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DEVICES AND METHODS FOR DETECTING 
AMNIOTIC FLUID IN VAGINAL 

SECRETIONS 

PRIORITY DATA 

This is a U8. national phase application under 35 U.S.C. 
§371 of International Patent Application No. PCT/US2003/ 
025125, ?led Aug. 12, 2003, and claims bene?t of Us. Pro 
visional Application No. 60/403,407, ?led Aug. 13, 2002. 
The International Application Was published in English on 
Feb. 19, 2004 as WO 2004/014220 A1 under PCT Article 
21 (2). 

FIELD OF THE INVENTION 

The present invention relates to a diagnostic method for the 
accurate detecting of small quantities of amniotic ?uid in 
vagina. In particular, the invention relates to using speci? 
cally selected monoclonal antibodies that speci?cally bind 
placental al-microglobulin. More speci?cally, the present 
invention relates to the selection of a pair of anti-PAMG-l 
antibodies (“basic pair”) providing sensitivity su?icient for 
the detection of the minimum background concentration of 
PAMG-l in the vaginal secretion of pregnant Women. Fur 
ther, the present invention relates to a solid phase immunoas 
say system comprising PAMG-l antibodies, in Which a com 
bination of tWo or more anti-PAMG-l antibodies are 

immobiliZed on the solid phase support of the device to pre 
cisely set up a prede?ned threshold level of sensitivity. 

BACKGROUND OF THE INVENTION 

Premature rupture of the fetal membrane (amniotic sac) 
occurs in about 10% of pregnant Women and When not treated 
promptly, it is the cause of about 10% of all perinatal deaths. 
The term PROM (premature rupture of the fetal membranes) 
relates to the spontaneous rupture of the membranes 24 or 
more hours before the onset of labor either at term or preterm. 
PPROM refers to preterm premature rupture of membranes. 
Approximately about 30-50% of such premature ruptures 
occur before the 37th Week of pregnancy. In such cases, 
de?nitive diagnosis of the rupture is extremely important 
since PROM is associated With a signi?cant increase in the 
risk of an intrauterine infection and disturbance of develop 
ment of the fetal lung system. Intrauterine penetration of such 
infections increases both maternal and perinatal morbidity 
and mortality by about ten percent. Immediate diagnosis of a 
rupture at 38 to 40 Weeks of pregnancy is crucial, since once 
PROM is detected delivery should be induced as soon as 
possible. The rupture diagnosis is also important before 37 
Weeks of pregnancy because it enables prevention of intra 
amnion infection and the stimulation of fetal lung develop 
ment. 

There is no “gold standar ” available for the diagnosis of 
membrane rupture. PROM is a dynamic entity, so the interval 
betWeen membrane rupture and implementation of the diag 
nostic modality, the presence of “high” leaks, intermittent 
leakage, variations in the incidence of PROM relative to 
populations, and consideration of material that has the capa 
bility of interfering With test results are factors that When not 
addressed result in inaccurate reporting. These inaccuracies 
may lead to errors in interpreting studies Which aim to reveal 
the best tool for the identi?cation of PROM. 

The diagnosis of PROM has traditionally relied on the 
patient’s report of ?uid discharge from the vagina. Physical 
examination has the capability to diagnose unequivocally; 
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hoWever, there are times When the ?ndings at examination are 
internally inconsistent or equivocal. This situation mandates 
the need for con?rmatory diagnostic tests (LockWood C. J. et 
al.,Am. J. Obstet. Gynecol., 1994, v. 171, No 1,pp. 146-150). 
Several methods, all of them insu?icient, are presently used to 
detect amniotic ?uid in the vagina, such as the fern test (M. L. 
Friedman and T. W. McElin, “Diagnosis of Ruptured Fetal 
Membranes”, American Journal of Obstetrics and Gynecol 
ogy 1969, Vol. 100, pp. 544-550). This method is based on the 
detection of the amniotic ?uid by the observation of so-called 
arboriZation When the amniotic ?uid dries on a slide. This 
method, hoWever, is not su?iciently accurate since it is based 
on the highly volatile properties of amniotic ?uid in the 
vagina. It may produce false results in as many as 30 percent 
of the cases. 

It has been also proposed to detect the rupture of the fetal 
membrane by employing several dyes: nile blue, acridine 
orange, bromthyrol blue, nitraZine, etc. (M. L. Friedman and 
T. W. McElin, supra). This approach is inconvenient and has 
disadvantages related to the volatility of the chemical prop 
er‘ties of amniotic ?uid in the vagina and some possible 
admixtures to it. For instance, a vaginal infection can in?u 
ence the results of the above tests. An early study of currently 
prevalent NitraZine and Feming tests indicated that these tests 
had high inaccuracy rates, Which increased progressively 
When more than one hour has elapsed since membrane rup 
ture, and became inconclusive after 24 hours. The study con 
cludes that in cases of prolonged PROM these tests provide no 
better diagnostic information than that obtained by simple 
clinical evaluation (Gorodeski I. G, HaimovitZ L., Bahari C. 
M., Journal Perinat. Med, 1982, v. 10, No 6, pp. 286-292). 
More recent data (Trovo S. et al., Minerva Ginecol. 1998, v. 
50, No 12, pp. 519-512) on the tests are: 

NitraZine test shoWs sensitivity 70%, speci?city 97%, 
accuracy 90%; 
Feming test shoWs sensitivity 70%, accuracy 93%. 
It has been proposed recently to detect the rupture of fetal 

membranes based on an immunochemical analysis of the 
proteins in the amniotic ?uid. Docked immunochemical 
analysis utiliZes the folloWing proteins of the amniotic ?uid to 
detect a membrane rupture: alpha-fetoprotein, prolactin, 
?bronectin, and insulin-like groWth-factor binding protein 1, 
see B. L. Rochelson et al, “Rapid AssayiPossible Applica 
tion in the Diagnosis of Premature Rupture of the Mem 
branes”, in Obstetrics and Gynecology, 1983, v. 62, pp. 414 
418; P. R. Koninckx et al., “Prolactin Concentration in 
Vaginal Fluid: a NeW Method for Diagnosing Ruptured Mem 
branes”, British J. Obstetr. Gynecol., 1981, v. 88, pp. 607 
610; P. Hellemans, et al., “Preliminary Results With the Use of 
the ROM Check Immunoassay in the Early Detection of 
Rupture of the Amniotic Membranes”, Eur J. Obstet. 
Gynecol. Reprod. Biol, 1992, v. 43(3), pp. 173-179; Rutanen, 
E. M., et al., “Measurement of Insulin-like Growth-Factor 
binding Protein-1 in Cervical/Vaginal Secretions: Compari 
son With the ROM Check Membrane Immunoassay in the 
Diagnosis of Ruptured Fetal Membranes”, Clin. Chim. Acta., 
1993, v. 214, pp. 73-81. Rutanen, E. M., et al. developed later 
a chromatographic test using the upside-doWn-positioned 
chromatographic membrane (Fl-84863; U.S. Pat. No. 5,554, 
504). 
The methods Which are based on the detection of alpha 

fetoprotein (AFP) and prolactin (PRL) are unreliable since 
the blood/amniotic ?uid ratio of AFP and PRL proteins is 
prone to signi?cant variations. AFP and PRL are present in 
amniotic ?uid in high concentrations during the second tri 
mester of pregnancy only. The amniotic/serum protein con 
centration ratio for both proteins is only about 3 to 4 at term. 
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Another method based on the detection of fetal ?bronectin 
in the vaginal secretions has also been found unsatisfactory. 
For instance, the presence of fetal ?bronectin can take place 
even in the absence of the fetal membrane rupture (P. Helle 
mans, at al., “Preliminary Results With the Use of the ROM 
Check Immunoassay in the Early Detection of Rupture of the 
Amniotic Membranes”, Eur. .1. Obstetn Gynecol. Reprod. 
Biol. 1992, V. 43(3), pp. 173-179; C. Lockwood, et al., “Fetal 
Fibronectin in Cervical and Vaginal Secretions as a Predictor 
of Preterm Delivery”, New England Journal of Medicine, 
1991, v. 325, pp. 669-674), thereby producing false-positive 
results. 

All of these methods of detecting fetal membrane rupture, 
based on detection of alpha-fetoprotein, prolactin, and 
?bronectin, are inaccurate due to variable factors in control of 
the concentration of these proteins in amniotic ?uid and of the 
relative concentration of these proteins in the amniotic ?uid to 
that in blood serum. 

As for the IGFBP-l test update, there are contradictory 
data concerning its speci?city and accuracy. A rapid strip test 
(PROM test by OY Medix Biochemica, Finland, also named 
Amni-check, MAST Diagnostica, Germany), has been devel 
oped for detecting the presence of IGFBP-1 in the vaginal 
secretions (Rutanen E M, Karkkainen T H, Lehtovirta 1., 
Uotila J T, Hinkula M K, Hartikainen A L. “Evaluation of a 
rapid strip test for insulin-like groWth factorbinding protein-1 
in the diagnosis of ruptured fetal membranes”, Clin Chim 
Acta 1996 Sep. 30; v. 253(1-2), pp. 91-101). E. Rutanen 
reported that the detection limit of the test Was set so that 
IGFBP-l concentrations beloW 400 ng/ml in cervical secre 
tion (beloW the 95th percentile of serum IGFBP-l levels in 
pregnant Women) should remain negative. HoWever, in cases 
With bleeding, the test result should be interpreted With cau 
tion as blood straight from the placental bed may contain 
higher amounts of IGFBP-1 than blood from the cervical 
blood vessels. 

All samples (n:55) in Women With clinically con?rmed 
PROM shoWed a positive result and 71 of 75 samples taken 
from asymptomatic Women Were negative according to the 
test. Among this set of samples, the test had sensitivity of 
100% and speci?city of 94.7%. This fact can be explained by 
insuf?cient speci?city (cross reactivity) of the monoclonal 
antibody used at the ?rst step of testing. 
Among the 181 patients evaluated for suspected, but upon 

initial examination equivocal PROM, the test Was positive in 
64 cases and negative in 117 cases. Fifty of 64 positive 
patients (78.1%) delivered before 37 Weeks of gestation, 42 
(65.6%) Within 2 Weeks after sampling. Five of 117 patients 
With a negative test result had elective cesarean section for 
reasons unrelated to PROM. Among the other 112 patients, 
102 (91.1%) delivered at term and 10 (8.9%) delivered before 
37 Weeks, seven of those (6.3%) Within tWo Weeks after 
sampling (E. Rutanen et al. 1996). Unfortunately, there is no 
data regarding sensitivity and speci?city of the PROM test in 
Women With unequivocal diagnosis of PROM. 

In a study by W. Woltmann, Amni-check Was used to detect 
IGFBP-l in 150 amniotic ?uid specimens and 50 vaginal 
secretion samples from Women With clinically uncon?rmed 
PROM. The test had a sensitivity of 97% and a speci?city of 
100% (Woltmann W. et al., Z. Gebursh. Neonatal, 1995, v. 
199, pp. 243-244). 

V. Ragosh evaluated diagnostic accuracy of the Amni 
check test in the 75 vaginal secretion samples. The test 
shoWed a sensitivity of 100% and a speci?city of 83%. Inves 
tigators reported that the false positive rate Was strongly 
dependent on the labor activity. In Women With uterine con 
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4 
tractions, the test had a speci?city of 59% (Ragosch, V. et al., 
Geburtsh. U. Frauenheilillc, 1996, Vol. 56, pp. 291-296). 

In a study by E. Darj and S. Lyrenas (Acta Obstet. Gynecol. 
Scand, 1998, v. 77, pp. 295-297), PROM-test had a sensitiv 
ity of 95.7% and a speci?city of 93.1% among the patients 
With clinically con?rmed diagnosis (Women With obvious 
rupture of membranes or Women With intact membranes). 
HoWever, the sensitivity and speci?city of PROM-test Were 
only 70.8% and 88.2% respectively in the patients With sus 
pected PROM. This discrepancy could be explained by the 
cut-off limit of the test (400 ng/ml), Which makes it impos 
sible to detect a small amount of amniotic ?uid in vaginal 
secretions of patients With equivocal diagnosis (for instance, 
in the case of a small rupture). 

Thus a signi?cant background level of vaginal IGFBP-l in 
Women With intact membranes and a high cutoff threshold of 
the test may harm its sensitivity and speci?city and thus 
impact the test’s accuracy in patients With equivocal diagno 
sis. The admixtures of blood serum and/ or in?ammatory exu 
date could also impact the accuracy of test (see data of E. Darj 
et S. Lyrenas, above). The author of this test did not study the 
issue. 

In attempting to avoid some of the above-mentioned draW 
backs, tWo monoclonal antibodies Were used against tWo 
binding sites for insulin-like groWth factors to detect the 
unbound fraction of placental oq-microglobulin (U .S. Pat. 
Nos. 5,968,758; 5,597,700; 5,891,722; 5,877,029). 

In these patents the identity of the tWo proteins, unbound 
PAMG-l and IGFBP-1, Was baselessly assumed. As a matter 
of fact, such assumption could be based only on the compari 
son of the primary structure and genes of these proteins. 

In the above-mentioned patents it Was not possible to set up 
the threshold of sensitivity of such test so as to achieve the 
highest degree of accuracy possible (99% or above). The 
common problem for such tests is background level and vari 
ability of background concentration of the detected sub 
stance. For instance, the background level of another protein, 
IGFBP-l, in the vaginal secretion of pregnant Women, varies 
in a broad range from 0.5 to 90 ng/ml (see Rutanen’s studies). 
The second important point is the possibility of admixtures of 
in?ammation exudates or blood serum containing detected 
substance in vaginal secretion. This can cause false positive 
results. 

Protein PAMG-l Was ?rst described by D. Petrunin (Petru 
nin D. et al, Akusherstvo i Ginekologia, 1977, No. 1, p. 64, in 
Russian; see also PMID:65924 (PubMed-indexed for MED 
LINE: “Immunochemical identi?cation of organ speci?c 
human placental alpha-globulin and its concentration in 
amniotic ?uid”, Akusherstvo i Ginekologia (MoscoW) 1977 
January, Vol. 1, p. 64)). Antibodies Were obtained against the 
puri?ed and isolated protein, and immunochemical methods 
permitted measuring the contents of the protein in amniotic 
?uid (including amniotic ?uid taken from the vagina) at dif 
ferent stages of pregnancy. The concentration of the protein in 
blood and different organs of the fetus and adult Was also 
measured. 

This research group continued to publish neW results on the 
protein during subsequent years, until 1990 (Petruni, D. et al, 
“Comparative Study of Four Placental Protein During Gesta 
tion”, Akusherstvo i Ginekologia, 1988, No. 1, pp. 50-52; 
Zaraisky, E. et al, Voprosy Med. Khemii, 1989, No 5, pp. 
131-132; Tatarinov,Y. et al, Uspekhi Sovn Biologii 1990, Vol. 
109, pp. 369-373; Boltovskaya, M. et al, Bulletin ofExperi 
mental Biology and Medicine, 1991, No. 7, pp. 397-400; 
Nasimova, S. V et al, Bulletin of Experimental Biology and 
Medicine, 1993 September; Vol. 116, No. 9, pp. 302-304 (all 
these papers are in Russian With English abstracts). D. Petru 
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nin obtained the Invention Certi?cate on the method of iso 
lation of PAMG-l (# SU-1614184 A1, Priority year 1988). 

In 1988-89 a feW papers Were published detailing the par 
tial and full sequence of similar proteins, the Insulin-like 
GroWth Factor Binding Proteins (IGFBP), obtained from the 
amniotic ?uid, from placenta and from human hepatoma 
(Bell S et al, 1988; Luthman H. et al, 1989; Julkunen et al, 
1988; Lee, Y. et al, 1988). The gene Was localized in the piece 
7p14-7p12 of the 7”’ human chromosome. Before 1991, 
researchers used different names for this protein: oq-PEG, 
PP-12, IGFBP, BP-25, etc. 

In 1980-82, Bohn isolated a protein from the placenta and 
called it PP-12. In his paper, he compared PP-12 to the 
PAMG-l protein, discovered earlier, and discussed the simi 
larities and differences betWeen them. 

In contrast to the other research publications Was a paper by 
Bell et al (1988), Who found polymorphism in the N-end 
peptide of the oq-PEG protein, namely in the in the 11th and 
12”’ positions, and came to the conclusion that there Were, in 
actuality, tWo different proteins rather than one. 

S. Bell once again references his oWn paper regarding the 
tWo different proteins oq-PEG in amniotic ?uid. This paper 
accepts the decision of the Nomenclature Committee of 1990 
(Report on the Nomenclature of the IGF Binding Proteins, 
Journ. Clin. Endocr. And Melabol. 1990, 70, #3, p. 817), 
Which decided that proteins AFBP, PP-12, (XI-PEG, GH-Pro 
tein, Binding Proteins 28,26,25, JB-l are identical and gave 
them all a general name hIGFBP-l. 
A so-called free PAMG-l Was used to detect the fetal 

membrane rupture. HoWever, as mentioned above, a test With 
high accuracy (>99%) Was not created. This goal Was 
achieved later With our neW method and device, described in 
this Application. The present invention employs a method of 
selection of a pair of monoclonal antibodies to provide sen 
sitivity su?icient to detect a very loW concentration of 
PAMG-l in the vaginal secretion, and also involves selection 
of some other anti-PAMG-l antibodies, Which in combina 
tion With the tWo antibodies mentioned above, alloWed to 
precisely set up a prede?ned threshold of sensitivity for the 
strip device. This, in turn, made it possible to minimize the 
frequency of false positive results of the test. 

The present invention started from the pioneer study D. 
Petrunin, Who separated and described placental-alpha-mi 
croglobulin and carried out a thorough measurement of its 
concentration in the amniotic ?uid, blood and some tissues 
using immunochemical methods. This publication is the pub 
lic domain that should be taken into account by any 
researcher. The method of separation of PAMG-l has been 
protected by an o?icial author’s certi?cate (# SU-1614184 
A1, Priority year 1988), an equivalent of a patent in the former 
USSR. 

SUMMARY OF THE INVENTION 

The present invention relates to the method for detecting a 
small quantity of amniotic ?uid in vaginal secretions during 
pregnancy. 

The present invention relates to the method for detecting 
PAMG-l above the minimal background concentration of 
amniotic protein PAMG-l in the vaginal secretion of preg 
nant Women, Which indicates the presence of amniotic ?uid. 

In a speci?c embodiment, the method for the detection of 
the PAMG-l protein utilizes a pair of monoclonal antibodies 
specially selected to detect the minimum background concen 
tration of PAMG-l protein in vaginal secretion. This pair of 
antibodies has been used in combination With at least one 
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6 
additional anti-PAMG monoclonal antibody in order to pre 
cisely set up a given threshold of sensitivity of the test. 

The invention further contemplates use of a combination of 
PAMG-l -capturing antibodies in one strip device to enable a 
more precise set up of the threshold of sensitivity in the 
method for detection of the amniotic protein PAMG-l in the 
vaginal secretion. This approach provides greater control of 
sensitivity and dynamic range than use of a selected pair of 
antibodies alone. 

The most appropriate sensitivity threshold level of the 
method is found to be close to 5 ng/ml since the upper level of 
PAMG-l in vaginal secretion, Which may be caused by 
in?ammation, does not exceed 3 ng/ml, and on the other hand, 
the regular background level of PAMG-l in vaginal secretion 
of healthy pregnant Women is around 0.2 ng/ml. The signi? 
cant gap betWeen background level and threshold concentra 
tion of the detected substance minimizes false negative and 
false positive results. In an embodiment, the ?rst step of 
recognizing of amniotic PAMG-l takes place in the pad part 
of the strip device, Where the specially selected and labeled 
antibody is located. The second step of the reaction takes 
place at the test region of dipstick device Where the second 
antibody of the selected pair and preferably at least one addi 
tional anti-PAMG-l, antibody are immobilized. 

In summation, We describe the method and device for 
detecting small quantities of amniotic ?uid in the vagina of a 
pregnant Woman. The method is preferably based on selec 
tion of the pair of monoclonal antibodies against placental 
al-microglobulin (PAMG- 1 ). The goal of selection Was, ?rst, 
to measure a minimum background concentration of 
PAMG-l in the vaginal secretion. Having this information, 
any analytical technique capable of detecting PAMG-l above 
that threshold level can be employed to detect amniotic ?uid 
in vaginal secretions. Based on this information, one can 
create a device based on the use of the same pair and addi 
tional antibodies so as to loWer and accurately set up the 
threshold of sensitivity of the device and thereby minimize 
the likelihood of false negative and false positive results. 

Various combinations of capturing antibodies and frag 
ments thereof, or combinations of any other molecules are 
possible With the same properties as the properties speci?ed 
herein. 

In one embodiment of the present invention the method 
comprises the contact of a sample containing PAMG-l pro 
tein and the monoclonal antibody, the ?rst one of the selected 
pair, Which selectively detects PAMG-l. It further comprises 
the antibody that forms the antibody-PAMG-l complex, and 
the step of detection of the antibody-PAMG-one complex by 
another labeled monoclonal antibody of the pair. It ?nally 
comprises the quantitative measurement of the loW minimum 
background of PAMG-l in vaginal secretion of pregnant 
Women Who do not have rupture of amniotic membranes. This 
method is often used in ELISA class tests. 

In yet another embodiment of the present invention, the 
device implements the contact of a sample containing 
PAMG-l protein and a labeled monoclonal antibody, the ?rst 
one of the selected pair, Which selectively detects PAMG- 1. It 
further comprises the antibody that forms an antibody 
PAMG-l complex, the lateral ?oW of this complex, and the 
step of detection of the antibody-PAMG-l complex by 
another monoclonal antibody recognizing PAMG-l Whereby 
the sensitivity threshold of the device is set up around the 
range of 5-7 ng/ml using additional antibodies With a higher 
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accuracy than the accuracy that can be attained using the pair 
of PAMG-1-recogniZing monoclonal antibodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic longitudinal sectional vieW of a 
device of the invention Which may be used to detect the 
presence of PAMG-1 in order to diagnose the rupture of a fetal 
membrane. 

FIG. 2 is a planar vieW ofthe device of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention addresses the above-mentioned problems of 
accurately detecting amniotic ?uid in vaginal secretions by 
detecting very loW concentrations of placental al-microglo 
bulin in vaginal secretion. This approach proved advanta 
geous due to a loW background level (around 0.2 ng/ml in 
vaginal secretion of pregnant Women) of PAMG-l concen 
tration. The crucial point of this invention Was the selection of 
the monoclonal antibody to detect the protein at loW concen 
tration, Which permits quanti?cation of these values and in 
turn, enables any analytical technique to be used to detect the 
level of PAMG-l. The presence of PAMG-l at loW concen 
tration in vaginal secretion could be expected since perme 
ability of capillary Wall for blood proteins depends on post 
translational modi?cations of proteins and their interaction 
With other molecules (Marinaro J. A. et al: O-glycosylation 
delays the clearance of human IGF-binding protein-6 from 
the circulation; Eur J Endocrinol 2000, May; l42(5):5l2; 
Schneeberger E. E.: Proteins and vesicular transport in cap 
illary endothelium; Fed Proc 1983 may 15; 42(8):2419-24; 
Minshall R D et al: Vesicle formation and tra?icking in endot 
helial cells and regulation of endothelial barrier function; 
Histochem Cell Biol 2002 February; 117(2): 105-12; Del 
Vecchio P J et al: Endothelial monolayer permeability to 
macromolecules; Fed Proc 1987 June; 46(8):2511-5; 
Si?inger-Birnboim A et al:Selectivity of the endothelial 
monolayer: effects on increase permeability; Microvasc Res 
1998 November; 36(3):216-27; Ghinea N, Milgrom E A neW 
function for the LH/CG receptor: transcytosis of hormone 
across the endothelial barrier in target organs; Semin Reprod 
uct Med 2001; 19(1):97-101). Among the PAMG-l mol 
ecules, Which underWent the posttranslational modi?cations, 
or established a non-covalent bond With another molecules, 
are those Who se penetration into the vaginal secretion is mini 
mal. The concentration of such molecules in the vaginal 
secretion should be loW, unless there is a breach in the amni 
otic sack. Heterogeneity of PAMG-l molecules could also be 
the result of alternative splicing. Bell et al. presented data 
regarding tWo close, but different, proteins (XI-PEG in amni 
otic ?uid. Alphal-PEG is close to PAMG-l. The loW or high 
penetration of different molecules into vaginal secretion 
occurs due to the selective permeability of the capillary Walls 
and selective secretory processes. A successful immunoassay 
required detecting the loW background concentration of 
PAMG-l molecules in vaginal secretion. 
A pair of monoclonal antibodies capable of such detection 

Was successfully selected. The exact characteristics of the 
detected PAMG-l molecules appear unimportant for the pur 
poses of this invention, With one exception: its loW concen 
tration in the vaginal secretion must be certain. This param 
eter is su?icient to set the sensitivity threshold at a loW level, 
maintaining a signi?cant gap betWeen the threshold of the test 
and background level of PAMG-l concentration in vaginal 
secretion. This choice of the optimum threshold alloWs for 
?ltering out both the potential false negative and false positive 
results of the test. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
In particular, monoclonal antibodies (MAb) to placental 

alpha-1 -micro globulin Were studied based on their reaction in 
the system MAb-PAMG-l-conjugate of another MAb of the 
present invention (Example 4, Table 6). The highest titer has 
been found using speci?cally the pair M271-M52. HoWever, 
using the pair MAb271-MAb52 and routine ELISA tech 
nique, the applicants failed to detect any concentration of 
PAMG-l in vaginal secretion. A high sensitivity ELISA tech 
nique Was developed for the pair MAb271-MAb52 (Example 
5, Table 7) and employed to measure loW (picogram-range) 
concentrations of PAMG-l in vaginal samples (Example 6, 
Table 8), and then in both cervical and vaginal secretions of 
pregnant Women (Example 7, Table 9). In ELISA, the ?rst 
layer Was formed from high-speci?city MAb M271. The 
horseradish peroxidase conjugate contained MAb M52, 
diluted in the buffer that did not contain any inhibiting agents. 
From Example 7, Table 9 one can see that the concentration 

of PAMG-l in cervical and vaginal secretions of pregnant 
Women Without complications in pregnancy ranged from 0.05 
to 0.22 ng/ml. One can see from this data that 

normal concentration of PAMG-l (8 cases) is localiZed 
around some stable level. The relative stability of 
PAMG-l both in the vagina and in cervix may serve an 
indication of the stability of the parameters of the 
method and of the standardized Way of collecting 
samples; 

mean levels of the normal concentration of PAMG-l in the 
cervical secretion is around 151 pg/ml, in the vaginal 
secretion it is around 110 pg/ml; 

in the case of gestational pathology, non-related to blood 
vessel disturbances (anemia, delay in fetus develop 
ment), also a near-normal level of PAMG-l Was 
observed; 

blood admixture is accompanied by an increase in the 
concentration of PAMG-l in the cervix, Which Was 
observed at the level 290 pg/ml, in contrast to the normal 
concentration of 151 pg/ml; 

PAMG-l level increases in the presence of symptoms from 
pre-term labor and gestosis, Which may be accustomed 
to the increased permeability of fetal membranes to pro 
teins; 

given a leakage of amniotic ?uid, the PAMG-l level 
sharply increases (by a factor of 10-50). 

As shoWn in the examples beloW, a pair of monoclonal 
antibodies M271 and M52 Was selected for further develop 
ment of the method, device and test kit. 

The present invention thus relates in particular to a selected 
pair of monoclonal antibodies having binding a?inity for 
PAMG-l, biological compositions including antibodies hav 
ing binding a?inity for PAMG-1, kits for detecting PAMG-l 
using the antibodies of the present invention, and cell lines for 
producing antibodies of the present invention. The present 
invention also relates to devices and methods for detecting 
PAMG-l, as Well as fetal membrane rupture, based on the 
presence of amniotic ?uid in the vagina, as indicated by the 
presence of PAMG-l in the vaginal secretion. 
As Will be described herein in greater detail, the present 

invention arises in part from a study With a pair of monoclonal 
antibodies that alloW the detection of the minimum back 
ground concentration of PAMG-1 in the vaginal secretion of 
pregnant Women. The minimum background concentration of 
PAMG-l in vaginal secretion and its high concentration in 
amniotic ?uid alloWs, ?rst of all, to set up the threshold of 
sensitivity of a device at a loW level and to thereby detect very 
small quantities of amniotic ?uid in vaginal secretion, and 
secondly, to position the threshold of sensitivity of the device 
in an optimal Way, speci?cally betWeen the typical level of the 
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loW minimum background concentration of PAMG-l in the 
vaginal secretion of pregnant Women Without rupture of fetal 
membranes, and a high typical level of PAMG-l in the amni 
otic ?uid. An additional monoclonal antibody or antibodies 
against PAMG-l alloWs the more accurate set-up of the 
threshold of sensitivity of the device at a prede?ned level e.g., 
for semi-quantitative analysis. Further, because the presence 
of amniotic ?uid in vaginal secretion is indicative of a fetal 
membrane rupture, the detection of PAMG-l in vaginal secre 
tion can also be used to detect fetal membrane rupture. All this 
in combination alloWs the minimiZing of false results of the 
test detecting PROM and PPROM. 

According to the present invention, antibodies speci?c for 
PAMG-l can be incorporated into compositions of matter, 
kits, devices and methods used for the detection of PAMG-l 
and thereby the occurrence of a fetal membrane rupture based 
on the presence of PAMG-l in the vaginal secretion. 

Protein PAMG-l 

PAMG-l is a protein that is present in the serum, amniotic 
?uid and vaginal secretion of pregnant Women and in the 
serum of all people. PAMG-l is present in the serum of non 
pregnant (0-60 ng/ml) and pregnant (5-120 ng/ml) Women 
Where the measured concentration depends on the pair of 
monoclonal antibodies that has been used for its detection 
(Example 1, tables 1, 2). It is knoWn that the use of different 
pairs of antibodies against the same protein can yield a dif 
ferent measured concentration of that protein. Thus, in an 
analogous study by Diamandi A. et al (see Diamandi A. et al 
“Immunoassay of the Insulin-Like GroWth Factor-Binding 
Protein-3” inJournal ofClinical Endocrinology andMeZabo 
lism, 2000, June, Vol. 85, No 6, pp. 2327-2333), three variants 
of ELISA shoWed three different concentrations of IGFBP-3, 
Which Diamandi A. et al attributed to the ability of each 
antibody pair to pick a speci?c posttranslational modi?cation 
of the protein molecules. PAMG-l is found in amniotic ?uid 
in a signi?cantly higher concentration than in serum (2000 
75000 ng/ml). 
PAMG-l Was isolated in 1977 from amniotic ?uid by D. 

Petrunin and Was originally referred to as speci?c alpha-1 
globulin of placenta (D. Petrunin, et al., “Immunological 
Identi?cation of Organ Speci?c alpha-1 Globulin of Human 
Placenta and Its Content in the Amniotic Fluid,” in Akusher 
slvo i Ginekologiya, 1977, N 1, pp. 64-65, MoscoW, USSR 
(see Example 2)). 
A similar but not identical protein, identi?ed as PP12 (pla 

cental protein 12), Was later isolated and puri?ed from pla 
cental and fetal membranes by Bohn, et al. (“Isolierung und 
Characterisierung eines Neuen PlacentaspeZi?schen Proteins 
(PP12),” in Arch. Gynecol, 980, Vol. 229, pp. 279-291). S. 
Bell, et al. reported the separation of endometrial PEG-1 
protein, different from PP12 in tWo amino acid substituents 
(amino acids N1 1, 12) in the N-terminal peptides of 15 amino 
acids (S. Bell, et al., American Journal of Reproductive 
Immunology, 1989, Vol. 20, pp. 87-96). 

In order to further characterize the proteins identi?ed from 
amniotic ?uid, a series of measurements Were conducted for 
determining the molecular Weight ofPAMG- 1. The immuno 
blotting method Was used in order to determine the molecular 
Weight of PAMG- 1, Which Was found to be 32 kD (kilodalton, 
kD is an atomic mass unit) (Boltovskaya, M. N. et al., “His 
tochemical and Clinico-Diagnostic Study of the Placental 
Alpha-Microglobulin [PAMG-l] Using Monoclonal Anti 
bodies,” in Bulletin ofExperimenZal. Biology and Medicine, 
1991, No. 10, pp. 397-400). Applicants later assumed that 
PAMG-l relates to the family of IGFBP proteins (see US. 
Pat. No. 5,968,758). 
PAMG-l can be present in different isoforms, i.e., having 

undergone different post-translational modi?cations. Anti 
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10 
bodies may have differential speci?city for one isoform over 
another, and this can be used to advantage in the assays of the 
invention. 

Antibodies to PAMG-l 

Originally, the monospeci?c antibodies to PAMG-l Were 
used (see, for example, Tatarinov, Y. et al, in Uspekhi Sovr. 
Biologii, 1990, Vol. 109, pp. 369-373). Later, antibodies Were 
obtained capable of recogniZing only those PAMG-l mol 
ecules that Were free of IGF-1 and IGF-2 (US. Pat. No. 
5,891,722). 

Herein, the term “antibody” refers to any protein having a 
binding a?inity as speci?ed in this application, independent 
of the method used to obtain the protein. For example, the 
protein may be a monoclonal antibody or fragment thereof, or 
any molecule having a binding speci?city as speci?ed in this 
application. 

According to the invention, PAMG-l polypeptide sepa 
rated from body ?uids produced recombinantly or by chemi 
cal synthesis, and fragments or other derivatives or analogs 
thereof, including fusion proteins, may be used as an immu 
nogen to generate antibodies that recogniZe the PAMG-l 
polypeptide. Such antibodies include but are not limited to 
polyclonal, monospeci?c, monoclonal, chimeric, single 
chain, Fab fragments, and an Fab expression library. The 
anti-PAMG-l antibodies of the invention may be cross reac 
tive, e.g., they may recogniZe PAMG-l from different spe 
cies. Polyclonal antibodies have greater likelihood of cross 
reactivity. Alternatively, an antibody of the invention may be 
speci?c for a single form of PAMG-l. Preferably, such an 
antibody is speci?c for human PAMG-1. 

Various procedures knoWn in the art may be used for the 
production of polyclonal antibodies to PAMG-l polypeptide 
or derivative or analog thereof. For the production of anti 
body, various host animals can be immuniZed by injection 
With the PAMG-l polypeptide, or a derivative (e. g., fragment 
or fusion protein) thereof, including but not limited to rabbits, 
mice, rats, sheep, goats, etc. In one embodiment, the PAMG-l 
polypeptide or fragment thereof can be conjugated to an 
immunogenic carrier, e.g., bovine serum albumin (BSA) or 
keyhole limpet hemocyanin (KLH). Various adjuvants may 
be used to increase the immunological response, depending 
on the host species, including but not limited to Freund’s 
(complete and incomplete), mineral gels such as aluminum 
hydroxide, surface active substances such as lysolecithin, 
pluronic polyols, polyanions, peptides, oil emulsions, key 
hole limpet hemocyanins, dinitrophenol, and potentially use 
ful human adjuvants such as BCG (bacille Calmette-Guerin) 
and Corynebaclerium parvum. 

For preparation of monoclonal antibodies directed toWard 
the PAMG-l polypeptide, or fragment, analog, or derivative 
thereof, any technique that provides for the production of 
antibody molecules by continuous cell lines in culture may be 
used. These include but are not limited to the hybridoma 
technique originally developed by Kohler and Milstein (N a 
ture 1975, 256:495-497), as Well as the trioma technique, the 
human B-cell hybridoma technique (KoZbor et al., Immunol 
ogy Today 1983, 4:72; Cote et al., Proc. Natl. Acad. Sci. 
USA. 1983, 80:2026-2030), and the EBV-hybridoma tech 
nique to produce human monoclonal antibodies (Cole et al., 
in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, 
Inc., pp. 77-96, 1985). In an additional embodiment of the 
invention, monoclonal antibodies can be produced in germ 
free animals (International Patent Publication No. WO 
89/ 12690, published 28 Dec. 1989). In fact, according to the 
invention, techniques developed for the production of “chi 
meric antibodies” (Morrison et al., J. Bacteriol. 1984, 159: 
870; Neuberger et al., Nature 1984, 312:604-608; Takeda et 
al., 1985, Nature 314:452-454) by splicing the genes from a 
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mouse antibody molecule speci?c for an PAMG-l polypep 
tide together With genes from a human antibody molecule of 
appropriate biological activity can be used; such antibodies 
are Within the scope of this invention. Such human or human 
iZed chimeric antibodies are preferred for use in therapy of 
human diseases or disorders (described infra), since the 
human or humaniZed antibodies are much less likely than 
xenogenic antibodies to induce an immune response, in par 
ticular an allergic response, themselves. 

According to the invention, techniques described for the 
production of single chain antibodies (U .S. Pat. Nos. 5,476, 
786 and 5,132,405 to Huston; US. Pat. No. 4,946,778) can be 
adapted to produce PAMG-l polypeptide-speci?c single 
chain antibodies. Indeed, these genes can be delivered for 
expression in vivo. An additional embodiment of the inven 
tion utiliZes the techniques described for the construction of 
Fab expression libraries (Huse et al., Science 1989, 246: 
1275-1281) to alloW rapid and easy identi?cation of mono 
clonal Fab fragments With the desired speci?city for an 
PAMG-l polypeptide, or its derivatives, or analogs. 

Antibody fragments that contain the idiotype of the anti 
body molecule can be generated by knoWn techniques. For 
example, such fragments include but are not limited to: the 
F(ab)2 fragment Which can be produced by pepsin digestion 
of the antibody molecule; the Fab fragments Which can be 
generated by reducing the disul?de bridges of the F(ab)2 
fragment, and the Fab fragments Which can be generated by 
treating the antibody molecule With papain and a reducing 
agent. 

In the production of antibodies, screening for the desired 
antibody can be accomplished by techniques knoWn in the art, 
e.g., radioimmunoassay, ELISA (enzyme-linked immunosor 
bant assay), “sandWich” immunoassays, immunoradiometric 
assays, gel diffusion precipitin reactions, immunodiffusion 
assays, in situ immunoassays (using colloidal gold, enZyme 
or radioisotope labels, for example), Western blots, precipi 
tation reactions, agglutination assays (e.g., gel agglutination 
assays, hemagglutination assays), complement ?xation 
assays, immuno?uorescence assays, protein A assays, and 
immunoelectrophoresis assays, etc. In one embodiment, anti 
body binding is detected by detecting a label on the primary 
antibody. In another embodiment, the primary antibody is 
detected by detecting binding of a secondary antibody or 
reagent to the primary antibody. In a further embodiment, the 
secondary antibody is labeled. Many means are knoWn in the 
art for detecting binding in an immunoassay and are Within 
the scope of the present invention. For example, to select 
antibodies Which recogniZe a speci?c epitope of an PAMG-l 
polypeptide, one may assay generated hybridomas for a prod 
uct Which binds to an PAMG-l polypeptide fragment con 
taining such epitope. For selection of an antibody speci?c to 
an PAMG-l polypeptide from a particular species of animal, 
one can select on the basis of positive binding With PAMG-l 
polypeptide expressed by or isolated from cells of that species 
of animal. 

Speci?c Antibodies According to the Present 
Invention 

Hybridoma cell lines according to the present invention are 
produced by the folloWing procedure. First, mice having 
spleen and lymph node B-cells are immuniZed With PAMG-l . 
Hybridomas are then produced to immortaliZe the B-cells. 
The B-cells may be spleen and/or lymph node B-cells. Those 
hybridomas, Which produce a monoclonal antibody having a 
binding af?nity for PAMG- 1, are then identi?ed in an ELISA: 
?rst layer: PAMG-l; second layer: hybridoma supernatant; 
and third layer: conjugate of rabbit anti-mouse antibodies 
labeled by horse radish peroxidase. These identi?ed hybrido 
mas are then cultivated in vitro or in ascites and the mono 
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clonal antibodies they produce are isolated. In a speci?c 
embodiment, the antibodies are from hybridomas N52, N271 , 
and N42 as deposited With the Russian National Collection of 
Industrial Microorganisms Depository With accession nos. 
VKPM H-92, VKPM H-93 and VKPM H-94, respectively. 

Compositions According to the Present Invention 

The present invention is also directed to a series of com 
positions that include tWo or more antibodies according to the 
present invention. In one embodiment, the composition 
includes a pair of antibodies and a detectable marker attached 
to one of the pairs of antibodies. A variety of detectable 
markers may be used, including, but not limited to, stained 
particles, enZymes, ?uorescent dyes, and radioactive iso 
topes. One particular example of a detectable marker is a gold 
stained particle having an average dimension in the range of 
20 to 30 nm. Another example of a detectable marker is the 
horseradish peroxidase. For example, methods for attaching a 
detectable marker to an antibody are described in Methods In 
Enzymology, 1981, Vol. 73, pp. 3-46 by HarloW, E., and Lane, 
D.; in “Antibodies a Laboratory Manual,” Cold Spring Har 
bor Laboratory, 1988, pp. 322, 323, and 343; and Pierce 
Catalog, pp. T9-T17 (1996). Suitable enZymes include, but 
are not limited to, alkaline phosphatase and horseradish per 
oxidase. Other markers or labels for use in the invention 
include colloidal gold, colored latex beads, magnetic beads, 
?uorescent labels (e.g., ?uorescene isothiocyanate (FITC), 
phycoerythrin (PE), Texas red (TR), rhodamine, free or che 
lated lanthanide series salts, especially Eu3+, to name a feW 
?uorophores), chemiluminescent molecules, radio-isotopes 
(125I, 32P, 35S, chelated Tc, etc.) or magnetic resonance 
imaging labels. Other markers include ?uorescence quench 
ing and ?uorescence transfer markers, e.g., as used in homog 
enous as Well as solid phase assays. Furthermore, in accor 
dance With the invention a marker can be an epitope, binding 
partner, or “handle” for interaction With another molecule, 
such as biotin-streptavidin; glutathione-GST; hexahistidine 
nickel; etc. The invention also contemplates using secondary 
antibodies, Which are themselves detectably labeled, as mark 
ers (e.g., in a situation Where the anti-PAMG-l antibody pair 
uses antibodies With Fc portions from tWo different animal 
species). 

In another embodiment, the composition may further 
include tWo or more monoclonal antibodies localiZed in the 
test region of the strip device of the invention. 

Kits According to the Present Invention 

The present invention also relates to kits for detecting 
PAMG-l. In one embodiment, the kit includes a pair of anti 
bodies according to the present invention: one of them highly 
speci?c to PAMG-l . In one variation of the kit, one or another 
antibody includes a detectable marker attached to an anti 
body. In another variation, one or another antibody of a 
selected pair is attached to a solid support. In this variation, 
the mobiliZable antibody of the selected pair includes a 
detectable marker. In another embodiment, the composition 
comprises three or more monoclonal antibodies, one of Which 
is mobiliZable and detectable, as this combination permits 
adjusting the threshold of sensitivity of an immunochromato 
graphic assay. 

In a speci?c embodiment, the highest binding a?inity anti 
PAMG-l antibody is mobiliZable andplaced in the pad region 
of the device for initial sample contact. Another antibody is 
placed in the test region of the device. Alternatively, other 
monoclonal antibodies With high binding a?inity for PAMG 
1, albeit not as high as the highest binding a?inity, can be 
prepared in different combinations to immobiliZe in the test 
region of the device to set up or tune a prede?ned threshold of 
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sensitivity for the device of the invention. This can be done 
through routine experimentation, as shoWn in Example 11. 
Different compositions of antibodies establishes a threshold 
of signal detection for the device of the present invention at a 
prede?ned level. 

Methods and Devices for Detecting PAMG-l 

The present invention establishes that PAMG-l, particu 
larly PAMG-l present in amniotic ?uid in much greater 
amounts than in normal vaginal ?uid, is a useful analyte for 
detecting fetal membrane rupture that results in leakage of 
amniotic ?uid into the vagina. In other Words, it permits a 
diagnosis of premature rupture of membranes, i.e., the amni 
otic sac. The invention further establishes cut-offs for detect 
ing PAMG-l under normal conditions, various symptoms of 
vaginitis, and true membrane rupture. Having identi?ed the 
analyte and the relative levels indicating membrane rupture, 
one of ordinary skill in the art can then employ, to full advan 
tage, any analytical technique knoWn for the detection of 
proteins to determine Whether a condition of premature mem 
brane rupture has occurred in a patient. 

Immunoassays, particularly immunochromatographic 
assays, constitute a preferred technique in accordance With 
the invention, and immunoassays are set forth in detail beloW. 
These assays have the advantage of speci?city, accuracy, 
speed, and economy. 
The invention can also employ other methods for detecting 

and quantitating PAMG-l, although these methods may 
require expensive equipment and limit assays to laboratory 
setting. One such technique is mass spectrometry, e. g., using 
matrix-assisted laser-desorption (MALDI) time-of-?ight 
(TOF) mass spectrometry (MS) With delayed extraction and a 
re?ectron in the time-of-?ight chamber. Preferably MALDI 
assays are performed on silicon arrays. An example of an 
array for MALDI is 200 um circular gel pads at 350 um 
centers, on oxidiZed silicon. A hydrophobic surface (repellent 
surface) betWeen gelpads further provides a more focused 
matrix/protein spot for MALDI, thereby improving signal for 
quantitation. For example, spots produced using the Packard 
Bioscience system can be less than 200 um in diameter. The 
PieZo system can deliver about 300 pL of MALDI matrix 
(e. g., DHB, sinapinic acid) to the exact position of the a?inity 
capture agent-peptide spot to create a homogeneous peptide/ 
matrix crystal. Desorption/Ionization (Karas, et al. Ion Pro 
cesses, 1987, v. 78, pp. 53-68 or Zenobi, et al. Mass Spectrom. 
Rev. 1998, v. 17, pp. 337-366) from this crystal in a MALDI 
MS (e.g., Perseptive Voyager) yields a mass spectrum Where 
the height of a peptide peak is relative to the amount protein 
containing that peptide. 
An alternative technique for use in the invention is capil 

lary electrophoresis chromatography, Which can permit quan 
titation of an analyte present in a small amount of sample. 

Furthermore, quantitative biochemical techniques, such as 
polyacrylamide gel electrophoresis, high performance liquid 
chromatography, and the like may be employed, alone or in 
combination, to detect and quantitate the amount of PAMG-l 
in a sample. 

Immunological Methods and Devices for Detecting 
PAMG-l 

Various means knoWn in the art for detecting immunospe 
ci?c binding of an antibody to an antigen can be used to detect 
the binding in accordance With the present invention. An early 
method of detecting interaction betWeen an antigen and an 
antibody involved in analysis of the complex is by precipita 
tion in gels. A further method of detecting an analyte-detector 
antibody binding pair includes the use of radioiodinated 
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14 
detector antibodies or a radioiodinated protein Which is reac 
tive With I gG, such as ProteinA. These early methods are Well 
knoWn to persons skilled in the art, as revieWed in Methods in 
EnZymology, 1980, v. 70, pp. 166-198. By selecting an anti 
body and conditions that yield a positive result above the 
threshold values for PROM disclosed herein, one may 
employ this technology in the practice of the invention. 

Later methods for determining the presence of an analyte 
in a sample using only one antibody included competitive 
binding assays. In this technique the antibody, Which most 
often Would be immobiliZed onto a solid support, Would be 
exposed to a sample suspected of containing the analyte 
together With a knoWn quantity of labeled analyte. The tWo 
analytes, the labeled analyte and the analyte in the sample 
Would then compete for binding sites on the antibody. Either 
free labeled analyte or bound labeled analyte is determined 
and from this measurement the amount of competing analyte 
in the sample is knoWn. A more complete description of this 
method is disclosed in “Basic Principles ofAntigen-Antibody 
Reaction”, Elvin A. Labat, (Methods in EnZymology, 70, 
3-70, 1980). In this example the labeled analyte can be 
labeled With either a radioisotope or an enZyme label. 
More current immunoassays utiliZe a double antibody 

method for detecting the presence of an analyte. These tech 
niques are also revieWed in the above referenced volume of 
Methods in EnZymology. Therefore, according to one 
embodiment of the present invention, the presence of the 
individual markers are determined using a pair of antibodies 
for each of the markers to be detected. One of said pairs of 
antibodies is referred to herein as a “detector antibody” and 
the other of said pair of antibodies is referred to herein as a 
“capture antibody”. One embodiment of the present invention 
thus uses the double antibody sandWich method for detecting 
PAMG-l in a sample of vaginal ?uid. In this method, the 
analyte is sandWiched betWeen the detector antibody and the 
capture antibody, the capture antibody being irreversibly 
immobiliZed onto a solid support. The detector antibody 
Would contain a detectable label, in order to identify the 
presence of the antibody-analyte sandWich and thus the pres 
ence of the analyte. 
Common early forms of solid supports include plates, 

tubes or beads of polystyrene, all of Which are Well knoWn in 
the ?eld of radioimmunoassay and enZyme immunoassay. 
More recently, a number of porous materials such as nylon, 
nitrocellulose, cellulose acetate, glass ?bers and other porous 
polymers have been employed as solid supports. 

Thus, in a speci?c embodiment, the device of the invention 
comprises means for conducting an immunochromato 
graphic assay (“immunochromatographic assay device”). 
Such a device comprises a solid phase means for conducting 
a liquid. As used herein, the term “solid phase means for 
conducting a liquid” refers to a solid support that alloWs 
migration of a liquid therethrough, e. g., via capillary action. A 
typical product of this nature is a nitrocellulose membrane, 
Which may be prepared by methods Well knoWn to those 
skilled in the art. 
Many immunochromatographic assay means and formats 

are knoWn in the art, and can be used in the practice of the 
present invention. Immunochromatographic assays using a 
membrane as a solid support in a dipstick or ?oW-through 
device are Well established for use in the clinical laboratory 
and for alternative, i.e., non-laboratory, site testing. The usual 
presentation for an immunochromatographic assay device is 
a membrane (cellulosic or non-cellulosic) enclosed in a plas 
tic holder. The plastic holder keeps the membrane in a suitable 
con?guration in order to ensure correct functioning of the 
entire device. There are many variations of the basic structure 
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of assay devices. For example, Litman et al. (US. Pat. Nos. 
5,156,952 and 5,030,558) describe an assay method and 
device for determining the presence of a minimum amount of 
an analyte in a sample. Ullman etal. (US. Pat. Nos. 5,137,808 
and 4,857,453) describe a device to house an assay membrane 
that includes self-contained liquid reagents to aid sample 
?oW. Dafforn et al. (US. Pat. No. 4,981,768) describes a 
device With ports for applying sample and extra liquid. Corti 
et al. (European Patent Application No. 891 18378.2), Green 
quist et al. (US. Pat. No. 4,806,312) and Berger et al. (US. 
Pat. No. 5,114,673) also describe assay devices. 

Preferably, the immunochromatographic assay means 
includes a control to indicate that the assay has proceeded 
correctly. The control can be a speci?c binding reactant at a 
spot more distal from the sample application point on the 
solid phase support than the detection zone that Will bind to 
labeled reagent in the presence or absence of analyte, thus 
indicating that the mobilizable receptor has migrated a su?i 
cient distance With the liquid sample to give a meaningful 
result. 

Suitable labels for use in immunochromatographic assays 
include enzymes, ?uorophores, chromophores, radioiso 
topes, dyes, colloidal gold, colloidal carbon, latex particles, 
and chemiluminescent agents. When a control marker is 
employed, the same or different labels may be used for the 
receptor and control marker. 
One embodiment of the present invention uses a ?oW 

through type immunoassay device. Valkirs et al. (US. Pat. 
No. 4,632,901) discloses a device comprising antibody, spe 
ci?c to an antigen analyte, bound to a porous membrane or 
?lter to Which is added a liquid sample. As the liquid ?oWs 
through the membrane, target analytes bind to the antibody. 
The addition of the sample is folloWed by the addition of a 
labeled antibody. The visual detection of the labeled antibody 
provides an indication of the presence of the target analyte in 
the sample. 

Another example of a ?oW-through device is disclosed by 
Kromer et al. (EP-A 0 229 359), Which describes a reagent 
delivery system comprising a matrix saturated With a reagent 
or components thereof dispersed in a Water soluble polymer 
for controlling the dissolution rate of the reagent for delivery 
to a reaction matrix positioned beloW the matrix. 

In migration type assays, the solid phase support, e.g., 
membrane, is impregnated With the reagents needed to per 
form the assay. An analyte detection zone is provided in 
Which labeled analyte is bound and the results of the assay are 
read. For example, see Tom et al. (US. Pat. No. 4,366,241), 
and Zuk (EP-A 0 143 574). Migration assay devices usually 
incorporate Within them reagents that have been attached to 
colored labels such as colloidal gold or carbon, thereby per 
mitting visible detection of the assay results Without addition 
of further substances. See for example, Bernstein (US. Pat. 
No. 4,770,853), May et al. (WO 88/08534), and Ching et al. 
(EP-A 0 299 428). All of these knoWn types of ?oW-through 
devices can be used according to the present invention. 

Direct labels are one example of labels that can be used in 
immunochromatographic assays according to the present 
invention. A direct label has been de?ned as an entity, Which 
in its natural state, is readily visible, either to the naked eye, or 
With the aid of an optical ?lter and/or applied stimulation, e.g. 
UV. light, to promote ?uorescence. Examples of colored 
labels that can be used according to the present invention, 
include metallic sol particles, for example, gold sol particles 
such as those described by Leuvering (US. Pat. No. 4,313, 
734); dye sol particles such as described by Gribnau et al. 
(US. Pat. No. 4,373,932) and May et al. (WO 88/08534); 
dyed latex such as described by May, supra, Snyder (EP-A 0 
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280 559 and 0 281 327); or dyes encapsulated in liposomes as 
described by Campbell et al. (US. Pat. No. 4,703,017). Other 
direct labels include a radionuclide, a ?uorescent moiety or a 
luminescent moiety. In addition to these direct labeling 
devices, indirect labels comprising enzymes can also be used 
according to the present invention. Various types of enzyme 
linked immunoassays are Well knoWn in the art, for example, 
alkaline phosphatase and horseradish peroxidase, lysozyme, 
glucose-6-phosphate dehydrogenase, lactate dehydrogenase, 
urease, these and others have been discussed in detail by Eva 
Engvall in Enzyme Immunoassay ELISA and EMIT in Meth 
ods in Enzymology, 70. 419-439, 1980 and in US. Pat. No. 
4,857,453. 

In a speci?c embodiment, the diagnostic device of the 
present invention comprises a membrane assembly having a 
detection section proximal to the point of introduction of the 
sample, and a capture section doWnstream from that position. 
The detector section contains antibodies (detector antibod 
ies), Which Will react With any analytes of the present inven 
tion that are present in the sample. The detector antibodies are 
reversibly immobilized onto the membrane and Will migrate 
With the sample, When in use. It is preferred although not 
essential, that the detector antibodies are labeled, for 
example, With a radionuclide, an enzyme, a ?uorescent moi 
ety, luminescent moiety or a colored label such as those 
described in the prior art, and discussed above. Speci?cally, 
one could employ a reactive label, so that for example, the 
antibody Would appear gold before capture of the antigen, and 
Would change to purple upon capture. 
The capture section Which, as stated, is doWnstream from 

the detector section, comprises capture antibodies, Which are 
irreversibly immobilized onto the solid support, each anti 
body immobilized at a different position in the capture sec 
tion. The antibodies and necessary reagents are immobilized 
onto the solid support using standard art recognized tech 
niques, as discussed in the ?oW-through type immunoassay 
devices discussed previously. In general, the antibodies 
absorbed onto the solid supports as a result of hydrophobic 
interactions betWeen non-polar protein substructures and 
non-polar support matrix material. 
A particular advantage of the immunochromato graphic 

assay technology of the present invention is that it overcomes 
the inability of these assays to provide quantitative data. Thus, 
the capture section can contain a mixture of immobilized 
antibodies speci?c for PAMG-l, such that a signal is only 
produced When the amount of PAMG-l in the sample exceeds 
the desired detection threshold. 

In addition, the present invention contemplates use of 
homogeneous immunoassay formats. One example of such a 
competitive homogeneous method is found in US. Pat. No. 
3,817,837 by Rubenstein and Ullman, Which describes a tech 
nique in Which ligand and enzyme-bound-ligand compete for 
antibody binding sites. Since binding of the antibody to the 
enzyme-bound-ligand alters its enzymatic activity, the con 
centration of ligand present can be estimated by measuring 
the rate at Which such a mixture converts substrate to product. 
Thus, in a homogeneous method, the detectable property of 
the label is inherently different depending on Whether bound 
or unbound. In its bound state, the label Will have greater or 
lesser signal intensity. Usually, binding of antibody to the 
labeled ligand causes a decrease in signal intensity, e. g., When 
the label is an enzyme. Typical products in this category 
include the EMIT line of enzyme immunoassays from Syva 
Company and the TDX line of ?uorescence polarization 
immunoassays from Abbott Diagnostics. A particular homo 
geneous assay could be prepared With the disposition of all of 
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the analytes on beads, in Which event the sample Would be 
introduced and the beads thereafter spun doWn and detected. 

Other examples of biological diagnostic devices that canbe 
used according to the present invention include the devices 
described by G. Grenner, P. B. Diagnostics Systems, Inc., in 
US. Pat. Nos. 4,906,439 and 4,918,025. The Grenner ’439 
device comprises a diagnostic test element and a sample 
application unit comprising a ?uid delivery element that is 
characterized as having a layer With a plurality of grooves for 
the delivery of the sample to the test element. Grenner ’025 
relates to a device that includes a sample introducing means 
such as a membrane adjacent to Which is positioned a capil 
lary containing a ?xed reagent and a Waste liquid reservoir. 
Release of the ?xed reagent from the capillary completes the 
reaction after the sample is deposited, and excess liquid is 
retained by the Waste reservoir, so that the device is self 
contained. 

While the measurement With a membrane is preferred, it is 
to be understood that other techniques and corresponding 
sensor devices may likeWise be used in similar fashion to the 
above. There are currently available several types of auto 
mated assay apparatus, Which can undertake an assay on a 
number of samples contemporaneously. These automated 
assay apparatuses include continuous/random access assay 
apparatus. Examples of such systems include OPUSTM of PB 
Diagnostic System, Inc. and the IMXTM Analyzer introduced 
by Abbott Laboratories of North Chicago, Ill. in 1988. In 
general, a sample of the test ?uid is typically provided in a 
sample cup and all the process steps including pipetting of the 
sample into the assay test element, incubation and reading of 
the signal obtained are carried out automatically. The auto 
mated assay systems generally include a series of Worksta 
tions each of Which performs one of the steps in the test 
procedure. The assay element may be transported from one 
Workstation to the next by various means such as a carousel or 
movable rack to enable the test steps to be accomplished 
sequentially. The assay elements may also include reservoirs 
for storing reagents, mixing ?uids, diluting samples, etc. The 
assay elements also include an opening to permit administra 
tion of a predetermined amount of a sample ?uid, and if 
necessary, any other required reagent to a porous member. 
The sample element may also include a WindoW to alloW a 
signal obtained as a result of the process steps, typically a 
?uorescent or a colorimetric change in the reagents present on 
the porous member to be read, such as by a means of a 
spectroscopy or ?uorimeter, Which are included Within the 
assay system. The automated assay instruments of PB Diag 
nostic Systems, Inc. are described in US. Pat. Nos. 5,051, 
237; 5,138,868; 5,141,871 and 5,147,609. 

Further classes of immunochemical analyZer systems, 
Which can be used in practicing the present invention, are the 
biosensors or optical immunosensor systems. In general an 
optical biosensor is a device that uses optical principles quan 
titatively to convert chemical or biochemical concentrations 
or activities of interest into electrical signals. These systems 
can be grouped into four major categories: re?ection tech 
niques; surface plasmon resonance; ?ber optic techniques 
and integrated optic devices. Re?ection techniques include 
ellipsometry, multiple integral re?ection spectroscopy, and 
?uorescent capillary ?ll devices. Fiber-optic techniques 
include evanescent ?eld ?uorescence, optical ?ber capillary 
tube, and ?ber optic ?uorescence sensors. Integrated optic 
devices include planer evanescent ?eld ?uorescence, input 
grading coupler immunosensor, Mach-Zehnder interferom 
eter, Hartman interferometer and difference interferometer 
sensors. Holographic detection of binding reactions is 
accomplished detecting the presence of a holographic image 
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that is generated at a predetermined image location When one 
reactant of a binding pair binds to an immobiliZed second 
reactant of the binding pair (see US. Pat. No. 5,352,582, 
issued Oct. 4, 1994 to LichtenWalter et al.). Examples of 
optical immunosensors are described in general in a revieW 
article by G. A. Robins (Advances in Biosensors), Vol. 1, pp. 
229-256, 1991. More speci?c description of these devices are 
found for example in US. Pat. Nos. 4,810,658; 4,978,503; 
and 5,186,897; R. A. Brady et al. (Phil. Trans. R. Soc. Land. 
B 316, 143-160, 1987) and G. A. Robinson et al. (in Sensors 
and Actuators, Elsevier, 1992). 
The methods and corresponding kits of the present inven 

tion are capable of incorporation and practice Within a variety 
of optical measurement systems. Speci?cally, While the kits 
and materials of the present invention may be practiced in an 
immunoassay format, such format itself is capable of embodi 
ment in a variety of optoelectronic detection systems. More 
particularly, a variety of optical immunosensor technologies 
are already knoWn that may be facilitated and implemented in 
the practice of the present invention. Thus, for example, 
devices and techniques such as re?ection techniques, surface 
plasmon resonance, ?ber optic Waveguide techniques and 
integrated optic devices, may all be adopted and speci?cally 
con?gured to detect and display the results of the examination 
of a patient’s biological sample in accordance With the 
present method. Particular re?ection techniques, such as 
re?ectometry and ellipsometry, and the speci?c use of optical 
?bers, optical Waveguides, ?uorescent capillary ?ll devices 
and integrated optical biosensors, present but a feW of the 
variant techniques and equipment that may be employed. A 
general revieW of these devices may be found in Robinson, G. 
A., Optical Immunosensors: An Overview, Advances in Bio 
sensors, Vol. 1, pp. 229-256 (1991). 
More particularly, ellipsometry relies on the direction of a 

polariZed light beam ?rst against a reference surface (a stan 
dard) and thereafter against the sample surface, folloWing 
Which a comparison of the nature and extent of the resulting 
re?ections can be made. Particularly, the binding of analyte to 
receptor molecules Will be measured as a chain the thickness 
of the surface relative to the reference surface. 

In the instance of multiple internal re?ection spectroscopy, 
for example, the ligand and its receptor may be covalently 
immobiliZed on the optical surface of a planar, fused-quartz 
Waveguide after Which a light beam may be internally 
re?ected Within the Waveguide and Would penetrate into a 
solution adjacent the Waveguide, so that refractive differences 
Would be capable of measurement as betWeen the standard 
and the sample. In this particular format, a ?uorescent label 
may be associated and measurements of ?uorescence result 
antly taken to determine the present extent of binding. 
An additional technique utiliZes the technology knoWn as 

?uorescent capillary ?ll device. In this particular technology, 
tWo glass plates held apart by a gap of capillary dimension are 
utiliZed. Receptor molecules may be immobiliZed onto the 
base plate, Which also acts as an optical Waveguide. Competi 
tive or sandWich assays utiliZing FITC labeling may be per 
formed and induced ?uorescence is coupled into the 
Waveguide With signal from bound as opposed to unbound 
sources. Such signal is discriminated by its angular diver 
gence upon exiting the Waveguide. Surface Plasmon Reso 
nance (SPR) devices have also been prepared Which operate 
in response to the coupling of light incident upon a thin metal 
?lm into surface modes associated With collective electron 
oscillations Within the metal ?lm. Resonance condition is 
dependent upon the optical characteristics of the metal ?lm, 
its thickness, the refractive indices of the dielectric on either 
side of it, and the angle of incidence of light. Receptor mol 
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ecules are bound to the top side of the metal ?lm, and the light 
is directed at the bottom side of the ?lm, such as through a 
prism substrate. The target analyte, When binding to these 
receptors, Will cause a shift in the resonance condition 
because of the change it produces in the local refractive index. 
Resonance is observed by a monitoring of the re?ected light 
intensity as the angle of incidence at the light beam on the 
metal ?lm surface varies. The change in resonance angle Will 
directly correlate With the amount of analyte bound. 

The techniques involving ?ber optic systems include the 
evanescent ?eld ?uorescence. In this instance, the cladding is 
removed from the end of an optical ?ber, thus producing a 
sensor element that evanescently interacts With the surround 
ing medium. Receptor molecules are bound to the exposed 
?ber surface, and direct assays may be performed utiliZing the 
natural ?uorescence of the receptor and conjugate proteins. 
Competitive or sandWich assays may be performed using 
FITC labeling to achieve greater sensitivity. In operation, a 
light Wave is coupled into the ?ber, and a portion of the 
evanescently produced ?uorescence is coupled back into the 
?ber and propagated back to a detector. 
A further technique utiliZing optical ?ber technology 

involves the optical ?ber capillary tube, in Which a bare ?ber 
optic is enclosed Within a cylindrical ?ll chamber, producing 
a sensor element that interacts evanescently With the portion 
of the ?ll volume immediately surrounding the ?ber. Recep 
tor molecules may be bound to the exposed ?ber surface and 
sandWich or competitive displacement assays may be per 
formed. A light Wave Would be coupled into the ?ber, and a 
portion of the evanescently induced ?uorescence Would be 
coupled back into the ?ber and propagated back to a detector. 
The signal from the target analyte versus the background 
sources is discriminated by its angular divergence upon exit 
ing the ?ber. Other ?ber optic techniques such as ?ber optic 
?uorescence may be adapted to the present invention utiliZing 
certain of the same principles enunciated above. 

Further photonic techniques such as interferometry include 
the disposition of a thin-?lm Waveguide having, for example, 
tWo paths, on the ?rst of Which receptor molecules may be 
immobiliZed While the second is shielded to provide a refer 
ence channel. Laser light, for example, may be coupled into 
the Waveguide and split doWn the tWo paths, so that changes 
in the refractive index and thickness of the covering letter may 
be detected by the result of a phase shift in the beam, that Will, 
in turn, correlate With the amount of analyte bound. A varia 
tion on this approach is identi?ed in the Hartman interferom 
eter, Where a single path multimode thin ?lm planar 
Waveguide is prepared. Receptor molecules may be immobi 
liZed on this path, and light from a laser may be coupled into 
the Waveguide so that tWo modes propagate doWn the path. 
The optics of multimode geometries are such that the higher 
order mode has a large evanescent ?eld, providing a signal 
mechanism, and the loWer order mode has practically no 
evanescent ?eld, providing a reference mechanism. Binding 
With the target analyte Will cause related changes in the 
refractive index and thickness of the covering layer over the 
path Which Will be detected by the evanescent ?eld of the 
higher order mode, causing a phase shift in that mode. As the 
loWer order or reference mode is blind to such changes, no 
phase shift Will be experienced, and the measured difference 
betWeen the signal and reference beams Will be capable of 
correlation to determine the amount of analyte bound. 

While the foregoing discussion has provided both in gen 
eral terms and some detail, various techniques available in 
optical sensor technology are adaptable to the practice of the 
present invention. It is to be understood that the above reci 
tation is by no means exhaustive or limitative, as a variety of 
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extant technologies may be adopted, that Will successfully 
measure differences in binding and, consequently, the pres 
ence and amount of the respective markers or analytes of 
interest herein. Of course, as emphasiZed above, no matter 
What technology is employed, the practice of the invention 
comprises simultaneous detection and measurement of at 
least three analytes. 

lmmunochromatographic Methods for Detecting 
PAMG-l 

Embodiments of the methods of detecting PAMG-l 
according to the present invention are described beloW. 

In one embodiment of the method, PAMG-l is detected in 
a sample through the contact of a sample containing PAMG-l 
With an immunoassay system according to the present inven 
tion to form an antibody-PAMG-l complex. The antibody 
PAMG-l complex is then detected. In one variation of this 
embodiment, the antibody includes a detectable marker, the 
step of detecting the antibody-PAMG-l complex, Which 
includes the detectable marker. 

In another embodiment of the method, PAMG-l is detected 
in a sample by putting the sample in contact With an antibody 
Which has a highly speci?c binding a?inity for PAMG-l (like 
M271, exempli?ed infra), thus forming the antibody M271 
PAMG-l complex. The complex then comes into contact With 
an immobiliZed second antibody (e.g., like M52). The second 
antibody is immunologically distinct from and not cross 
reactive to the ?rst antibody, so that such antibodies can 
simultaneously bind to the PAMG-l molecule. The immobi 
liZed antibody binds to the mobile antibody PAMG-l com 
plex to form the immobilized antibody PAMG-l antibody 
complex. PAMG-l is detected by detecting this heterotrimer 
complex. As noted above, the antibody With high speci?city 
for PAMG-l is preferably used for the initial recognition of 
PAMG-l. 
When the above-described method includes the use of one 

antibody of the selected pair labeled With a detectable marker, 
a variation of the method includes putting the sample in 
contact With the ?rst, labeled antibody prior to contact of the 
sample With the second, immobiliZed antibody. In this varia 
tion, the labeled antibody serves to bind to PAMG-l in the 
sample. Yet another embodiment of the method includes the 
folloWing steps: adding a ?uid sample containing PAMG-l to 
a mobiliZable, labeled antibody region of porous material 
Which permits migration of antibodies and proteins there 
through, the antibody region including a mobiliZable anti 
body Which has a high speci?city for PAMG-l resulting in the 
attachment of the antibody to PAMG-l to form an antibody 
PAMG-l complex; migration of the complex to the test region 
containing a second antibody immobiliZed therein, Which 
second antibody has a binding a?inity for PAMG-l resulting 
in the second antibody binding to the labeled antibody 
PAMG-l complex to form an immobiliZed complex; and 
detecting the immobiliZed complex in the test region. 

Yet another embodiment of the method, is a standard sand 
Wich as say, in Which an unlabeled antibody is immobiliZed on 
any surface. Addition of ?uid sample containing PAMG-l 
results in binding of PAMG-l by the immobiliZed antibody to 
form an antibody PAMG-l complex. Addition of labeled 
antibody results in formation of an immobilized complex 
composed of immobiliZed antibody PAMG-l-labeled anti 
body and detection of this complex. 

According to the above-described methods, the antibodies 
may include a detectable marker or label, the step of detecting 
the antibody -PAMG-l or PAMG-l- antibody complex 
including detection of the detectable marker or label. 



US 7,709,272 B2 
21 

Examples of detectable markers that can be used include 
stained particles, enzymes, dyes and radioactive isotopes. In 
a speci?c embodiment, the detectable marker is a stained 
particle of gold, e.g., having an average dimension betWeen 
about 20 nm and 30 nm. In yet another embodiment, the 
detectable marker is horseradish peroxidase. 

Exemplary Devices for Detecting PAMG-l 

A variety of devices are envisioned for detecting protein 
PAMG-l in a sample. A speci?c embodiment of the device of 
the present invention for detecting PAMG-l is described in 
FIGS. 1-2. Devices according to the present invention pref 
erably can detect PAMG-l in a sample Where the concentra 
tion of PAMG-l is betWeen about 5 ng/ml and 50 ug/ml. It is 
also preferred that the devices have a detection threshold of 
about 5-7 ng/ml. The Wider the gap is betWeen the back 
ground concentration of PAMG-l and the threshold of sensi 
tivity of the detecting device, the loWer the likelihood of false 
positive results. In this section, different possible embodi 
ments of devices according to the present invention, are 
embodied Within the device illustrated in FIGS. 1, 2. It is 
noted that this device can be designed to simply detect the 
presence of PAMG-l in a sample of vaginal secretion. 

The term “about” as used herein means Within an accept 
able error range for the particular value as determined by one 
of ordinary skill in the art, Which Will depend in part on hoW 
the value is measured or determined, i.e., the limitations of the 
measurement system. For example, “about” can mean Within 
1 or more than 1 standard deviations, per the practice in the 
art. Alternatively, “about” can mean a range of up to 20%, 
preferably up to 10%, more preferably up to 5%, and more 
preferably still up to 1% of a given value. Alternatively, par 
ticularly With respect to biological systems or processes, the 
term can mean Within an order of magnitude, preferably 
Within 5-fold, and more preferably Within 2-fold, of a value. 
Where particular values are described in the application and 
claims, unless otherWise stated the term “about” meaning 
Within an acceptable error range for the particular value 
should be assumed. 

Description of a Device of a Present Invention 

For purposes of exempli?cation, this description refers to 
monoclonal antibodies exempli?ed infra. HoWever, it is not 
necessary that these speci?c monoclonals be used. As shoWn 
in FIGS. 1 and 2, the device comprises a strip-like body 
composed of several sequentially interconnected elements. 
More speci?cally, part 12 of the device comprises a pad, 
Which contains M271 antibody region 10, in Which the M271 
antibodies are labeled, e.g., by stained particles SP (not 
shoWn in the draWings). Pad 12 may be made of a ?berglass 
tissue or any other material, Which is porous and permits the 
migration of various particles and substances of a sample. 
Stained particles may comprise gold particles having an aver 
age dimension Within the range of 20 to 30 nm. M271 anti 
body region also contains mouse IgG immunoglobulin 
labeled by the same stained particles. The labeled M271 
antibodies and mouse IgG immunoglobulin are introduced 
into the band part 10 of pad 12 by impregnating pad 12 With 
a solution of labeled M271 antibodies and labeled mouse IgG. 
The solution of M271 antibodies and mouse IgG immuno 
globulin may be introduced in nitrocellulose membrane 22 
using draWing pen or microdrop forming device. Connected 
to one end of pad 12 in its longitudinal direction are [a] 
nitrocellulose membrane 22, Which contains a test region 14 
and a control region 16. Both the test region 14 and control 
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region 16 are arranged transversely to the device over its 
entire Width. Test region 14 is a band portion of nitrocellulose 
membrane 22. Test region 14 contains M52 antibodies 
attached to nitrocellulose membrane 22. Control region 16 
contains anti-mouse anti immunoglobulin antibodies 
attached to nitrocellulose membrane 22. Control region 16 
crosses the entire Width of strip 22. A ?lter paper membrane 
24 is connected to the end of nitrocellulose membrane 22, 
Which is opposite to the end of nitrocellulose membrane 22 
connected to pad 12. A ?lter paper membrane 24 is connected 
to the end of nitrocellulose strip 22 in its longitudinal direc 
tion. The surface of the device is coated With special protec 
tive ?lms 28 and 30, e. g., thin adhesive tapes specially 
designed for strip devices.ArroWs 18 are draWn on the surface 
of ?lm 28 in order to shoW the sample application end of pad 
12. Pad 12, nitrocellulose membrane 22 and ?lter paper strip 
24 are attached to an adhesive rigid plastic base 26. 

CAPTIONS TO FIGS. 1, 2 

10iM271 antibody region; 
12ipad; 
14itest region; 
164control region; 
18iarroWs; 
22initrocellulose membrane; 
24i?lter paper membrane; 
26iadhesive rigid plastic base; 
28ipartially transparent protective ?lm With arroWs; 
30inon-transparent protective ?lm. 

Preferred Embodiment of the Device of the Present 
Invention 

In the embodiment described in this section, the device 
includes an M271 antibody pad region 10 formed of a porous 
sample application matrix that permits migration of antibod 
ies and proteins therethrough. The M271 antibody region 10 
includes the M271 antibody, Which is capable of highly spe 
ci?c binding to PAMG-l. Introduction of ?uid sample con 
taining PAMG-l into M271 antibody region results in the 
attachment of the M271 antibody to PAMG-l to form the 
antibody M271-PAMG-1 complex. The device also includes 
a test region 14 in ?uid connection With M271 antibody 
region 10 formed of a porous material Which permits migra 
tion of antibodies and proteins therethrough. Test region 14 
includes the M52 antibody immobilized in test region 14 
Which is also capable of binding to PAMG-l. The M52 anti 
body is immunologically distinct from the M271 antibody 
such that the M271 and M52 antibodies can simultaneously 
bind to PAMG-l. Introduction of a ?uid sample to the M271 
antibody region 10 results in the migration of the antibody 
M271-PAMG-1 complex into the test region 14 Where the 
antibody M271-PAMG-1 complex binds to the M52 antibody 
and is immobilized in the test region by the M52 antibody. 
The device detects PAMG-l in a sample based on the pres 
ence of the M52 antibody immobilized in test region 14. 
According to this embodiment, both antibodies are antibodies 
according to the present invention. The procedure of selection 
of the pair of antibodies described above can be reproduced 
by any one experienced in the art. As a result, only PAMG-l 
forms an antibody M271-PAMG-1-M52 antibody complex 
Which is immobilized in the test region 14. Thus, the presence 
of the M52 antibody immobilized in the test region 14 is 
indicative of the presence of PAMG-l in the sample. 

In this embodiment of the device, the M271 antibody is 
attached to a detectable marker Which is used to detect 
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PAMG-l immobilized in the test region 14. Examples of 
detectable markers that may be used include, but are not 
limited to, stained particles, enzymes, dyes, ?uorescent dyes, 
and radioactive isotopes. In one embodiment, the detectable 
marker is gold particles having an average dimension 
betWeen about 20-30 nm. In one embodiment, the M271 
antibody is a labeled antibody in a freeze-dried state. 

In a variation of the embodiment Where the M271 antibody 
in the M271 antibody pad region is labeled With a detectable 
marker, the device further includes test region, Which con 
tains the M52 antibody. The pad region and test region are in 
?uid connection. 

In yet another embodiment of the device, also embodied 
Within the device illustrated in FIGS. 1-2, the device has a 
strip-like body With proximal and distal ends. The M271 
antibody region 10 of the strip-like body is made of a material 
Which permits the migration of antibodies and proteins there 
through. The M271 antibody region 10 of the strip-like body 
includes the M271 antibody, Which has a highly speci?c 
binding a?inity for PAMG-l, introduction to the M271 anti 
body pad region of a ?uid sample containing PAMG-l, Which 
results in the attachment of the M271 antibody to PAMG-l to 
form the antibody M271 -PAMG-l complex. 

The strip-like body also includes a test region 14, Which is 
proximal to the M271 antibody region 10 and is in ?uid 
connection With the M271 antibody region 10. The test region 
14 is formed of a material Which permits migration of anti 
bodies and proteins therethrough. The test region 14 includes 
the M52 antibody immobilized in the test region 14, Which 
has a binding af?nity for PAMG-l, the introduction of the 
?uid sample to the M271 antibody region 10 resulting in the 
migration of the antibody M271 -PAMG-l complex to the test 
region 14 Where the antibody M271 -PAMG-l complex binds 
to the M52 antibody and is immobilized in test region 14 by 
the M52 antibody. The test region also includes M42 antibody 
and M52 antibody immobilized in the test region 14. The 
non-labeled M52 and M42 antibodies in combination alloW 
?ne-tuning of the sensitivity threshold of the strip device of 
the present invention (Example 11). The device detects 
PAMG-l in a sample based on the immobilization of the 
complex of labeled antibody M27l-PAMG-l in the test 
region 14. 

Control Region. The device of the invention includes one 
standard control region 16 (FIGS. 1-2). This control region 
serves to con?rm the proper operation of the device. It should 
be noted, hoWever, that any alternative control-region designs 
may also be used With the device of the present invention. 

The device With one control region includes the M271 
antibody region 10 formed of a material Whichpermits migra 
tion of antibodies and proteins therethrough, the M271 anti 
body region 10 including a labeled M271 antibody that is not 
immobilized therein and has a high speci?city for PAMG-l, 
introduction to the M271 antibody pad region 10 of a ?uid 
sample containing PAMG-l resulting in the M271 antibody 
binding to PAMG-l to form a antibody M27 1 -PAMG-l com 
plex. The device also includes a test region 14 in ?uid con 
nection With M271 antibody region 10 Which is formed of a 
material Which permits migration of antibodies and proteins 
therethrough. The test region 14 also includes the M52 anti 
body immobilized in the test region 14 Which has a binding 
a?inity for PAMG-l. The M52 antibody is immunologically 
distinct from the M271 antibody such that the M271 and M52 
antibodies can simultaneously bind to PAMG- 1. Introduction 
of the ?uid sample to the M271 antibody region 10 results in 
the migration of the antibody M27l-PAMG-l complex into 
the test region 14 Where the antibody M27l-PAMG-l com 
plex binds to the M52 antibody and is immobilized in test 
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region 14 by the M52 antibody. The device detects PAMG-l 
in a sample based on the immobilization of the labeled M271 
antibody in the test region 14. When a loW concentration of 
PAMG-l is present in the sample, at least some of the labeled 
M271 antibodies migrates from the M271 antibody region 10 
through the test region 14 to the control region 16. Anti 
mouse anti-immunoglobulin antibodies are immobilized in 
the control region 16. Anti-immunoglobulin antibodies bind 
labeled M271 antibodies that stain the control region. If a 
high concentration of PAMG-l is present in the sample, then 
only a loW quantity of labeled M271 antibodies can approach 
the control region 16 and coloration of the control region may 
be too Weak to become visible to the naked human eye. To 
prevent such a possibility, labeled mouse IgG immunoglobu 
lin Was added into M271 antibody region 10. This immuno 
globulin does not bind PAMG-l and migrates freely through 
M52 antibody test region 14 to the control region 16 Where it 
is bound by anti-mouse antiglobulin antibodies and stains 
control region 16. The control region con?rms the proper 
functioning of the device regardless of the concentration of 
PAMG-l in the sample. 

Yet another component of device of the present invention is 
a porous material that is in tight porous connection With 
material of test region. This part of device of the invention 
Works as a pump that helps to move liquids, proteins and 
antibodies therethrough. Examples of detectable markers, 
Which may be used for the labeling of mouse antibodies and 
IgG immunoglobulin include, but are not limited to stained 
particles, enzymes, dyes, and radioactive isotopes. In one 
embodiment, the detectable marker is a ?uorescent dye. In yet 
another embodiment, the detectable markers are stained par 
ticles. In one embodiment, the M271 antibody, Which is a 
labeled antibody and the labeled mouse immunoglobulin IgG 
are in a freeze-dried state. 

The materials used in the various regions of the above 
described device may be any combination of materials that 
permit the migration of antibodies and proteins therethrough. 
Examples of suitable materials include but are not limited to 
?berglass, porous plastic, nitrocellulose, and ?lter paper. 
The parts of device can be positioned in any functional 

combinations provided that in any embodiment of the device 
of this invention there is the selected pair of antibodies that 
detects a minimum background concentration of PAMG-l in 
the vaginal secretion of pregnant Women. 

The device of this patent may optionally include a protec 
tive ?lm covering at least a portion of the device. It can be 
transparent or not transparent and can have necessary trade 
mark, informational marks/signs or arroWs on its surface. 

Detecting Fetal Membrane Ruptures 

PAMG-l exists in amniotic ?uid at a concentration about at 
least 100 times greater than in the serum of pregnant Women 
and at least 3000 greater than in vaginal secretion of pregnant 
Women in the absence of fetal membranes rupture. As a result, 
even When a small amount of amniotic liquid (about 1/100 of 
one drop per 1 ml of vaginal secretion) is dissolved in a 
vaginal secretion sample, a suf?cient amount of PAMG-l is 
present in this vaginal secretion sample to indicate that fetal 
membrane rupture has taken place. Further, because of the 
loW concentration of PAMG-l in blood serum, the insigni? 
cant admixture of blood serum to the sample (IO-15%) does 
not affect the results produced by the devices and methods of 
the present invention. 
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Because the presence of amniotic ?uid in a vaginal secre 
tion is indicative of a fetal membrane rupture, the detection of 
PAMG-l in vaginal secretion can also be used to detect fetal 
membrane rupture. 

The method according to the present invention for detect 
ing PAMG-l in amniotic ?uid is highly sensitive. For 
example, concentration of 0.05 ng/ml PAMG-l can be 
detected (Examples 6, 7). Because the maximum concentra 
tion of PAMG-l in serum is about 25 ng/ml, as compared to 
a minimum concentration of about 1680 ng/m in amniotic 
?uid, and because the background concentration of PAMG-l 
in vaginal secretion is very loW, about 0.2 ng/ml, a loWer 
threshold level for PAMG-l can be used in the method of the 
present invention for detecting the occurrence of amniotic 
?uid in the vagina. By using a loWer detection threshold in the 
case of the present invention, most false results are avoided. 

The devices and methods of the present invention are 
designed to avoid producing false results through the use of a 
pair of antibodies that is highly sensitive and speci?c to 
PAMG-l . Besides, the threshold of sensitivity of the device of 
the present invention may be accurately set up at the pre 
de?ned level that is close to 5-7 ng/ml. 
As a result, the devices and methods of the present inven 

tion are not in?uenced by the presence of vaginitis or other 
variables, Which had a negative impact on the accuracy of 
prior methods for detecting fetal membrane ruptures. The 
maximum concentration of PAMG-l in in?ammation exu 
date is 3 ng/ml (Example 8, Tables 10, 11). The same con 
centration of PAMG-l may occur if blood serum admixture to 
vaginal secretion does not exceed 10-15%. In addition, a large 
ratio of concentrations serum-to-amniotic PAMG-l makes 
the devices and methods of the present invention signi?cantly 
less likely to produce false positive results due to the presence 
of blood serum in vaginal secretions, even With a loW PAMG 
1-detection threshold. As described herein, the devices and 
methods can be adapted to be used easily in a rapid and 
convenient manner, thereby making it possible for the devices 
and methods to be used in outpatient conditions. For example, 
the method can be incorporated into an easy-to-use device 
that can be operated by a patient With little or no prior expe 
rience With the device. No special timing, dilution or match 
ing of the sample concentrations prior to measurement is 
required in order to use the device. This makes the method 
and device highly reliable and not very susceptible to operator 
error. The method can also be designed to enable a simple 
yes/no determination of the presence of PAMG-l in a sample 
and the presence of amniotic ?uid in the vagina. 

The present invention provides methods and devices for 
detecting a rupture in a fetal membranes based on the pres 
ence of PAMG-l in the vaginal secretion of a pregnant 
Woman. Consequently the method of the present invention for 
detecting fetal membrane ruptures simply includes the step of 
detecting PAMG-l in the vaginal secretion the presence of 
PAMG-l in the vaginal secretion indicating the occurrence of 
a fetal membrane rupture. The key part of the present inven 
tion is step-by-step selection of the pair of antibodies detect 
ing very loW background concentration of protein PAMG-l in 
the vaginal secretion of pregnant Women. The presence of 
PAMG-l at loW concentration in vaginal secretion could be 
expected since permeability of capillary Wall for blood pro 
teins depends on the posttranslational modi?cations of pro 
teins and their interaction With other molecules (Marinaro J. 
A. et al, “O-glycosylation delays the clearance of human 
lGF-binding protein-6 from the circulation,” in European 
Journal ofEndocrinology, May 2000, Vol. 142(5), p. 512; 
Schneeberger E. E., “Proteins and vesicular transport in cap 
illary endothelium,” Fed. Proc., May 1983, Vol. 42(8), pp. 
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2419-24; Minshall R. D. et al, “Vesicle formation and traf 
?cking in endothelial cells and regulation of endothelial bar 
rier function,” Hislochem. Cell Biol. February 2002, Vol. 
117(2), pp. 105-12; Del Vecchio P. J. et al, “Endothelial 
monolayer permeability to macromolecules,” in Fed Proc 
June 1987,Vol. 46(8), pp. 2511-2515; Si?inger-Birboim A et 
al, “Selectivity of the endothelial monolayer: effects on 
increase permeability,” Microvascular Research November 
1998, Vol. 36(3), pp. 216-227; Ghinea N., Milgrom, E. A., 
“New function for the LH/CG receptor: transcytosis of hor 
mone across the endothelial barrier in target organs”, in 
Semin. Reproducl. Meal, 2001, Vol. 19(1), pp. 97-101). 
Among the PAMG-l molecules, Which underWent the post 
translational modi?cations, or established a non-covalent 
bond With another molecules, should be some Whose penetra 
tion into the vaginal secretion is minimal. The concentration 
of such molecules in the vaginal secretion should be loW. The 
loW or high penetration of different molecules is due to the 
selective permeability of the capillary Walls and selective 
secretory processes. Since it is knoWn that the presence of 
amniotic ?uid in the vaginal secretion of pregnant Women is 
indicative of a fetal membrane rupture, the detection of 
PAMG-l in the vaginal secretion can also be used to detect the 
presence of a fetal membrane rupture. Examples of methods 
and devices for detecting PAMG-l in vaginal secretion 
include the methods and device described herein in more 
detail. The methods further include the step of detecting a 
fetal membrane rupture based on the detection of PAMG-l in 
the sample of vaginal secretion are also described herein in 
more detail. 

As has been discussed above, the methods and devices 
according to the present invention for detecting fetal mem 
brane ruptures are highly speci?c, sensitive, and accurate. 
Sensitivity and accuracy are achieved by means of a Wide gap 
betWeen the loW background concentration of PAMG-l in the 
vaginal secretion of pregnant Women and a much higher 
preset threshold of sensitivity of the device of the present 
invention, the threshold in turn being loWer than the typical 
concentration of PAMG-l in vaginal secretion at the time of 
a rupture of the fetal membrane, Which creates a leakage of 
the amniotic ?uid into vagina. The accurate set up of the 
threshold is in turn achieved by using at least one or more 
additional antibodies in test region 14 against PAMG-l to set 
up precisely the prede?ned threshold of sensitivity of the 
device of the present invention (Example 9). Consequently, 
the methods and devices of the present invention are designed 
to avoid producing false negative and false positive results 
through the use of a highly speci?c pair of monoclonal anti 
bodies M271 and M52 and at least one additional antibody 
M42. As a result, the accuracy of methods and devices is not 
adversely affected by the presence of vaginal infections or 
certain other variables Which have reduced the accuracy of the 
methods of the Prior Art for detecting fetal membrane rup 
ture. The preferred device and methods of the present inven 
tion for detecting PAMG-l in the vaginal secretion of preg 
nant Women are also designed to be easy, convenient and 
quick to use, thereby making it possible to use the device of 
the present patent on an outpatient basis. For example, the 
methods can be incorporated into an easy-to-use device 
Which can be operated by a patient With little or no prior 
experience With the device. No special timing, dilution or 
matching of the sample concentrations prior to measurement 
is required in order to use the device. This makes the methods 
and device of the present invention for detecting fetal mem 
brane ruptures highly reliable and not highly susceptible to 
operator errors. The results of clinical trials of the device of 
the invention are presented in Example 10. The measurement 
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of the concentration of PAMG-1 in vaginal secretion at 
vaginitis is presented in Example 8. One can see from 
Example 8 that the maximum observed concentration of 
PAMG-1 in in?ammation exudate is close to 3 ng/ml. 
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TABLE 1-continued 

Concentration of PAMG-l (ngml) in the blood serum ofnon-pregnant 
5 WOl'H?H 

EXAMPLES N M1-M91 M271-M52 M152-M91 M392-M371 

The following examples describe in further detail the iso- 5 40 4 30 34 
. . . . . . 6 64 15 50 56 

lat1on of PAMG-1 from ammot1c ?uid, the selection of a pair 7 20 7 15 14 
of antibodies against PAMG-1, the study of the speci?city of 10 g 43 g 3 5 30 
such antibodies, and the concentration of PAMG-1 in in?am- 9 15 0 10 14 
mation exudate in vaginitis. These examples are provided to 10 40 5 20 35 
illustrate certain aspects of the present invention and they are 
not intended to limit the scope of the present invention. 

15 
Example 1 TABLE 2 

Concentration of PAMG-l (ng/ml) in the blood serum of pregnant Women 
Concentration of PAMG-1 in Blood and Amniotic (37-40 Weeks of ?estationl 

Fluid 
20 N M1-M91 M271-M52 M152-M91 M392-M371 

The PAMG-1 concentration Was measured in the blood 1 90 8 70 50 

serum of non-pregnant Women, pregnant Women (37-40 2 100 15 90 75 

Weeks of gestation), and in amniotic ?uid (39-40 Weeks of 3 £3 is 133 g; 
gestation) by ELISA using monoclonal antibody pairs gen- 5 100 12 98 90 
erated as described in Example 3. 25 6 98 14 95 80 

Antibodies M1, M271, M152 and M392, Were sorbed to 7 104 20 90 80 
polystyrene in 0.05M carbonate-bicarbonate buffer at pH 9.5 2 2i 2; 28 
for 18 hours at 6° C. (100 11.1 of antibody solution in each Well). 10 70 10 60 40 
Non-speci?c sorption to the polystyrene Was removed With a 
1% solution of bovine serum albumin (BSA) in phosphate 30 
buffer saline (PBS) at pH 7.0, 200 11.1 in each Well, incubated 
for one hour at 370 C. TABLE 3 

One hundred lJ'l OfPAMG-l antigen Was added to each Wen Concentration of PAMG-l (ng/ml) in the amniotic ?uid (39-40 Weeks 
at concentrations of 50, 25, 12, 6, 3, 15, and 0.7 ng/ml. The ofge_station). 
samples of blood serum or amniotic ?uid Were diluted in a 35 
buffer 010.01% BSA and 0.05% TWin 20 in PBS. The diluted N M1'M91 M271'M52 M152'M91 M392'M371 

samples Were added to the Wells and the Wells Were incubated 1 3,000 1,630 6,400 5,000 
for one hour at 370 C. The reaction Was developed by the 2 12,000 8,000 6,000 5,000 
solution of orthophenylenediamine in 0.05M citrate-phos- 3 10,000 6,000 7,000 6,000 

. . o 4 6,000 2,000 5,000 4,500 
phate buffer (pH 4.7), incubated for 20 minutes at 37 C. 40 5 8,000 12,000 5,800 5000 
Optical density Was read at the Wavelength 492 nm. 6 7,000 20,000 5,000 5,000 
A concentration of antibodies in the ?rst layer and a con- 7 6,000 2,000 4,000 3,000 

centration of conjugate Were sought that resulted in the stan- 8 75’000 8’000 5’000 4’700 
. . . . 9 2,000 3,000 1,440 1,500 

dard optical density curve for PAMG-1 With a maximum 10 40,000 13,000 36,000 25,000 
slope about 45 degrees (an increase by one optical unit cor- 45 
responds to an increase of PAMG-1 concentration in the 
sample of 1 ng/ml), the upper limit (for the PAMG-1 concen 
tration 50 ng/ml) of 1.5 optical units and Zero concentration Example 2 
point not to exceed 0.1 optical units. The samples for inves 
tigation (sera, amniotic ?uid, vaginal and cervical secretion) 50 Isolation of PAMG-1 
Were froZen at —400 C. Each sample Was tested three times. 

selra Wqe diluted to 1/5 of. the Original concentratlop' Amlm D. Petrunin proposed the modi?ed method of isolation of 
ot1c ?u1d samples were diluted to 1/2000 of the onginal con- . . 

- - - PAMG-1 in 1980 (Petrumn, D. D., KoZlyaeva, G. A., Tatar 
centrat1on. If the sample had an optical density above 1.5 _ _ _ 
units, the Sample Was diluted further and retested 55 1nov, Yu. S., Shevchenko, O. P., Bulletin of Experimental 

The data obtained are summariZed beloW in Tables 1-3. Biology and Medicine’ NO 5’ P' 558’ 1980 (in Russian» The 
steps of the scheme are outlined in Table 4 beloW. 

TABLE 1 
TABLE 4 

Concentration ofPAMG-l (ngml) in the blood serum ofnon-pregnant 60 
Women ?pw 

N M1-M91 M271-M52 M152-M91 M392-M371 Steps oflsolation Purity % Yield % 

1 20 0 15 12 Amniotic ?uid 16-25 Weeks pregnancy 4 100 
2 20 0 15 13 Precipitation by 0.5% lanthanum chloride 25 90 
3 60 5 50 46 65 Precipitation by ammonium sulphate at 50% 35 70 
4 50 7 48 50 saturation 
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TABLE 4-continued 

Steps ofisolation ofPAMG-I 

Steps of Isolation Purity % Yield % 

Precipitation by lithium sulphate at 60% saturation 60 60 
Reverse Phase Chromatography Separation 90 30 

PAMG-1 Was separated from the amniotic ?uid at 16 to 25 
Weeks of gestation. The ?uid Was obtained from Women 
Whose pregnancy Was terminated due to medical consider 
ations. We added 10% solution of lanthanum chloride at the 
volumetric ratio 20:1 (so that its ?nal concentration Was 
0.5%) to the amniotic ?uid and kept at 40 C. for 18 hours. 
Precipitate formed and Was separated by centrifugation at 
8,000 rpm for 30 min. We dissolved the precipitate in the 
saturated solution of NaZHPO4 and separated the precipitate 
of insoluble lanthanum salts produced in the process by cen 
trifugation at 8,000 rpm for 30 min. We fractionated the 
resulting solution With 50% saturated ammonium sulphate by 
incubating at 40 C. for 18 hours and dissolved the resulting 
precipitate in the distilled Water in such a Way as to restore in 
both cases the volume of the dissolved precipitation fractions 
to the initial volume of the amniotic ?uid. Then We precipi 
tated the solution by 60%-saturated lithium sulphate and dis 
solved the precipitate in a small amount of distilled Water. 
After dialysis, We adsorbed the admixtures With calcium 
pyrophosphate by adding an equal volume of moisture ab sor 
bent to the protein solution, intermixing and incubating for 
10-15 min., and separated the absorbent by centrifugation. 

Example 3 

Production of the Stable Hybrid Lines of Present 
Invention 

Hybridoma Experiment 1. Lymphocytes from popliteal 
lymph nodes of 5 BALB/ c mice Were used. Mice Were immu 
nized by ?ve injections of PAMG-1 in foot pads. Each inj ec 
tion consisted of 100 pg of PAMG-1 and Freund’s Complete 
Adjuvant in a 1:1 ratio. After the cell fusion, the cells Were 
seeded in 1152 Wells. Total of 363 primary hybridomas Were 
tested, 38 of them Were PAMG- 1 -positive. Then the speci?c 
ity of monoclonal antibodies Was tested by studying their 
cross-reactive binding of proteinsialpha-2-microglobulin 
of fertility, human chorionic gonadotropin, trophoblastic 
beta-l-glycoprotein, human placental lactogen, alpha-feto 
protein, and human serum albumin. Fourteen primary hybri 
domas Were selected Whose monoclonal antibodies Were not 
cross-reactive to other proteins. Then a method of limiting 
dilutions Was used to clone tWice the primary PAMG-l-spe 
ci?c hybridomas. Finally, ?ve clones Were selected that Were 
apparently the mo st stable and productive producers of mono 
clonal antibodies M1, M38, M42, M52, M91. 

Hybridoma Experiment 2. Lymphocytes from the spleen of 
5 mice Were used. Mice Were immunized ?ve times by intra 
peritoneal injection of 100 pg of PAMG-1. Each injection 
consisted of PAMG-1 and Freund’s Complete Adjuvant in a 
1:1 ratio. 1344 Wells Were used and 562 hybridomas Were 
tested. Of these, 45 turned out PAMG-1 -positive, and 19 Were 
not cross-reactive to the other proteins, e. g. PAMG-l-spe 
ci?c. Not cross-reactive hybridomas Were cloned tWice and 6 
clones that proved to be most stable and intensive producers 
ofmonoclonal antibodies M122, M152, M211, M271, M371 
and M392 Were selected for further use. 
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Therefore, 11 monoclonal antibodies Were created to 

PAMG-1 and then the pair of these antibodies Was selected 
that detected a minimum background concentration of 
PAMG-1 in the vaginal secretion of pregnant Women, as 
described in Example 4. 

Speci?c Cell Lines According to the Present Invention 
Antibodies M271 and M52 are produced by hybridoma 

cell lines M271 and M52 respectively. Cell lines producing 
the monoclonal antibodies referred to herein as M271 and 
M52, and additionally M42, produce monoclonal antibodies 
used to set up and adjust a threshold of sensitivity of the 
device as described beloW. 

Table 5 reports the results for production of hybridomas 
from tWo trials. 

TABLE 5 

1st 2nd 
Total hybridoma hybridoma 

Wells, total 2496 1152 1344 
Number of primary hybridomas 925 363 562 
Number of hybridomas producing 83 38 45 
PAMG-I — positive monoclonal antibodies 

Number of hybridomas producing 33 14 19 
PAMG-I — speci?c monoclonal antibodies 

Number of stable hybridoma lines 11 5 6 
producing monoclonal antibodies, chosen 
for further studies 

Example 4 

Selection of the Pair of the Monoclonal Antibodies 
Detecting a Minimum Concentration of PAMG-1 in 

Vaginal Secretion of Pregnant Women 

PAMG-1 at a concentration of 1 ug/ml in 0.05M carbonate 
bicarbonate buffer, pH 9.5, Was sorbed to polystyrene plates 
by incubation for 18 hours at 40 C. The antibodies listed in 
Table 6 beloW Were added to the Wells in serial dilutions 
starting from 3 mg/ ml. The plates Were then incubated for one 
hour at 370 C. An antibody conjugate of rabbit anti-mouse 
anti-IgG antibodies labeled by horseradish peroxidase Was 
added to the Wells. The reaction Was developed by the solu 
tion of orthophenylenediamine in 0.05M citrate-phosphate 
buffer (pH 4.7), incubated for 20 minutes at 370 C. The 
monoclonal antibody titer Was quantitated. 

TABLE 6 

A?'lnity of binding of PAMG-I at concentration 1 ugml by 
monoclonal antibodies of the present invention. 

Titre at 1 ug/ml 
concentration of 

MAb PAMG-l 

M1 1;900,000 
M42 1;1,000,000 
M52 1;1,000,000 
M91 1;1,000,000 
M122 1;2,000,000 
M152 1;1,000,000 
M392 1;1,000,000 
M371 1;400,000 
M271 15,000,000 
M38 1;50,000 
M211 1;50,000 

Concentrations of monoclonal antibodies shoWn in Table 6 
are the minimum concentrations at Which the antibodies bind 
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PAMG-l, provided concentration of PAMG-l in the solution 
is 1 ug/ml. The lower the concentration is, the higher an 
antibody’s ability to detect minimal concentrations of 
PAMG-l. Monoclonal antibodies M271 and M52 were cho 
sen to develop a high sensitivity ELISA for PAMG-l. 
The monoclonal antibody M271 did not show cross-reac 

tivity in ELISA with the following individual proteins of the 
amniotic ?uid: fertility alpha-2-microglobulin; human chori 
onic gonadotropin; human placental lactogen; trophoblastic 
beta-l-glycoprotein; alpha fetoprotein; human serum albu 
min. 

In addition to that, in the experiments with columns M271 
antibodies were ?xed on the sepharose and the non-diluted 
amniotic ?uid was passed through the column. An eluate 
obtained from the columns after electrophoresis has shown 
one band corresponding to a molecular mass that matched the 
molecular mass of PAMG-l (28-30 kDa). The highly speci?c 
monoclonal antibody M271 was placed in the pad of the 
lateral ?ow strip device of the present invention. 

In contrast to the antibody M271, the antibody M52 was 
cross-reactive in ELISA with IGFBP-3 protein that is abun 
dant in serum and amniotic ?uid. The concentration of the 
non-glycosilated IGFBP-3 measured in the vaginal secretion 
was about 600 ng/ml (Example 9). In the experiments with 
strip device of present invention IGFBP-3 at this concentra 
tion did not inhibit recognition of PAMG-l taken at concen 
tration 5 ng/ml. 

Example 5 

High-Sensitivity ELISA Test for Placental 
0t 1 -Microglobulin 

PAMG-l could not be detected in vaginal secretion using 
standard ELISA and the M271-M52 antibody pair. To permit 
detection, the sensitivity of the ELISA was increased by 
decreasing the concentration of PAMG-l required for detec 
tion to 0.05 ng/ml. 
A sandwich immunoassay system with antibodies M271 

M52, which demonstrated sensitivity 50 picogram per milli 
liter (0.05 ng/ml), was developed: 

1st layer: monoclonal antibodies M271, concentration 6 
ug/ml, in the carbonate-bicarbonate buffer, pH 9.5. 

2nd layer: PAMG-l, concentrations 3200, 1600, 800, 400, 
200, 100, 50 pg/ml, and cervical and vaginal secretions 
diluted to 1/2 concentration, on the buffer with pH:7.0. 

3rd layer: conjugate M52 on the buffer at dilution 1/1000. 
The increase in sensitivity was obtained by varying the 1st 

and 3rd layers. In contrast to the high-sensitivity system, in 
the regular system with sensitivity 1 ng/ml the 1st layer was 
formed with concentration of M271 of 10 to 20 ug/ml, and 
dilution of the conjugate (M52 labeled with horseradish per 
oxidase) was 1/40,000. 
A standard calibration curve was obtained. It is shown in 

Table 7 below, where PAMG-l concentration is given in 
picogram per milliliter (pg/ml) and optical density of 
observed coloration E at wavelength 450 nm is in standard 
non-dimensional units. 

TABLE 7 

Calibration Curve ofHigh Sensitivity ELISA. 

PAMG-l 3200 1600 800 400 200 100 50 0 
pgml 
E450 nrn 2.000 1.725 1.432 1.130 0.851 0.600 0.304 0.051 
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Example 6 

PAMG-l in the Vaginal Secretions of Pregnant 
Women 

TABLE 8 

Concentration of PAMG-l (ng/ml) in the vaginal secretion of pregnant 

women. Measurements are conducted using different pairs of monoclonal 

antibodies against PAMG-l (29-41 Weeks of gestation). 

Weeks of 

N gestation M1-M91 M271-M52 M152-M91 M392-M371 

1 29 25 0.15 5 6 

2 34 50 0.1 10 8 

3 37-38 70 0.22 30 15 

4 37-38 60 0.06 25 10 

5 33-34 30 0.05 13 5 

6 29-30 45 0.05 13 5 

7 33 50 0.16 14 10 

8 30 60 0.09 15 12 

9 39-40 84 0.21 28 18 

10 35-36 90 0.13 30 19 

11 38-39 90 0.13 30 20 

12 38 65 0.15 25 15 

13 31 95 0.35 45 30 

14 39 44 0.05 10 5 

15 29-30 80 0.2 28 12 

16 40-41 58 0.078 24 10 

17 37 90 0.15 40 30 

18 29-30 70 0.4 15 12 

19 29 65 0.64 15 12 

20 30 80 0.1 22 20 

Following the measurement of the minimum concentra 
tions, each antibody was labeled with horse radish peroxi 
dase. In the ELISA test, non-labeled antibodies at a concen 

tration of 10 ug/ml were introduced in the wells of the plates. 
Then, PAMG-l at concentrations of 50, 100, 200, 400, 800, 
1600, 3200 pg/ml were introduced for a second layer on the 
plastic. At last, the conjugate of one of the other antibodies 
was introduced into each well of the plate. The following 
antibodies that work in pairs were selected (shown here as 
antibody-conjugate): M1-M91; M271-M52; M152-M91; 
M392-M371. 

These pairs of antibodies were used to measure PAMG-l 

concentration in the vaginal secretion of pregnant women. 
Finally, the pair M271-M52 antibodies was picked, for which 
the measured concentration of PAMG-l in the vaginal secre 
tion was the lowest. The concentration of PAMG-l for the 
M271-M52 pair was measured using highly sensitive ELISA. 
The selected pair M271-M52 and a few other pairs were used 
to measure the concentration of PAMG-l in the amniotic ?uid 

and in the blood serum of non-pregnant and pregnant women 
(Example 1, supra). 


















