sera of patients with
trophoblastic diseases assayed by the immunofiltration

technique with two monoclonal antibodies, and by the
Enzymun Test.

simultaneously by ELISA. The linear correlation be-
tween mean values from the immunofiltration tech-
nique and from the ELISA (fig. 2) was good (r = 0.87,
y = 1030 + 0.98x).

The hormone was also assayed in sera from 27 pa-
tients with choriocarcinoma and hydatidiform mole
by the immunofiltration technique with monoclonal
antibodies, and by the Enzymun Test (fig. 3). The
correlation coefficient was 0.86 (y = 1.72x — 796).

Immunofiltration technique with polyclonal
antibodies

Assays of intact human chorionic gonadotropin by
immunofiltration technique with rabbit Ab anti-122-

145-BhCG and Ab anti-BhCG-horse radish peroxi-
dase conjugate were almost the same as those with
monoclonal antibodies presented in table 3. It was
demonstrated also that immunbfiltration technique
with the two polyclonal antibodies was useful for the
assay of BhCG:; the ranges of the assays were the same
as those for intact human chorionic gonadotropin,
but «hCG, human lutropin and human thyrotropin
produced a negligible response: < 0.5%. When im-
munofiltration technique with polyclonal antibodies
was used for the assay of human chorionic gonado-
tropin in sera of 16 patients with trophoblastic dis-
eases (fig. 4), a good correlation was noted between
the mean values by immunofiltration technique and
the values from the Abbott Test (r = 0.98, y = 800
+ 0.89x).
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Fig. 4. Human chorionic gonadotropin in sera of patients as-
sayed by the immunofiltration technique with two po-
lyclonal antibodies (anti-122-145-BhCG and anti-
BhCG-horse radish peroxidase conjugate), and by the
Abbott Test.

Interferences

Human haemoglobin (0.4 g/1), urea (20 g/I) and drugs
(1 g/1) like acetylsalicylic acid, ascorbic acid, diclo-
fenac, co-tri-moxozole, cyclophosphamide, furose-
mide, ibuprofen, metamizole and theophylline did not
affect the immunofiltration technique assays, using
either two monoclonal, or two polyclonal antibodies.

Discussion

We exploited the observation that mono- and poly-
clonal antibodies adsorb sufficiently to glass micro-

fibre sheet for the simple preparation of immunofilters

with antibody bars without agtivation of the sheet
and without the yse of a coupling reagent. For local-
ization of the antibody-hCG-antibody-peroxidase
bars on immunofilters we applied a solution contain-
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ing tetramethylbenzidine and hydrogen peroxide sta-
bilized with isopropanol. Of 6 chromogenic substrates
investigated, this was found to be the most sensitive
chromogen for peroxidase (17).

The application of sodium fluoride solution was nec-
essary for inhibition of the peroxidase reaction and
reduction of the colour background which slowly
appears on the immunofilter. It was demonstrated
that the technique with two monoclonal antibodies
(anti-a and anti-BhCG) is useful for the assay of intact
human chorionic gonadotropin, and that two rabbit
antibodies (anti-122-145-BhCG and anti-BhCG) can
be used both for intact hormone and its B-chain.

The immunofiltration technique described in this pa-
per is so fast and simple that can be used for semi-

' quantitative assay of human chorionic gonadotropin
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in about 8 min, not only in hospitals or laboratories
of small clinics, but even by unskilled persons at home.

Dry immunofilters in special plastic devices and the
four reagent solutions used for the technique are
stable for at least 6 months when stored at 2—6 °C.

The described technique appears to be suitable for
monitoring pregnancy and some cancer diseases.
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