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Summary

To establish normal parameters, we have measured 14 pro-
teins in 120 amniotic fluid samples from normal second frimester
pregnancies. Pregnancy-associated macroglobulin (PAM), iden-
tified in 15 samples, has served to indicate contamination with
maternal blood; this represents the first time that PAM has been
used for this purpose. Albumin, transferrin, a-1-antitrypsin,
orosomucoid, IgG, and C3 show great variability in individual
conceritrations but are. generally in proportion to each other,
particularly. transferrin/albumin, a-1-antitrypsin/albumin, and
IgG/albumin. The first two ratios are similar to proportions in
adult serum, supporting the concept that most amniotic fluid
protein is maternal in origin and moves directly across the
amnionic membrane. Levels of low density lipoproteine, C4,
IgA, IgM, a-2-macroglobulin, and haptoglobin, all low in
amniotic fluid, vary independently both of albumin and of each
other. a-1-Fetoprotein levels are normal in all samples, suggest-
ing freedom from gross fetal blood contamination. In the
presence of maternal blood contamination, 10 of the 15 samples
show clear elevation of at least one protein level; C3, IgA, and
a-2-macroglobulin are most frequently abnormal. .

Similar- protein analyses have also been carried out on 11
samples from pregnancies with anencephaly, 5 with spina bifida,

* To whom requests for reprints should be addressed at: Rheumatic
Disease Laboratory, Maine Medical Center, Portland, Maine 04102
(USA).

and 3 with fetal demise. Results have been compared with
normal and blood-contaminated samples. Most protein concen-

" trations are either high normal or abnormally elevated with
- anencephaly and fetal demise but not with spina bifida. Of all

proteins studied, low density lipoprotein is most reliably ele-
vated with neural tube defects and demise and is least affected
by blood contamination. IgM and a-2-macroglobulin are also
elevated in a significant percentage of uncontaminated samples.
Increased IgA and haptoglobin levels correlate with blood
contamination but not with neural tube defects. Low density

- lipoprotein, IgM, and a-2-macroglobulin may be useful adjuncts

in the second trimester prenatal diagnosis of neural tube defects.

Speculation

Well defined normal ranges for second trimester amniotic
fluid proteins are a prerequisite for applying such measurements
to diagnosing fetal dysfunction and understanding transamniotic
interactions between mother and fetus. In defining such param-
eters, the present study first re-enforces the necessity to identify
blood contamination and then establishes low density lipopro-
tein, IgM, and a-2-macroglobulin measurements as potentially
useful ancillary studies for the prenatal diagnosis of neural tube
defects. Similar testing on samples associated with omphalocele,
congenital nephrosis, esophageal atresia, and other major fetal
malformations must be carried out to determine whether these
measurements may be of further help in second trimester
differential diagnosis. ’ ;
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Since Brock's discovery of the association between fetal neural
tube defects (NTD) and increased amniotic fluid alpha l-feto-
‘protein (AFP) levels (6,7), there has been renewed interest in
the possible use of other amniotic fluid protein measurements
for prenatal diagnosis (2,4,5,9,11,13,16,18,26,21,23,28,29,30) .
When elevated AFP levels are found in second trimester amniotic
fluid, major fetal malformations are nearly certain to be
present, the majority of these being NTD (at least in Great
Britain and the United States) (10,19,25). False positive AFP
measurements are reported to occur at the rate of 6.1%, once
samples contaminated with fetal blood have been excluded (22).
Defects such as congenital nephrosis, omphalocele, and esopha-
geal atresia may also give rise to increased AFP levels in am-
niotic fluid. Analysis of other amniotic fluid proteins rep-
resents part of the search for additional diagnostic techni-
ques to distinguish.between these various problems.

Ultrasound techniques, already widely used as an adjunct to
amniocentesis, can detect anencephaly with little difficulty
(3). Amniography, currently used on a more limited basis, also
can detect anencephaly but until recently has shown little
promise of delineating other AFP-related lesions (12). Macri
and Weiss {(31) have now documented the first actual visualiza-
" tion of meningomyelocele by amniography, and it is likely that
this technique will find increasing application in the near
future. Using a different approach, Gosden and Brock have re-
cently reported on the use of amniotic fluid macrophage
analysis to distinguish between NTD, omphalocele, and normal
fetuses (17). Once confirmed, this will represent still
another adjunctive technique to apply to AFP-positive second
trimester amniotic f£fluid. Several preliminary reports have
indicated that other amniotic fluid proteins (besides AFP) may
be elevated during the second trimester in the presence of an
NTD (4,5,20), suggesting that such testing may also be an aid
to more accurate and .reliable diagnosis of fetal malformations.

Unlike AFP, which is specifically manufactured by the fetus,
most other amniotic fluid proteins are found both in maternal
and fetal circulations (14,15). Hence, to be of diagnostic
significance, such proteins must be characterized not only by
their concentrations, but also by their maternal and fetal
contributions. Already, several major amniotic fluid proteins
have been shown to be largely of maternal origin, thus dimming
prospects of their diagnostic value' (21,28,29).
complication, amniotic fluid samples are sometimes contaminated
with maternal blood, distorting measurements and making them
less reliable (4). Also, some amniotic fluid protein concen-
trations vary with gestational age (29).

We attempt, in this paper, first to define normal ranges for 12
amniotic fluid proteins during the second trimester identify-
ing maternal blood contamination by measuring pregnancy-asso-
ciated macroglobulin (PAM) (1), a protein ordinarily found only
in maternal serum and not previously used for this purpose.
AFP has also been measured in all samples; in this case to ex-~
clude gross fetal blood contamination. Next, we examine amni-
otic fluid samples obtained from second trimester pregnancies
known ‘to be affected with neural tube defects and fetal demise.
These measurements are then compared with the normal and blood-
contaminated samples as a first step towards learning whether
such measurements may be helpful in the differential diagnosis
of in utero congenital malformations.

MATERIALS AND METHODS

Amniotic Fluid Samples - These were frozen after collection and
were from pregnancies whose subsequent outcome was known. Ges-
tational dating was calculated from the last menstrual period
(LMP) and was, in'most cases, confirmed by ultrasound and/or
delivery date. Sample identity was by coded numbers, and in-
formed consent was obtained in each case. A total of 124
specimens, from between 14 and 22 weeks gestation, were analy-
zed. Before testing, each sample was centrifuged at 2,508 rpm
for 15 minutes.

Assay of Proteins - Analyses were carried out in the Technicon
Automated Immunoprecipitin System (26), using antisera.from At-
lantic Antibodies, Inc. (Westbrook, Maine). Antisera were di-
luted individually in 4% polyethylene glycol for each experi-
ment and were then put through a millipore filter. Antigen
controls were prepared from a serum pool whose protein values
were known, and a 5 point standard curve, prepared from a re-
ference material, was run each day for every protein. Controls
were inserted after every twelfth sample. Most samples were
tested undiluted, but dilutions as high as 1:32 were required
occasionally when antigen concentrations or blanks were high.
For a given sample, all 12 proteins were analyzed on the same
day.

Prior to each set of measurements, diluted antiserum was pumped
_through the analyzer for several minutes to establish a base-
_line. A setting of 588 FSR was used for all blank determina-

tions using amniotic fluid at a flow rate of @.1 ml/min. Anti-
body dilutions varied with potency. For actual measurements,
amniotic fluid was sampled at a rate of 0.03 to 6.1 ml/min. In
this system, amniotic fluid protein concentrations could be
measured with confidence at between 0.2 and 3.4 mg/l, depending
upon the protein being studied.

AFP and PAM were assayed by the Laurell Technique (24). AFP
values were derived from the WHO standard, and representative
samples were compared with other laboratories for accuracy.
PAM values were standardized against a pregnancy serum pool
whose levels were quantitated in the laboratories of Dr. W.H.
Stimpson (Biochemistry Department, University  of Strathclyde,
Glasgow, Scotland) and Dr. C.H.W. Horne (Department of Patho-
logy, University Medical Buildings, Foresterhill Aberdeen,
Scotland). For both of these antigens, a 1.2% agarose gel was
employed, with antiserum concentrations adjusted to give sharp
peaks in the range desired, approximately 1.25% and 0.8% re-
spectively. :

Results - All of the 120 normal amniotic fluid samples have AFP
Tevels within the normal range, while 15 show measurable levels
of PAM and are considered contaminated with maternal blood.

As a further
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The 105 samples with undetectable PAM levels have been assayed
to determine the "normal* ranges for 12 proteins. Figure 1
shows the actual distribution of concentrations within normal
range for each of the 12 proteins, most demonstrating consider-
ably more variability than their serum counterparts. Albumin,
for example, ranges between 338 to 6490 mg/l. For several of
the proteins studied, a number of values fall below the limits
of assay sensitivity, and accurate depictions of their distri-
butions are not possible except at the upper end of their con-
centration ranges.

Table 1 contains mean values and standard deviations for the 12
proteins, They are arranged according to their concentrations
compared with a normal serum adult pool. In amniotic fluid,
albumin has the highest relative concentration and haptoglobin
the lowest. The first 6 all show lower mean concentrations for
14-17 weeks than for 18-22 weeks gestation; from the second
group of 6 proteins, only IgA shows a similar trend. Concen-
trations of several amniotic fluid proteins vary proportionally
from sample to sample, particularly when related to amniotic
fluid albumin levels. Ratios of those amniotic fluid proteins
to albumin have been individually calculated and summarized in
the table. Ratios are most consistent for transferrin, alpha
l-antitrypsin and 1IgG. For comparison, Table 1 also lists
ratios in an adult normal serum pool for transferrin/albumin,
alpha 1l-antitrypsin/albumin, orosomucoid/albumin, 1gG/albumin
and C3/albumin. Transferrin/albumin and alpha l-antitrypsin/-
albumin are nearly superimposible in adult serum and amniotic
fluid. Fetal serum ratios are included for transferrin/al-
bumin, alpha l-antitrypsin/albumin and IgG/albumin, based on
Gitlin's data (14,15). Of the three, alpha l-antitrypsin's
ratio to albumin is the most similar between fetal serum, amni-
otic fluid and maternal serum. None of the lower 6 proteins
listed in Table 1 shows any tendency to vary either in propor-
tion to albumin or to each other, and so no ratios are included
for them. Albumin and alpha-fetoprotein concentrations have
been compared in amniotic fluid samples for each of the weeks
under study to determine whether a direct or inverse relation-
ship exists. The two proteins have been found to vary randomly
and independently.

The 15 amniotic fluid samples with measurable levels of PAM
have been analyzed separately on the assumption that they are
contaminated with maternal blood. Table 2 lists values indivi-
dually for all 15 PAM positive samples. Of those, 1@ have one
or more protein values higher than the normal range, while 5
cannot be distinguished from normal. Levels of C3 and IgA are
most consistently elevated (7 each) followed by alpha 2-macro-
globulin with 6 and IgM with 5, alpha l-antitrypsin and IgG (4
each), albumin, transferrin, orosomucoid and haptoglobin (3
each), 2 for C4 and 1 for low-density lipoprotein.

Table 3 gives pertinent ratios for those same 15 PAM positive
samples. Only 7 of these samples can be described as abnormal
from this table, and C3/albumin and IgG/albumin with 5 and 4
elevated values respectively are the most reliable indicators.
No sample can be identified as abnormal by a ratio when all
protein concentrations are within the normal range., Converse-
ly, in 3 samples, individual protein values are abnormally
elevated without ratios being disturbed.

Individual protein values are listed in Table 4 for each of the
11 seécond trimester amniotic fluid samples from anencephalic
pregnancies, arranged according to ascending.order of albumin
concentrations. All samples with possible maternal blood con-~
tamination have been excluded from this part of the study by
testing for PAM. In these samples the lowest albumin value is
at approximately the normal mean, and 4 samples have abnormally
high albumin concentrations. Elevations of several other pro-
teins, including transferrin, alpha l-antitrypsin, orosomucoid,
IgG, C3, and C4, are limited to these same 4 samples. In con-
trast, elevated concentrations of low density lipoprotein, IgM
and alpha 2-macroglobulin bear no relationship to the others.
Low density lipoprotein is increased in 9 of the 11 samples,
IgM in 6, and alpha 2-macroglobulin in 5. All 3 of these pro-
teins are elevated in 3 samples, 2 of .them are elevated in 5
samples and only 1 of these proteins is increased in one sam-
ple. Normal concentrations for all 3 proteins are present only
in 2 of the 11 cases. Conversely, IgA and haptoglobin are nor-
mal in all 11 samples.

Similar analyses performed on 5 spina bifida pregnancies are
listed in Table S. For these, albumin values begin well below
the normal mean, and all are well within the normal range. The
remaining proteins follow a similar pattern, with the exception
of low density lipoprotein (3 elevated values), alpha 2-macro-
globulin (2 elevated values), and IgM (1 elevation). 1In one of
these five cases all three proteins are within normal limits.

Regults from 3 amniotic fluid samples associated with second
trimester fetal .demise are recorded in Table 6. These are
shown in spite of the fact that all 3 are discolored and tur-
bid, making analysis difficult..Pregnancy-associated macroglob-
ulin (PAM) is present in sample B. Albumin, transferrin, alpha
l-antitrypsin, IgG and C3 concentrations vary from the upper
part of the normal range to abnormally high. Of the total ab-
normal results, most are found in sample C. Low density lipo-
protein, however, is elevated in all 3 samples, C3 and IgM in
2, and alpha 2-macroglobulin in 1. Consistently low values are
present for orosomucoid, C4, IgA, and haptoglobin.

Discussion - Assays of the 12 proteins used to establish normal
parameters in this study have been carried out by a nephelomet-
ric technigue. Sensitivity of this method is equivalent to,
and in some cases greater than, the Laurell electroimmunoassay.
Nephelometry is more sensitive than radial immunodiffusion, the
method most often used in published studies of amniotic fluid
proteins. For six of the proteins analyzed here, the entire
normal range is measurable, but for the remainder, a signifi-
cant number of samples has values below assay detection. More
sensitive methods must be applied to these before they can be
fully examined. Those proteins which can be satisfactorily
measured have a wide range of normal. 1In this respect, normal
amniotic fluid differs from other body fluid compartments.



Maternal blood contamination has been identified in 12% of our
samples by testing for a pregnancy-associated macroglobulin,
found in maternal but not in fetal serum; a percentage in
reasonable agreement with published figures from'other series
(4). Since this marker has not been used previously, and since
information on the original characteristics of the samples is
not available, it has not been possible to correlate PAM levels
and the actual degree of contamination. Most PAM positive sam-
ples have higher than normal protein values, showing sufficient
distortion of concentrations that meaningful interpretatigns
cannot be made except for fetally derived proteins such as AFP.
For evaluating possible maternal blood contamination in samples
received after centrifugation, PAM should prove a more reliable
indicator than hemoglobin A whose presence depends upon hemoly-
sis. A number of our PAM positive samples have elevated alpha
2-macroglobulin concentrations, an important consideration when
that protein is being tested along with AFP in neural tube
defect detection (4).

Most amniotic fluid proteins appear to be of maternal origin,
and their passage across the amnion is governed by molecular
gize and configuration (28,29). Disagreement exists as to the
reason for amniotic membrane selectivity (3). While not resol-
ving that question, the present study does add information on
relative protein proportions on the two sides of the membrane.
On the amniotic fluid side, several, including transferrin,
alpha l-antitrypsin, orosomucoid, IgG and C3 vary in direct
proportion to the amniotic fluid albumin concentration, sug-
gesting that all are similarly requlated. Two of them, trans-
ferrin and alpha l-antitrypsin, have ratios to albumin in amni-
otic fluid nearly identical to respective ratios in the adult
serum, indicating even greater similarity in transmembrane
movement.

Low density lipoprotein, C4, IgA, IgM, alpha 2-macroglobulin
and haptoglobin all exist in unfavorable proportion to their
serum counterparts; and none of them shows any tendency to vary
proportionally with amniotic fluid albumin levels. This lack
of correlation might be due to poor assay precision in the
lower part of their normal ranges. These proteins might be
expected to increase most noticeably with maternal blood
contamination but, in fact, they do not.

Fetal blood contamination is known to occur only occasionally
(approximately 1 in 188 samples). All samples in this study
have normal AFP levels, making gross contamination with fetal
serum unlikely. AFP is analogous to PAM in that it is specific
to one circulatory system. It cannot be used prospectively as
an indicator of fetal blood, however, since the prime purpose
for its analysis is to 1link increased levels to neural tube
defects. In fact, fetal bleeding must be carefully excluded
when interpreting AFP levels to avoid false positive results.
Analysis of hemoglobin F, although helpful at times, is not
reliable due to its dependence on hemolysis for identifica-
tion. For diagnostic purposes it is desirable to have an un-
centrifuged sample, so that red blood cells may be assessed
quantitatively and for type of hemoglobin. Such samples were
not available for the present study.

Because alpha-fetoprotein's structure is so similar to that of
albumin (27), it would be reasonable to assume that both are
handled similarly by the amniotic membrane (3). Since amniotic
fluid AFP is fetal in origin and amniotic fluid albumin is ma-
ternally derived, concentrations of the two in amniotic fluid
might possibly be reciprocally related as an expression of
their equilibration across a bidirectional membrane. Attempts
to demonstrate such a relationship in this study have been un-
successful. .

When compared with maternal blood-contaminated (PAM+) amniotic
fluid samples, values from anencephalic (PAM-) pregnancies have
a number of similarities but several important differences.
Albumin, transferrin, alpha 1l-antitrypsin, orosomucoid, IgG,
and C3 follow similar patterns for both groups, although C3 is
sometimes abnormally high in the PAM+ samples even when the
rest are normal. C4 is out of the normal range only once in
each group, while alpha 2-macroglobulin and IgM are abnormally
high is a significant proportion from both groups. Thrée pro-
teins behave discordantly in the two sample groups. IgA, ele-
vated in half of the PAM+ normal samples, is always normal in
the anencephalic group. Haptoglobin ranges from high-normal to
elevated in the blood-contaminated specimens but is always low-
normal with anencephaly. Low density lipoprotein, normal in
all but one of the PAM+ samples, is abnormal in 9 of the 11
specimens from anencephalic pregnancies.

With the exception of a few shared parameters, amniotic fluid
results from meningomyelocele pregnancies are different from
both of the preceding groups. The overall pattern of protein
concentrations is lower, with abnormal values found only for
low density lipoprotein (3/5), alpha 2-macroglobulin (2/5), and
IgM (1/5). These 3 proteins are also consistently abnormal in
anencephalic pregnancies; the latter 2 being frequently elevat-
ed also with maternal blood-contamination. The spina bifida
samples, like those from anencephalic pregnancies, have low-
normal IgA and haptoglobin values in contrast to those con-
taminated with maternal blood.

Due to their turbidity and discoloration, the fetal demise
samples may be identified by inspection. Most protein con-
centrations in these samples are either high normal or actually
elevated. Like samples from anencephaly, low density lipopro-
tein, IgM, and alpha 2-macroglobulin all are elevated, while
C4, IgA and haptoglobin are consistently low.

Higa et al (20) have studied total protein and 28 individual
proteins in 8 samples from cases of anencephaly (31-42 weeks
gestation) and 5 from fetal demise (28-39 weeks gestation).
His report observes that total protein, IgM, IgA, and IgG (as
well as AFP) appear to be useful in diagnosing anencephaly and
intrauterine fetal death. Our own results support IgM as being
elevated in the majority of anencephalic cases; IgG only when
associated with total protein increases; and IgA not at all.
Discrepancies may be explained by the different stages of ges-
tation at which the two studies have been carried out.

Measurement of albumin, IgA, Ig9G, IgM, AFP, and alpha 2-macro-
globulin have been carried out by Cantuaria and Jones {9). on 2
meningomyelocele and 9 control amniotic fluid samples obtained
during the second trimester. In this study, only IgM eleva-
tions are associated with meningomyelocele, a finding at least
partially consistent with the present report. It is not sur-
prising that he has not found alpha 2-macroglobulin in his an-
alyses, since the technigue of radial immunodiffusion would not
be expected to. be sensitive enough to measure the usual amnio-
tic fluid concentration of that protein.

In another study, Brock (4), using a "rocket"™ technique, has
demonstrated consistently elevated alpha 2-macroglobulin values
in 33 pregnancies associated with spina bifida or anencephaly
from between 8 and 42 weeks gestation. Analyses of beta lipo-
protein and IgM have been carried out as part of the same
study, yielding the conclusion that they, too, are elevated in
the presence of NTD. Brock emphasizes the possible distortion
of results by maternal blood-contamination.

* This problem of amniotic fluid sample contamination by maternal
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blood is critical, since no observations can be made confident-
ly on protein concentrations until that possibility has been
taken into account. Information on original sample character-
istics is often either unavailable or unreliable, and it is
this fact which has led us to make use of pregnancy-associated
macroglobulin to help identify maternal blood-contamination.
The present study also suggests that any second trimester am-
niotic fluid sample having increased amounts of IgA or hapto-
globin should be suspect as blood-contaminated, since neither
NTD nor fetal demise samples show these abnormalities.

Low density lipoprotein appears to be the most diagnostically
useful amniotic fluid protein for the second trimester diagno-
sis of NTD and fetal demise excluding, or course, AFP. It is
normal in most blood-contaminated samples, an observation for
which we have no ready explanation. IgM and alpha 2-macro-
globulin are also diagnostically useful, after exclusion of
blood-contamination. Although neither is elevated in NTD cases
as often as low density lipoprotein, measurement of all 3 pro-
teins may be useful in an amniotic fluid sample with an eleva-
ted AFP value. Other amniotic fluid proteins measured in this
study may be helpful in understanding the amniotic fluid dyna-
mics both of normal and abnormal pregnancies but do not appear
useful for pre-natal diagnosis of neural tube defects.
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Figure 1. The range of normal values for each of 12 amiotic fluid
proteins tested in 105 samples obtained between 14 and

22 weeks gestation. In each graph the vertical axis is
numbered to represent total samples where values fall
within a given concentration range on the horizontal axis.

TABLE 1

NORMAL DATA FOR I2 AMNIOTIC FLUID PROTEINS

14-17 wk 18-22 wk 14-22 wk Ratio to Albumin* Ratio of Serum In Fetal Serum
Mean s1SD Mean:1SD  Mean#SD  in Amiotic Flui Proteins to Serum at 16 wk
(mg/1) (mg/1) e/l s X 10 2 10%) (s vaten S 08

Albunin 24731261 2864:1283 __ 2665:1277

Transferrin 166.6:98.3  212.5:115.3  188.5:109.1 7118 75 3%

d-Antitrypsin _ 161.3:78.7 __ 200.8:85.5  180.1:84.3 69:16 66 80

Orosamicoid 28.7:19.2 33.2:19.6 30.9+19.5 12:5 25

Immunoglobulin G _237.7{120 288.7:147.9  262,0:136.3 98224 275 40

Complement C3 10.7:120 15.1:8.5 12.8:8.3 5:2 3

1DL Protein 9.1:6.7 7.215.2 8.2:6.1 NA N

Camplement C4 1.7:1.5 2.3:2.0 2.0:1.8 NA NA

Inmunoglobulin A 5.7:5.1 10.7+11.1 8.1:8.9 NA NA

Immunoglobulin M 3.1:3.1 2.6:2.3 2.8:2.7 NA NA

o2-Macroglobulin 2.4:2.2 2.4:3.5 2.4:3;0 NA NA

Haptoglobin - .99:2.7 .92:1.9 .96:2.3 NA NA

* Represents means of individual calculated ratios for 105 samples tested, using mean values for 14 -~ 22 weeks,

** Based on values from a nomal adult, non-pregnancy pool.

*%ok  Based on data from Gitlin.
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TABLE 2

PAM POSITIVE AMNIOTIC FLUID SAMPLES FROM 15 NORMAL PREGNANCIES 14 - 22 WEEXS GESTATION
. (ALL VALUES IN MG/L) .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Albunin 1880 1570 3060 960 1860  6160* 4650 3420 4480 9450*% 3490 3620 3560 10,560* 2910
Transferrin_ 139 148 144 4] 110 397 354 243 TO0%  1240% %T'_ZE_fﬁ_'m
al-Antitrypsin 120 114 122 57 132 268 435% 222 T70* 766% 235 238 312 1210% 254
Orosomucoid 21 20 32 17 14 74 52 51 190* 157#% 0 13 64 160* 47
Immunoglobulin G 324 416 418 139 187  1190* 519 414 866* 864% 288 407 278 1360* 239
C3 29 49% 37 8.2 17 28 39%  38% 55% 70% A 7.6 30 107% 1
1LDL Protein 13 23 15 5 9 1€ 15 31* 9 20 4 S 7 20 2
5.4 5.3 5.4 1.0 5.0 4.4 5.4 5.0 5.6 22% 4.6 7 2.8 157* 4.
1lobulin A 43% 43* 43* 1 15 73* 4% 4.2 0* 8.6 7.6 7 10 154*1 1
Immunoglobulin M 15% 52 7. 1. 9.0 2. 7.8 2% 1.4 35% 2.2 3.2 1.6 15.5* 5.
a2-Macroglobulin _30.8% 65.9% 18* 10. 23.4*% 1. 18¥ 49.8% 3.9 5.9 5. 10.3 2.8 10.8__ 6.
Haptoglobin 6.0 17.1* 3. 2. 2.5 5.0 4.5 58.8% 22.8% 1. 5.2 4.0 24 6.7
*  >3SD ABOVE THE MEAN
TABLE 3
AMNIOTIC FLUID PROTEIN RATIOS FOR PAM POSITIVE IN THE 15 NORMAL PREGNANCIES
(ALL VALUES X 10)
1 2 3 4 S [ 7 8 9 10 11 12 13 14 5
TF/ALB 5 [ 48 72 58 84 71 112 124% 75 7L 78 107 34
“oIAT/ALB 64 7 39 59 71 14 93 65 171% L 67 66 88 114 7
OROSO/ALB 1 1 10 18 2 11 15 42% 7 14 4 18 15 16
IGG/ALB 170% 260*% 140 150 100 190* 110 120 190% 0 80 110 80 130 80
C3/ALB 15% 32% 12% 8 9 S 8 11* 12* 7 7 2 8 10 6
* >3SD ABOVE THE MEAN
ABBREVIATIONS:
TF = Transferrin
olAT = ol-Antitrypsin
OROSO = Qrosamcoid
ALB = Albumin
TABLE 4
AMNIOTIC FLUID PROTEIN LEVELS IN 11 CASES QF ANENCEPHALY DURING THE SBCOND TRIMESTER
(ALL VALUES IN MG/L)
1 2 3 4 5 6 7 8 9 10 11
Albumin 2530 2800 3670 4410 4540 4650 4850 6380* 6920% 7050* T180*
Transferrin 193 149 188 292 320 188 323 33 270 262 497%
al-Antitrypsin 276 266 335 396 300 357 255 426* 493% 191 622*
Orosamucoid 39 22 67 28 49.2 48 27 51 27.6 48.6 117*
Immunoglobulin G 404 266 331 436 502 470 489 696* 238 289 664*
Complement C3 24 12 24 24 15 26 26 30 71.2* 268 44*
Low Density Lipoprotein 40* 52% 38* 40* 10.9 o0+ 54* 15.2 62.4% 54.8% 76*
Complement C4 2 2 4 4 0 o 2 4.0 7.6% 2.4 2
Immunoglobulin A 8 12 8 6 0.8 12 -] 0 0 [s] 0
Immunoglobulin M 28* 16* 22% 14* 6.4 30% 20% 4.8 6.4 2.8 12
o2-Macroglobulin 0 36* 6 18% 7 44% 10 7.4 97% 10 68*
Haptoglobin 0 0 ] 0 1.1 [ o o 0.4 0 [1]
Pregnancy-associated Macroglobulin not present in any of the 11 samples.
* = 00th percentile by '"best fit' analysis.
TABLE 5
AMNIOTIC FLUID PROTEIN LEVELS IN 5 CASES OF SPINA BIFIDA DURING THE SEOOND TRIMESTER
1 2 3 4 ) 5
Albumin 2210 2680 1030 3670 2100
Transferrin 138 161 112 180 183
al-Antitrypsin 168 168 - 117 208 185
Orosomucoid 22 20 28 42 ~ 32
IgG 213 146 92 46 278
Cc3 8 8 10 ) 17 17
1DL 52% 2 22 40% T2
o] 2 V] 0.4 2.4 3
IgA i 14 1 5 8 9
IgM 22 5 1.6*% 5 12%
o2-Macroglobin 10 1.2 16* 12% 6
Haptoglobin (1] )] 0 0.4 0.2

Pregnancy-associated macroglobulin not present in any of the 5 samples,
* = >99th percentile by "best fit" analysis,
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AMNIOTIC FLUID PROTEIN CONCENTRATIONS IN 3 CASES OF FETAL DEMISE
(ALL VALUES IN MG/L)

TABLE 6

A B Cc
Albumin 3590 5170 8120%
Transferrin 290 350 S44*
al-Antitrypsin 246 404 474%
Orosomucoid 10.4 9.6 25,6
Immunoglobulin G 246 456 914%
Complement C3 10 40+ 60%
Low Density Lipoprotein 60* 80* 170%
Complement C4 0 0 0
Imunoglobulin A 0 0 0
Inmunoglobulin M 0 30* 50*
a 2-Macroglobulin 0 40% 10
Haptoglobin 0 0 0o

* = 99th percentile by 'best fit" analysis,
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