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ABSTRACT. Perinatal transmission of human immuno-
deficiency virus (HIV) from infected mothers to their chil-
dren oceurs at rates reported as 20-50%. The role of breast
feeding in perinatal transmission of viral infections has not
been well established. We studied 34 milk and colostral
samples obtained from HIV-seropositive and HIV-sero-
negative women to determine if they contained anti-HIV
activity., We found that all the samyles contained a factor
that inhibited the binding of HIY epitope-specific MAb to
recombinant CD4 receptor molecules. The titers of inhibi-
tory activity ranged from 1:200 to 1:10 000 and did not
differ between HIV-seropositive and HIV-sceronegative
mothers. This milk factor also inhibited the binding of
gpi20 to CD4. Neither human sera nor bovine milk exhib-
ited appreciable inhibitory activity. Fractionation of hurman
milk indicated that the inhibitory activity was confined (o
the macromolecular fraction; little activity was found in
isolated milk lipids or oligosaccharides. Chromatographic
procedures indicated that the active macromolecule has an
isoelectric point of 9.3-9.6. The active material did not
hind to concanavalin A; however, the activity was partially
destroved by chemical and enzymatic treatments that re-
moved sulfated residues. The active material may thus be
a sulfated protein, glycoprotein, mucin, or glycosaminogly-
can that inhibits the binding of CD4 to HIV envelope
glycoproteins, The role of this factor in the natural history
of HIV infection in infants and children should be the
subject of additional investigations. (Pedigfr Res 31: 22~
28, 1992)

Abbreviations

HIV, human immunodeficiency virus
a4., aqucous solution

DEAE, diethylaminoethyl

PAS, periodic acid Schiff reagent
sIgA, secretory IgA

Infants born to mothers infected with HIV are al high risk for
HIV infection. The reported rates of vertical transmission from
HIV-infected mothers range from 20 to 509% (1-5). A better
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understanding of the factors that inflluence disease transmission
is essential to development of strategies to prevent AIDS trans-
mission from HIV-infected mothers to their children,

Breast feeding is known to affect the transmission of viral
infections from mother to child, Human milk contains a number
of Tg¢ and non-lg faciors that can inhibit the replication of
pathogenic microbial agents (6-9). Conversely, human milk can
contain viruses, such as cytomegalovirus and human T-cel! leu-
kemia virus, that can initiate neonatal infection (10-12); indeed,
anecdotal reports have described the isolation of HIV from breast
milk and the apparent infection of infants feeding on the milk
of mothers who recently had sero-converted (13-15). The possi-
ble association between breast feeding and HIV transmission
poses a medical dilemina, because breast-fed infants generally
display lower rates of other infections than do infants fed bovine
milk-based formula (16-20). The dilemma 1s particularly acute
in the case of infants living in the less developed countrics,
because numerous studies have documented increased rates of
infant mortality when bovine milk formula is substituted for
human milk as the principal source of ngonatal nutrition (21—
24). An improved understanding of factors in human milk that
may modulate HIV infection might lead to the reassessment of
the potential risks and benefits of breast feeding in populations
with higher rates of maternal HI'V infection.

Milk may modulate infection in neonates through several
mechanisms, In addition to specific Iz and cell-mediated immune
responses, human milk containg macromolecules that inhibit the
binding of pathogenic agents to their host receptors. Such pro-
leclive activity has been atiributed to milk glycolipids (25) and
oligosaccharides (26-28). The existence of analogous inhibitors
of virus-receptor interactions could be of particular importance
in the case of HIV infection, in light of the antigenic variation
of neutralizing epitopes on the viral envelope and the rclative
conscrvation of the sites involved in receptor interactions (29—
3y

The CD4 molecule is the major receptor for HIV binding to
T-helper lymphocyies and, possibly, to other cells that support
HIV replication (32-34). Because the viral envelope is heavily
elycosylated, it 18 likely that glycosyl groups on the envelope are
important determinants of viral-cellular interactions, and that
exogenous glycoconjugales can modulate HI1V interaction with
its receptor (35-40). The CD4 receptor molecule has been exten-
sively characterized by mcans of its reactions with HIV envelope
glycoprotein (gpl20) and with MAD that bind at specific CD4
epitopes (31, 41, 42), including the gp |20 binding site.

We used a solid-phase assay systern to demonstrate thal whole
human milk inhibits the interaction of CD4 with MADb that bind
at or near the site of HIV attachment and inhibits the binding of
recontbinant gpl20 to CD4. We then purilied milk samples,
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identified the active fraction by means of the same assay tech-
nique, and partially characterized the active material.

MATERIALS AND METHODS

Reagenys. Purified recombinant CP4, cloned and expressed in
Chingse hamster ovary cells, was kindly provided by Dr. R.
Sweet, Smith Kline and French, King of Prussia, PA. Recombi-
nant HIV envelope glycoprotein (gp120), cloned and expressed
in baculovirns, was obtained from Smith Kline Biclabs, Van
Nuys, CA. The methods used for the preparation and punificalion
of these materials have been described (43, 44). OKT4A MAD
were purchased from Ortho Diagnostic Systems, Raritan, NJ.
OKT4B, OKT4D, OKT4E, and OK'T4F MAb werc provided by
Dr. Patricia Rao, RW Johnson Pharmaceutical Research Inst-
tute, Raritan, NJ. MT131 antibody was provided by Dr. Albert
Luderer, Boehringer Mannheim Diagnostics, Indianapolis, [N.
The 110-1 MAb to HIV gpl20 was obtained from Dr. Kaihleen
Shriver, Genetics Systems Corporation, Seattle, WA, The prop-
erties of these antibodies have been described (34, 45). Peroxi-
dase-labeled goat anti-murine IgG and anti-murine IgM were
purchased from Zymed I.aboratories, South San Francisco, CA,
Substituted dextrans and cnzymes were obtained from Sigma
Chemical Company, St. Louis, MO; other reagents were obtained
from Fisher Scientific, Pitisburgh, PA, unless otherwise indi-
cated.

Millc and Serum Samples. Milk samples from heaithy, HIV-
seronegative mothers were obtaimned from the Central Massachu-
setts Regional Milk Bank, The Medical Center of Central Mas-
sachusetts, Worcester, MA, and samples represented a broad
spectrum of human milk with regard to the stage of lactation,
age of the mother, and parity, Serial samples during an 80-d
period were obtained from a healthy castern Massachusetts La
Leche League volunleer. Maryland samples were collected from
healthy women who recently had delivered chaldren at the Johns
Hopkins Hospital in Baltimore. Milk samples also were obtained
within 1 wk postpartum from HIV-seropositive and HIV-scro-
negative mothers living in Cite Soleil, Haiti. Protocols and con-
sent forms used during milk collection were approved by the
Human Studies Commuliees of the respeciive parent inslitutions.
All milk samples were stored at —70°C. Fresh, unprocessed
bovine milk samples, obtained from cows from Maryland and
Massachusetts, were immediately frozen and tesied without ad-
ditional processing. Pasteurized bovine milk was obtained com-
mercially.

Serum samples were obtained from 23 HIV-seropositive and
HIV-seronegative individuals residing in the Baltimore arca.

CD4 Binding Assays. Recombinant CD4 was diluted to 0.25
mg/L in 60 mmel/1. carbonate buller, pH 9.6, and immobilized
on wells of polyvinyl microtiter plates by incubation at 4°C. for
14 h. Unbound CD4 was cleared from the wells in an automated
washer {Skatron Microwash I; Skatron, Inc., Sterling, VA}) by
five washes with PBST (10 mmol/L phosphate builer, pH 7.4,
in 1530 mmol/L NaCl containing 5 g/L Tween 20).

A 100-p1. aliquot of the milk or milk fraction was incubated
with an equal volume of OKT4A diluted 1:4000 in PBST. After
incubation for 1 h at 37°C, 50-pL aliquots were added to dupli-
cate or triplicate wells coated with CD4 and an equal number of
wells coated with buffer alone. After incubation for an additional
2 h at 37°C, the wells were washed live times with PBST. The
amount of bound MAb was quantified by reaction with peroxi-
dase-labeled goat anti-mouse IgG and, after another washing
step, by reaction with H.O--¢g-phenylene diamine. The amount
of color generated by the enzyme-substrate reaction was moeas-
ured in a microplate colorimeter at 405 nm. For cach dilution
of milk or of a milk [raction, a specilic hinding activity was
calculated by subtracting the QD pgenerated in the huffer-coated
control well from that generated in the CD4-coated well. The
spectiic nding activity was represented as a percentage accord-
ing to the following formula:

(1 — SAL/SAL) x 100

where SA,, 1s the sp acl of the milk fraction, and SA,, 15 the mean
sp act of buffer control samples measured in the same microtiter
plate. The inhibitory activity of the whole milk samples was
caleulated by testing the milk at several loge-fold dilutions and
interpolating to the concentration that resulted in 50% inhibition
of OKT4A-CD4 hinding; this activity was cxpressed as 50%
minimum inhibitory concentration.

In other experiments, CO4-reactive MAD were substituted for
OKT4A. The OKT4B, OKT4D, OKT4E, OKT4F, and MTI51
antibodies were diluted 1:4000, 1:2000, 1:400, 1:400, and 1:2000,
respectively, and used as described above for OKT4A. These
dilutions were selected to yield OD equivalent 1o that vielded by
OKT4A in the absence ol added 1nhibitor. OKT4RB, which 1s an
IgM-class antibody {34), was quantified by reaction with perox-
idase-labeled anti-murine 1gM, and the other MAD were meas-
ured by reaction with peroxidase-labeled anti-murine {gG. The
percentage inhibition was calculated as for OKT4A.

Additional assays were performed in which gp120 and mono-
clonal anti-gpl120 antibody were substituted for the anti-CD4
antibodies. After dilution to 4 concentration of 4 mg/L, gp120
was incubated with an equal volume of milk fractions for 20
min at roon temperature. The mixlure was translerred to nucro-
tiler wells coated with CD4 or buffer, as described above, and
ncubated lor 1 h at 37°C. After washing, the amount of gp120
bound to the CD4 was guantified by reaction with 110-1 MAD
antibody to gp120 and anti-murine IgG. The percentage inhibi-
uon was calculaled as described above for the OK'T4A assay
system.

Purification of Hwman Milk Fractions. HTuwnan nulk oligosae-
charide fractions. Previously frozen pooled human midk (1 L)
was centrifuged al 4°C at 3000 < g for | h. The cream was
removed, and the skimmed milk filtered through glass wool. The
filtrate was mixed with an equal amount of ice-cold acetone,
stirred overnight at 4°C, and centrifuged at 3000 % g for 45 min
{46). The clear supernatant was reduced (o approximately 0.2 L
by rotary cvaporation, and the resullant aqueous solution was
applied to a 1-L charcoal-Cehite column (charcoal: Norit deco-
lorizing carbon and Celite 545; Fisher Scientific). After exhaus-
tive washing with distilled water and 0.86 mol/L cthanol (ag.),
the oligosaccharide fraction was cluted from the column with
8.6 mol/T. ethanol (aq.). The eluate was passed through anion
exchange resin AG 1-X2 (formate) (BioRad. Richmond, CA) to
yield the neutral oligosaccharide fraction. The acidic oligosac-
charides were cluted from the resin with 1 mol/L formic acid
(27). This procedure vielded approximately 6 g ol neutral fraction
and 18 mg of acidic oligosaccharide.

Fhuman wilk lipid fractions. Milk was cxtracted with 20 vol-
umes of chloroform/methanol (2:1), filtered, and dried. The lipid
was then partiioned between hexane and 15 mol/L agueous
ethanol. FEA were removed from the hexane fraction by washing
with methanolic ammonia, and the fatty acids were recovered
by acidifying the methanol and extracting the prolonated fatty
acids with hexane., The ethanoel fraction was subjeciled to Folch
partition; the upper phase hpids were 1solaled on a reversed-
phase column and then separated on DEAE Sepharose {Phar-
macia, Uppsala, Sweden) into the neutral glycolipids and the
anionic glycolipids (the ganglioside [raction) (47). The Folch
lower phase lipids were separated on a Unisil silicic acid column
(Clarkson Chemical, Williamsport, PA) into the residual non-
polar lipid fraction, the lower phase glycolipid [raction, and the
phospholipid fraction (48).

Human milk protein fractions. Protein {or macromolecular)
[ractions were prepared as outlined in Figure 1: cream was
separated from the milk by centrifugation at 3000 X g for 1 h al
4°C and remaved by filtration through glass wool, The resulling
skimmed milk was passed through a (L435-pm filter; the filtraie
and retentate were passed separately through a 10 000-D culoft
ultrafilier, and ihe reientaies were washed three times with
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Fig. 1. Milk protein [ractionation. A pooled milk sample from HIV-scroncgative women was centrifuged to remove the cream. The skimimed
milk was clarificd through a 0.43-xm filter, Both the filtrate and retentate were subjected to diafiltration with a 10 Q00D cuatoff ultrafilter; the
retentates were passed through a concanavalin A lectin affinity column. All fractions were subjected to the CD4 inhibitory activity assay. The
dilution vielding 5(3% inhibition is depicted under the double vertical fines. The values under the single vertical lines (all < 1:20) indicale the absence
of inhibitory activity in the low molecular weight (<2100 000-D) poriions of each [raction.

distilled waler (dialiltration). Fach of the retentates was then
lyophilized and weighed.

Scven hundred and fifty mg of cach of these protein fractions
was purified through a 0.04-L concanavalin A-sepharosc affinity
column. The column was washed with 0.2 L of PBS (10 mmol/
L NaH,PQ,, 100 mmol/L NaCl, pH 7.0} 0.2 L of buffered 1
mol/L NaCl; and 0.2 L of a solution containing 1 mol/E methyt
glucoside, 1 mol/L methyl mannoside, and 1 mol/1. NaCl, pH
7.0. All fractions were subjected to diafiltration using a 100 000-
D membranc {Amiicon, Danvers, MA) followed by dialysis and
lyophilization.

Chromarographic Separations. The protein fraction with the
highest activity was further purified through a Sephadex G-200
SF molecular sieving column, A total of 288 mg of sample,
dissolved in running buffer (L0 mmol/L Tris, 100 mmol/L NaCl,
250 mmol/L EDTA), was applied to a column with a void
volume of (.75 L, and the material was chromatographed at a
{low rate of 0.04 I./h. Three major peaks, one of which was the
void volume, and several minor peaks appeared when the ab-
sorbance of the column effluent was measured at 280 nm.,

The active protein fraction was also analyzed by means of ion
exchange chromatography. A l-mL aliquot was dissolved in
bufter, pH 7.4, and the sample was apphed to a 2-mL column
of DEAE-Sephacryl. Fractions were eluted by means of a siep-
wise gradient of increasing concentrations of Na(Cl, pH 7.4. The
resulting eluates were tested for activity by the CD4-OKT44
imhibilion assay.

Isoeteciric Focusing. The proiein [raction of another 0.15-L
sample of pooled human milk was prepared as above: the cream
was removed by cenirifugation, and the macromolecular (pro-
tein) fraction was isolated from the skimmed milk by diafiltration
through a 10 000-D ultrafilter. This protein fraction was sepa-
rated by high-resolution preparative isoclectric focusing in a
Rotofor apparatus (BioRad). The protein fraction was made [0
£/L. with ampholytes (pH 3-10}in 0.05 L disulled water and was
resolved at 16 W for 4 h. The 20 resulting fractions cach
represented isoelectric points of between 3 and 10, After dialysis
and lyophilization, these fractions also were tested for their ability
to inhibit CI>4 binding,

PAGE. The 20 fractions described above from the Rotofor
apparatus were reduced and denatured in the presence of SDS,
and the components were resolved by electrophoresis through a
4-12% polyvacrylamide gel slab in a discontinuous gradient (49).
The resolved bands were visualized with silver stain (New Eng-

land Nuclear, Boston, MA), and the carbohydrate-containing
material was detected with PAS (50).

Free Soluble CD4 Levels. We performed assays to determine
levels of free CD4 in the milk samples. The OKT4B IgM MADL
was diluted 1:800 and bound to the wells of the microtiter plate
overnight at 4°C. After the wells were washed, the milk samples
were added and incubated for 1 h at 37°C. The amounts of CD4
were determined by subsequent reactions with the OKT4A 1gG
MAD, peroxidase-labeled anti-mwurine IgG, and cnzyme sub-
strale, as described above. A sef of standards consisting of known
concentrations of recombinant CD4 was run in each assay.

Enzymatic Trearments. Aliguots of the active macromolecular
fractions, which had been passed through a 0.45-pm filter and
purified by ultrafiltration and dialysis as outlined above, were
subjected to enzvmatic digestion. The equivalent of 1 mL of
milk (6.7 mg of macromolecular fraction) was dissolved in 1 mL
of buffer containing 50 ug gentamicin sulfate and incubated with
enzyme for 50 h. Digestion with neuraminidase rom Vibrio
cholera (0.03 U; Calbiochem, La Jolla, CA} was in water con-
taining 1 mmol/L CaCl,. Digestion with sulfatasc from Parella
vilgata (limpet) was in 0.05 mol/L acetate buffer, pH 5.0, at a
concentration of 0.5 g (5000 U)/L. One unil of sulfatase from
Aerobacter aerogenes was buffered with 0.05 mol/L Tris, pH 7.5.
Sulfatase from abalone entrails was used at a concentration of
10000 U/L of 0.05 mol/L acctate buffer. Each digested sample
was tesled for €4 binding inhibition. For each enzymaltic
digestion, a blank sample containing only buffer and enzyme
was tested to assess the effcet of residual cnzyvmatic activity on
CD4-0KT4A binding.

Chemical Treaiments. The chemical stability of the active
milk factor was tested. Aliquots were subjected to 80°C distilled
deionized water for 3 h, methanol at ambient temperature for
24 h {with and without 60 mmol/L ammonium acetate), or
reductive alkylation [3 mg protein in | mL Tris buller (I mol/
L. pH 7.3), 10 g/L SDS] with 450 xg DTT at 37°C for 4 h
followed by 5 mg iodoacctamide at 37°C for 2 h. After dialvsis
and lyophilization, these fractions were lesied for changes in
CD4 binding inhibition.

RESULTS

All of the milk samples oblained from women living in Mas-
sachusetts, Maryland, and Haitz inhibited binding of C1D4 {o the
OKT4A MAD (Fig. 2). The geometric mean titer of inhibitory
activity was 111610 (95% confidence intervals, 1:1160-1:2220).
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Fig. 2. CD4 inhibitory activity of individual human milk and sera
specimens. Milk samples were from women living in Massachusetts and
Cite Soleil, Haiti; sera were from HIV-seropositive and HlY-seronegative
adults living in Baltimore, Marvland. Blocking activity was mcasured in
the CD4-OKT4A inhibilion assav. The bex indicatcs that 14 TIIV-
positive samples had inhibition titers = 1;20.
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Fig. 3. CIM4 inhibitory activity of serial milk samples oblained [rom
an TIV-scronegative woman. Samples obtained on d 281-360 postges-
tation were stored at —70°C until assayed for CI24-0KT4A inhibition.
Total protein was measured by the method of Lowry.

No significant differences in the levels of inhibitory aclivity were
measurcd among ihe different populations (51).

Similarly, senal samples oblained from a Massachusetts
woman whose lactation was mature and well established dis-
played consistent inhibitory activity over an 80-d peniod, with
titers ranging from 1:700 to 1:3000, despite variation in the level
of total protein {Fig. 3).

In contrast to the universal presence of high levels of inhibitory
activity in human milk, levels of inhibitory activity in sera were
1:20 or lower (Fig. 2). Similarly, inhibilory activity was not
detected in raw or pasleurized bovine milk preparations. We
found that dexiran sulfate displayed inhibitory activity in this
assay system at concentrations as low as 1 mg/L. Inhibitory
activity was not found with diethylamino-dextran or unsubsti-
tuted dextrans at concentrations as high as 100 mg/L (Fig. 4).

To identify the active component of human milk, we lested
the inhibitory activity of isolated oligosaccharide, lipid, and
protein fractions (Fig. 4). No inhibitory activity was found in the
oligosaccharide fractions, and only low levels were lound in the
lipid fractions. However, the protein fractions (containing all
macromolecules including mucing and glyvcosaminoglycans) dis-
played high titers of inhibitory activity. Most of the activily was
retained by a 0.45-um filter, although measurable activity was
found in the fltrale.

When this mixture of milk macromelecules was [urther frac-
tionated by mcans of ultrafiltration and concanavalin A affinity
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Fig. 4. {D4-0K1'4A inhibitory activity of milk fractions. Pooled
human milk was fractionated as outlined in Maierials and Methods and
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Fig. 5. lsoclectric focusing of human milk macromolecules. Pooled
human milk protein was separated inio 20 sublraclions by preparative
isoelectric focusing at 16 W for 4-5 h using a Rotofor apparatus. Lach
fraction was tested for total protein, using a commercially available assay
(BioRad), and for CI34 inhibitory activity.

chromatography (Fig. 13, the highest activily in both the filtrate
and retentate subfractions of 0.45-um filtration was associated
with the initial column eluate. Little of the active material
specifically bound to concanavalin A.

The most active macromolecular fraction was applied 10 a
Sephadex G200 SF molecular sieving column. The CD4-0KT4A
inhibitory activity was lound largely in the void volume, indicat-
ing that the active material has a molecular weight above 250 000
D under the native conditions usced for the chromatography. Ton
cxchange chromatography performed with DEAE-Sephacryl in-
dicated that most ol the activity eluted between (.2 and 0.3 mol/
L NaCl {aq.) (data not shown).

The pooled milk protein fraction was separated by preparative
isoelectric focusing into 20 subfractions, which differed by their
isoclectric points. Most ol the CD4 inhibitory activity was found
in fractions whose constituents had isoclectric points ranging
from 9.3 to 9.6 (Fig. 5). The bulk of the milk protein fraction,
however, migrated 1o sublractions which were substantially more
acidic. Thus, the sp act of the active fractions was 300-fold
greater than that of the original milk protein preparation.

When thesc 20 subfractions were resolved by PAGE (Fig. 6),
four major bands seemed to characterize the two most active
fractions (lancs 18 and 19 from the left). The three bands with
the highest apparent molecular weights stained positively for
carbolivdrate by PAS, At the top of the gel, the faint bands by
silver stain were more strongly slained with PAS and showed
two diffuse bands similar to those produced by the human nulk
mugcins associated with the milk fat globule membrane.

The active fraction of the concanavalin A column separation
was also characlerized by means of chzymatic digestion. As
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Fig. 6. PAGL of fractions scparated by isoclectric focusing, A 100-ug
aliguot of cach of the 20 fractions from isoclectric focusing (Fig, 3) was
applied to a 4-12% gradient polvacrylamide slab and resolved by elec-
trophoresis. Ouly 50 gz of matenial was available for lang 1R {from the
lefi) and, in place of fraction &, molecular weight markers were run to
include 200, 116, 97, 66, and 45 kD. Lanes 18 and 19 contained most
of the CD4 blocking activity; the top three bands appear 1o be specific
1o these {ractions. A fourth, more diftfuse band seen at the top of lanes
18 and 19 is consistent with published reports on the clectrophoretic
behavior of milk mucins, PAS stained the diffuse band as well as the op
two major bands of these lanes, indicating that these are glyvcosylated.
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Fig. 7. Effect of enzymatic and chemical treatments on CD4 inhit -
tory activity. Pooled human mulk macromolecular [ractions were digested
with sulfatases or neuraminidase or trealed with methanol, heat, or
reductive alkylation, followed by the assay for CD4 blocking activily.
Values represent mean + 1 SD of the percentage of inhihition.

depicted in Figure 7, the activity was not affected by treatment
with neuraminidase rom V. cholerce. However, treatment with
sulfalase from 4. aerogenes resulted in a substantial reduction of
OKTA4A-CD4 inhibitory activity. Treatment with sulfatase from
P. vileata (limpet) caused a less striking decrease of inhibitory
activity, and sulfatase from abalone entrails caused no apprecia-
ble change in activity. These enzymes did not by themselves
affect CD4-OK'T4A binding.

The inhibitory activity of the active fraction was greatly re-
duced by treatment with methanol, methanolic-11CIL, or with
methanol buffercd with ammonium acetate, Reductive alkyla-
tion also resulted in an appreciable loss of activity, Heatung in
water at 80°C for 3 h, in contrast, reduced inhibitory activity
only shightly.

Other MAb whose epitopes are lound within the H1V binding
site of the CD4 molecule were used to test the CD4 binding
inhibition by the macromolecular fraction. As shown in Iigure
&, the binding of CD4 to OKT4D, QOKT4E, and MTI15] MADL
was inhibited to the same extent as the binding o OKT4A had
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Fig. 8 Comparizon of the ability of MAb and epl120 1o detect CT4
blocking activity of the active human milk facior. Human milk protein
fraction was diluted 1:100 in PBS, pH 7.4, and its effect on the binding
of CD4 to HIV-1 gpl20 and the indicated MAb was measured. Valucs
represent mean + 1 8D percenlage of inhibition.

been. Binding to the OKT4B MADb was inhibited to a somewhat
lesser extent. (OKT4 and OKT4F MAb did not display repro-
ducible binding to CD4 in our assay svstem.) The active fraction
inhibited the binding of CD4 to a recombinant HIV envelope
protein as well; bound envelope protein was detected by means
of a MAb directed at a gpl120 epitope localed outside of the CD4
binding domain.

Assays to determing the level of free soluble CD4 in the breast
milk samples indicated that none of the tested milks or active
milk fractions contained detectable levels of free CD4 above the
detection limnit of 1 ng/mL. Any ligand-bound CID4 would not
be detected in this assay, but bound CD4 in milk is less Jikely to
competitively inhibit binding to the CD4 immobilized on a solid
phase assay. Thus, CI24 in milk does not seem to be responsible
for the CD4 blocking activity of human milk.

Studies of CD4 binding inhibition by milk were performed in
which the solid-phase bound CD4 was incubated with milk and
washed, and then inhibition of ligand binding to CD4 wuas
measured. Because this sequence gave the same inhibition as
when ligand and milk are incubated simultaneously with solid-
phase bound CD4, we concluded that the inhibitor of CD4
binding in human milk was acting by binding to CD4 and not
to its ligands.

DISCTISSION

The binding ol gpl20, the outer coat protein of HI1V, to CD4,
the receptor molecule in the host cell, is thought 1o be a critical
first step in the infection process. Qur studies indicate that human
milk contains high levels of a material that inhibits the interac-
tion of CD4 with MAb that recognize HIV epitopes. This matc-
rial also inhibits the binding of purified gp120 1o CD4. The
highly conserved nature of the portions of gpl120 involved in
CD4 bhinding suggests that ihis inhibilory activity may affect
many strains of HIV-1 and FI1V-2 (29). Indeed, the effect of the
milk CD4 inhibitory activity on the replication of different strains
of HIV should be the subject of additional investigations.

The inhibitory material seems to be widespread, as it was
found in milk spceimens from geographically and ethnically
diverse populations, and was consistently present in milk samples
representing a prolonged period of lactation. The abscnce of
inhibition by bovine and several other milks (data not shown)
suggests that the inhibitory activity is not due 10 a nonspecific
ellect of milk, but rather to a specific interaction with human
CD4 molecules.

We were able to document that the blocking effect was not
due 1o the presence of lree soluble CIM, inasmuch as we could
not deteet CD4 antigen directly in the milk specimens. Our assay
would not have delected bound CD4 in milk, thus the issue of
whether some soluble CD4 exisls in milk bound to the blocking
agent has not been addressed directly; however, ligand-bound
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CD4 would not be expected to contribute toward blocking CD4
binding on the solid phasc assay. On the basis of the current
data, any soluble CD4, if present at all, is present in lesser
amounts than the blocking factor of milk, and we would postu-
late that its presence would only diminish the blocking effect.
Furthermore, the physical and chemical properties of the block-
ing macromolecule in milk are different from those of CD4 with
regard to molecular weight, isoclectric point, and possibly sulfa-
tion. Finally, if soluble CI>4 were the blocking agent of milk,
one would expect its mechanism of action to involve competitive
binding with the ligands rather than to the immaobilized CD4,
When immobhilized CD4 is exposed to milk and washed before
exposure to its ligand, the block in binding is comparable to that
resulting from coincubation of mitk and ligand with the CD4.
This implics that the blocking factor acts by binding to C4,
arguing further against milk CD4 as the active agent.

The active fraction of human milk was parlially characlerized.
The activity is largely confined to the macromolecular {raction.
Chromatoegraphic analysis indicated that the active material is a
macromolecule with negatively charged regions, but has an 150-
clectric point in the 9.3-9.6 range. The presence of acidic regions
within a Jarge molecule whose overall charge is basic could
account for these properties, Enzymatic analvsis indicated resist-
ance to lrypsin, but sensitivity to sulfatase from 4. gerogenes
and, to a lesser extent, 1o impet sulfatase. The results of thesc
analyses indicate thal the active matenial may be a sulfated
macromolecule. This finding is of interest in light of the recog-
nized inhibitory activity of dextran sulfale and other sulfaled
glycoproteins on the binding of HIV to CID4 and on the cellular
replication of HIV wvirions (52). A milk fraction was isolated by
preparative isoelectric focusing whose specific activity was 300-
fold higher than the parent macromolecular preparation. lts sp
act was an order of magnitude greater than that of dextran
sulfate. Inasmuch as this fraction contained several major con-
stituents, the sp act of the inhibitor of gp120/CD4 binding frem
milk may be much more than an order ol magnilude grealer
than that of dextran sutfate, implying that it may involve a more
specilic mechanism of blogking.

Because this factor is found in the milk of both seropositive
and seronegative mothers, the effect cannot be attributed to
specific slgA against HTV cpilopes. Other data indicate that the
blocking factor is not related in a nonspecific manner to the slgA
fraction: nlike slgA, the blocking factor is found to have a
tendency to aggregale and does not show affinity 1o concanavalin
A furthermore, the peak activity of the blocking factor oceurs
in fractions containing little of the total slgA. Purified milk
mucin fractions, essentially free of antibody, also inhibit CD4
binding (data not shown).

The most striking physical-chemical property of the active
ntilk protein is its high isoelectric point, a property that conlrasts
with the acidic nature of lactalbumin, lactoglobulin, and other
milk proteins (33). Such charactenstics, including the stability
of the protein to heat denaturation in waler, its sensilivity to
methanol denaturation at ambient temperaturcs, and its tend-
ency to aggregale and be retained in a 0.45-um [ilter, are con-
sistent with the characteristics of a family of macromolecules
wilh hydrophobic domains (54-56), such as those found in
membranc-associated proteins. The active material in human
milk may thus prove to be a sulfated membrane glycoprotein,
proteoglycan, or mucin whose binding to CD4 prevents the
attachment of HIV envelope glycoprotein. Human milk [at
globule mucins, when analyzed by PAGE, display characterstics
similar Lo those displaved by the highest-molecular-weight band
of the active fractions. The material could also be a glycosami-
noglvean that associates with a membrane protein. The identifi-
cation and further purification of the active milk constitueni(s),
and the elucidation of its mechanism of action, should be the
subject of additional investigations,

A similar activily has recently been described in human saliva
{57). This distribution of inhibilory activities in human milk and

saliva, but not in sera, may relate to the epidemiology of HIV
infection: a high rate of transmission by parenteral exposure is
observed, 1n contrast to the relatively low rale of transmission
by fecal-oral contact,

Numerous studies have indicaled a protective effect ol breast
feeding on infant morbidity and mortality. especially in children
living in less develaped countries (16-24). However, the role of
breast feeding in the management of chuldren born to HIV-
infected mothers remains controversial, in light of anecdotal
reports of apparent postnatal HIV transmission [rom mothers to
breast-fed children and of the rare isolation of HIV from human
milk (13-13). The findings reported herein raise questions on
whether human milk is an efficient agent for the verucal trans-
mission of HIV. Thus, the role of breast feeding in the health of
HIV-infected children and in the natural history of perinatal
HIV infection requires further study.
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