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The influence of alpha-fetoprotein (AFP) on the bone marrow (BM) natural suppressor (NS) cells
of intact Ehrlich carcinoma -bearing CBA mice was studied. Bone marrow NS cells were fractionated
into three fractions by isopycnic centrifugation on percoll gradients: NS1 (0 =1.080 g/ml), NS2 (0 =1.090
g/ml) and NS3 (1.100> o >1.090 g/ml). These fractions were highly different in their sensitivity to
known NS cell inductors (interleukin (IL)-2, IL-3 or histamine). None of the NS fractions isolated from
the intact mice spontaneously produced antiproliferative activity, however, they showed a high level
of NS (antiproliferative and natural killer cell inhibitory) activity under the influence of AFP. A single
injection of AFP to intact mice led to an increase of spontaneous NS activity and the inhibition of
natural killer cell activity. NS activity, especially NS2, was increased in when tumor cells were
subcutaneously inoculated three days after AFP injection. In the AFP-treated mice, the tumor mass
at 14 days was 60% larger than that in the untreated mice. Our data confirmed that AFP is a tumor
marker that can inhibit cancer immunity and plays a role in cancer pathogenesis.
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INTRODUCTION

Alpha-fetoprotein (AFP) is a well-known tumor marker,
and its production has been shown to correlate with the
development of hepatocarcinoma, embryonic carcinoma, tu-
mors of the yolk sac, teratocarcinoma, some stromal tumors
of the testis and ovary, hepatoblastoma, and flat-cellular
liver cancer (Abelev, 1993). One of the most important func-
tions of AFP is its immunosuppressive activity (Cardoso et
al, 1991; Chakraborty and Mandal, 1993; Semeniuk et al,
1999), and such activity may be important in the inhibition
of cancer immunity during tumor development. However,
the cellular and molecular mechanisms for the immuno-
suppressive activity of AFP are not known.

We hypothesized that AFP participates in natural killer
(NK) cell inhibition during tumor development by stimulat-
ing of the so-called natural suppressor (NS) cells. NS cells
belong to the class of immature hematopoietic progenitors
that non-specifically inhibit various immune responses
(Sykes and Strober, 1999). The likelihood of bone marrow
(BM) and spleen NS cells to suppress immune function is
significantly augmented during the development of cancer
and experimental tumors (Subiza et al, 1989; Young et al,
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1992; Yamaguchi et al, 1994).

In this study, we examined the direct influence of AFP
on three subpopulations of NS cells obtained from the BM
of mice, and found that AFP induced anti-proliferative and
NK inhibitory activity. A single injection of AFP led to an
increase of spontaneous NS activity of intact mice and in-
hibition of NK cell activity, thereby significantly accelerat-
ing the growth of Ehrlich carcinomas (EC). Our data sug-
gest that AFP in AFP-producing tumors, can activate NS
cells, thereby inhibiting cancer immunity and enhancing
tumor progression.

METHODS

Animals

CBA male mice (8~10 week old) were used in the
experiments.

Reagents

Percoll, RPMI 1640 medium, histamine dihydrochloride,
sodium bicarbonate, L-glutamine, gentamycin, DMSO, and

ABBREVIATIONS: AFP, alpha-fetoprotein; BM, bone marrow; NS,
natural suppressor; IL, interleukin; NK, natural killer; EC, Ehrlich
carcinoma; CLA, cytolytic activity; SA, suppressive activity.
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MTT were purchased from Sigma (St. Louis, MO, USA).
Human rIL-2 was purchased from Biotech Co (Saint-
Petersburg, Russia). WEHI-3BD cell conditioned medium
which was tested on IL-3 activity was prepared in our
laboratory. Fetal calf serum (FCS) was purchased from
Sigma (St. Louis, MO, USA). [3H] Uridine was purchased
from Isotop Co (Saint-Petersburg, Russia).

Purification of AFP

AFP was obtained from human cord-placental blood se-
rum as described earlier (Sinenko et al, 1999) by two-step
affinity chromatography: 1) on rabbit anti-AFP antibodies,
and 2) on rabbit antibodies against adult human serum
proteins.

Cell lines

PAI, WEHI-3BD, K-562, and FDC-P1 Muv127 cell lines
were maintained in RPMI 1640 medium supplemented with
10% FCS, 2 mM L-glutamine and 30 1g/ml gentamicin un-
der standard cell culture conditions.

Preparation of IL-3 activity

Exponentially growing WEHI-3BD cells were cultivated
for 48 h in the absence of FCS at 37°C and 5% CO.. Cell
free culture supernatant was tested for IL-3 activity by an
IL-3 dependent FDC-P1 Muv127 cell line and stored at —70°C
before use.

BM separation on percoll density gradients

BM cells were obtained from the femurs and tibias by
flushing as described elsewhere (Subiza et al, 1989). BM
cells were separated by isopycnic centrifugation for 20 min
at 400 g on discontinuous percoll gradients consisting of
five steps with the following buoyant densities: 1.033,
1.060, 1.076, 1.090, and 1.100 g/ml (Belyaev et al, 1993).
For preparation of the percoll densities desired, we followed
the methods described in the Pharmacia Fine Chemicals
AB brochure (Uppsala, Sweden). After centrifugation, the
cells were subdivided into six fractions, with the last frac-
tion remaining at the bottom of the tube. The cells from
the interface between 1.076 and 1.090 g/ml were collected,
washed and additionally separated on percoll gradients
consisting of two steps: 1.90 and 1.080 g/ml. Three cell frac-
tions with buoyant densities of 1.080, 1.090 and >1.090
(tube bottom) g/ml were collected, washed, calculated, and
used as NS1, NS2 and NS3 fractions.

Estimation of NS cell suppressive activity

BM cells (2.0x10%ml), separated on percoll gradients,
were incubated at 37°C and 5% COs in the presence of one
of the inducers (IL-2, IL-3, histamine, or AFP) for 3 h at
the following concentrations: rIL-2 at 50 IU/ml, IL-3 activ-
ity at two thirds of total culture medium volume and 107
M histamine, and 100 «g/ml AFP. The cells were then cen-
trifuged at 150 g for 10 min. The culture medium was re-
placed with fresh medium and the cells were cultivated for
another 48 h. The cell free culture supernatants were added
to the mouse myeloma cells PAI (5.0x10%ml) at a ratio of
1:1 (v/v) and cultivated for 24 h. Four hours before the
end of incubation, MTT solution was added to a final con-

centration of 0.5 mg/ml (Carmichael et al, 1987). The cul-

ture medium was then removed and crystals of formazan

were solubilized in DMSO. The absorbancy of the converted

dye was measured at 570 nm. The untreated myeloma cells

were used as a control. The suppressive activity (SA) of the

culture supernatants was calculated as follows:
SA=[(Control Test)/Control]x100 (%)

Determination of NK activity

NK activity of the mononuclear cells was estimated by
a direct cytotoxic assay, using K562 cells as a target. Thus,
K562 cells were labeled with 3H-Uridine (3 £Ci/ml) for 12
h under standard cell culture conditions. Mononuclear cells
as a source of NK cells were separated from the spleen cell
suspension by centrifugation on a percoll gradient (©=1.065
g/ml) for 20 min at 1,400 g and 4°C. The cells were then
washed and incubated on plastic Petri dishes for 2 h at
37°C to remove adherent cells. The remaining non-adherent
cells were adjusted to 10" cells/ml and incubated in the
presence of equal volumes of NS cell supernatants or cul-
ture medium for 16 h. After incubation, the cells were cen-
trifuged, washed and adjusted to 5.0x10° cells/ml. Next, 100
11 of both effector and target cells (labeled K562) were
mixed at a ratio of 50 : 1 and then incubated for 4 h in
round-bottomed microtiter plates under standard cell cul-
ture conditions. The cells from each well were carefully re-
moved and transferred onto GF filters (Schleicher and
Schuell, Dassel, Germany). The filters were washed consec-
utively in PBS (65 mM NaH;PO,, and 150 mM NaCl, pH
7.4), 5% TCA and 80% ethanol, and then dried. The radio-
activity retained by the non-lysed cells was determined us-
ing a liquid scintillation A-counter (Beckman, USA). K562
cells supplied with cell culture medium, instead of the effec-
tor cells, were used as a control. The NK cytolytic activity
(CLA) was calculated as follows:

CLA=[(Control Test)/Control]x100 (%)

The relevance of human cell line (K562) for estimation
of NK activity in mice was confirmed by a Cellular DNA
Fragmentation ELISA kit (Boehringer Mannheim GmbH,
Germany). The correlation of the CLA estimated by the two
methods (radioactive and non-radioactive) was r=0.96 (not
shown).

In vivo studies of AFP influence

The in vivo experiments were performed using four
groups of mice, with six mice per group: 1) 3 days after
subcutaneous AFP injection (100 1g), 2) bearing 14-day EC,
3) bearing 45-day EC, and 4) bearing 14-day EC after sub-
cutaneous AFP injection. The mice bearing EC were pre-
pared by a single subcutaneous inoculation of 10° EC cells
(Subiza et al, 1989). The BM cells obtained from each ani-
mal within a group were mixed before the cell separation
procedure.

Statistics

The experiments were performed at least three times and
representative data (average valuetSD) are presented. The
Student's t test was used to determine the significance of
the differences between experimental values.
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RESULTS

Suppressive activities of different NS fractions

None of the NS1, NS2 and NS3 fractions showed any spon-
taneous production of NS factors to inhibit myeloma cell
culture growth (Fig. 1). The fractions however, the fractions
differed in their response to the inducers. The NS1 cells
produced suppressive factors only under the influence of
IL-2 or histamine, the NS2 cells responded only to IL-3,
and the NS3 cells were sensitive only to IL-2, but not to
histamine. These data suggest that different NS cell frac-
tions have different suppressive activities.

AFP induces NS activity

As shown in Table 1, AFP induced significant suppressive
activity in all the NS fractions. NS3 activity was lower than
bothNS1 and NS2. NK inhibitory activity was not observed
in the untreated NS fractions, whereas it occurred only un-
der the influence of AFP. In the presence of AFP, NS2 cells
produced significantly more NK inhibitory activity than
NS1 or NS3 cells did.

NK activity 3 days after a single AFP injection

The effect of AFP on the cytolytic activity of NK cells
was studied 3 days after a single AFP injection. Fig. 2
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Fig. 1. Production of suppression factors (suppressive activity) by
three NS cell fractions with and without (w/o) influence of inducers.
Data are shown as mean+SD.

shows that there was a significant reduction of cytolytic NK
activity (p<0.001) 3 days after a single injection of AFP
(100 1£g) into mice (n=6).

Effect of AFP injection and tumor growth on the
suppressive activity of NS cell fractions

As shown in Table 2, subcutaneous inoculation of EC in-
duced the ability of NS cells to spontaneously produce sup-
pressive factors. Suppressive activity was increased as the
tumor grew, whereas NS cells failed to respond to AFP.
Similar activity of NS cells was also observed in intact the
mice 3 days after a single injection of AFP. However, all
three NS cells could increase their suppressive activity in
response to AFP stimulation. Inoculation of EC cells into
mice which had been pretreated with AFP showed increase
of spontaneous activity of all NS fractions, and this increase
was much more than that observed in the absence of AFP.
In this case, the loss of sensitivity of all NS fractions to
AFP was observed.

Acceleration of tumor growth in mice pretreated with
AFP

We also examined the effect of AFP injection into mice
on the growth of subcutaneous EC. As shown in Fig. 3, pre-
treatment of mice with AFP accelerated EC growth by ap-
proximately 60% at the 14" day.
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Fig. 2. Cytolytic activity of spleen NK cells obtained from untreated
and AFP-treated mice. Data are shown as mean+SD.

Table 1. Antiproliferative and NK inhibitory activity of NS cell fractions. Suppressive activity of different NS cell fractions either under
influence or without (w/o) influence of AFP, which inhibits both myeloma cell proliferation (SA) and NK cytolytic activity (CLA)

SA/CLA, %
Cell ta'rgets for NS1 NS2 NS3

suppressive factors

wlo AFP wlo AFP wlo AFP
Myeloma 3.8+7.7 50.6+1.2 2.4+8.1 52.6+1.4 —2.5+4.7 43.5+2.4
P (wio) 0.001 0.001 0.001
P (NS3) 0.005 0.002
NK* 73.5+4.0 55.6+2.3 77.0+2.4 42.943.4 72.6+£2.6 58.8+4.1
P (w/o) 0.005 0.001 0.012
P (NS2) 0.008 0.007

*CLA of NK cells without any influence was 73.8+1.7%. Cytolytic activity (CLA) was calculated as follows: CLA=[(Control-Test)/Control]

X100 (%). Data are shown as mean+SD.
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Table 2. Spontaneous or AFP-induced NS activity after EC cell inoculation or AFP injection. Suppressive activity (SA) to inhibit myeloma
cell proliferation by different NS cell fractions obtained from EC bearing - or intact mice after a single AFP injection

Suppressive activity (%)

Time after EC inoculation

or AFP injection NS1 NS2 NS3
wlo AFP wlo AFP wlo AFP
EC 14 days 21.945.8 22.7+2.6 22.2+2.9
24.5+2.6 27.0+4.0 27.5+4.2
P (wlo) 0.459 0.130 0.092
45 days 64.7+2.6 60.4+2.2 45.1+0.6
42.5+2.6 62.0£3.8 44.5+3.0
P (wlo) 0.001 0.585 0.745
AFP 3 days 56.4+4.9 55.9+2.8 47.843.0
41.9+3.3 48.3+1.5 42.0+3.4
P (wlo) 0.004 0.007 0.044
AFP 14 days 45.1+2.4 58.0+1.8 45.2+2.1
+EC 47.2+2.8 60.3£1.6 47.3+1.7
P (wlo) 0.295 0.106 0.169
Data are shown as mean+SD.
1000 - for BM cells from different mice and rat strains, but also
for rodent spleen cells and human peripheral blood cells.
Several previous studies have shown the stimulating ef-
— 800 fect of AFP on NS cell activity. For example, AFP induced
CE” P<0.01 T both mice BM and NS cell proliferation and had an im-
- munosuppressive effect on maternal anti-fetal T cell autor-
g 600 1 eactivity (Hoskin and Murgita, 1989). Chicken AFP led to
oo reduction of NK activity and accelerated tumor growth in
E 400 | quails, presumably through NS cell stimulation (Yamada
o and Hayami, 1983).
= In this study, AFP induced the production of both an-
|E 555 ti-proliferative and NK inhibitory factors in all NS
fractions. Considering strong correlation existed between
these activities, we conclude that both effects were medi-
0l ated by the same factor. Similar effects were obtained in
14 day AFP + 14 day vivo, where a single injection of AFP led to 20% reduction

Fig. 3. Influence of a single AFP injection on Ehrlich carcinoma
(EC) growth. Tumor mass was observed with and without AFP
injection after EC inoculation at the 14™ day. Data are shown as
mean+SD.

DISCUSSION

Convincing evidence for a negative role of NS cells in tu-
mor progression has been described (Subiza et al, 1989;
Young et al, 1992; Yamaguchi et al, 1994). However, many
studies in this field are limited by the absence of sat-
isfactory methods to obtaining, identify and estimate NS
cell activity. The phenotype heterogeneity of NS cells also
causes additional difficulties. According to earlier studies,
at least two NS cell populations belong to myelomonocytic
precursors. One of them is activated with IFN- and IL-2
(Holdaet al, 1986; Angulo et al, 1995), whereas the other
is activated by exposure to IL-3 and GM-CSF (Young et
al, 1990; Moore et al, 1992). In the present work, we suc-
cessfully obtained three NS cell fractions, and each fraction
showed different sensitivity to the inducers tested (IL-2,
IL-3 and histamine). We also showed that the separation
method of NS cells herein, described was suitable not only

of NK cell activity and the occurrence of increased sponta-
neous NS activity in all NS fractions. All NS sub-
populations retained their ability to respond to AFP. Our
results indicate a different response in cases when tumor
was inoculated. EC growth was accompanied by an increase
of spontaneous NS activity and loss of NS cell reactivity
to AFP. The cause of this phenomenon is not clear.
However, acceleration of tumor growth, decrease of NK ac-
tivity and simultaneous increase of NS activity after AFP
injection suggest that AFP suppresses tumor immunity and
facilitates tumor growth. The present results suggest that
AFP in AFP- producing tumors, can activate NS cells,
thereby inhibiting cancer immunity and enhancing tumor
progression.
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