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A differential effect of pregnancy on the growth of subcutaneous implants of four murine tumors has been observed. Two
tumors lacking receptors for progesterone and estro gen [methylcholanthrene-induced fibrosarcoma (MC-C) and spontane-
ous lymphoid leukemia (LB)] exhibited slow kinetics througbout the course of pregnancy, although inhibition was stronger
beyond day 10. On the other hand; one of two tumors bearing receptors for progesterone and estrogen [medroxyprogester-
one (MPA)-induced mammary adenocarcinoma (C7HI)] exhibited three phases: up to days 8-10 of gestation the tumor
grew faster than in virgins, between days 8-10 and 15 it reached a plateau, and beyond day 15 a sharp reduction in tumor
mass was observed. The other tumor [mouse mammary tumor virus (MMTV)-induced mammary carcinoma (T2280)]
behaved as a typical pregnancy-dependent tumor (Le., it grew in pregnant but not in virgin mice, regressed soon after
delivery, and reassumed its growth at the middle of a second round of pregnancy). Neither MPA nor estro gen affected
MC-C and LB tumor growth. On the other hand, MPA-treated mice enhanced C7HI tumor and reciprocally C7HI tumor-
bearing mice treated with estro gen strongly inhibited tumor growth. As for T2280, neither MP A nor estro gen alone could
promote tumor growth and, in consequence, no tumor developed. However, when MP A plus estrogen was administered
in a schedule simulating the successive appearance of these hormones in pregnancy, T2280 grew even faster than in
pregnant mice. When the four tumors were implanted in mice bearing grafts of embryonal tissues (teratomas), al! of them
were inhibited. This antitumor effect was similar to that observed in pregnancy when tumors unresponsive to progesterone
and estrogen were tested. On the other hand, with tumors bearing progesterone and estrogen receptors, differences in
tumor growth were detected in pregnant and teratoma-bearing mice. This suggested the existence during pregnancy of
two factors potentially acting on tumor growth. First, a progesterone and estrogen-mediated hormonal component, which
would exert either inhibitory or stirnulatory effects only evidenced with tumors bearing hormonal receptors. Secondly, an
antitumor effect proportional to the growing embryonal mass, inhibiting all tumors independently of their origin or hor-
mone responsiveness. This antitumor effect could be attributed to a heat-resistant serum factor (1000-1200 Da molecular
weight) presumab1y associated with the pathway of the arachidonic acid metabolismo The interp1ay between the hormonal
component and the serum factor associated with embryonal mass could account for some of the 1arge1y heterogeneous
and otherwise unexp1ained effects of pregnancy on tumor growth reported in the literature and illustrated by the four
tumors studied here.
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The influence of pregnancy on the development of clini-
cal and experimental cancer is a matter of a long contro-
versy. A large number of reports have claimed that the
course of the neoplastic disease is aggravated during
pregnancy. Some authors have suggested that this would
be due to a state of tolerance to fetal antigens associated
with tumors (oncofetal antigens) (1,2). Others have pos-
tulated that hormonal changes induced during pregnan-
cy could playa main roleo Supporting the latter are the
pregnancy-dependent marnmary tumors induced by mouse
marnmary tumor virus (MMTV3) in mice. These tumors
appear in the middle of pregnancy when serum levels of
progesterone and estro gen are high and continue to grow
until the end of gestation; they regress soon after deliv-
ery and reappear at subsequent pregnancies when hor-
mone serum levels are high again, suggesting that pro-

gesterone anc1/or estrogen playa main role (3-5). j.
hormone-mediated mechanism has also been postulate(
to explain the accelerated course of dimethyl-benzan
thracene (DMBA)-induced marnmary tumors in preg
nant rats (6) and the increased rate or the worsene(
prognosis of some breast, pancreas, and brain tumor:
detected in women during pregnancy (7-9).

On the other hand, many studies (as many as the one:
claiming a tumor-promotion effect of pregnancy) havl
demonstrated that pregnancy has no influence, or eve¡
has an inhibitory effect, on both the incidence and devel
opment of some human and animal tumors, inc1udin¡
marnmary cancer, lymphomas, and other hematologil
malignancies (10-16). In addition, experiments per
formed by Moroson and Ioachim (17,18) revealed tha
rats bearing grafts of embryonal tissues (teratomas) wefl
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protected against the induction of mammary carcinomas
by nitroso-methylurea (NMU) and against the transplan-
tation of carcinomas and lymphomas, suggesting that
the embryonal tissues were a source of tumor-inhibitory
factors.

Such contradictory data could be attributed to the use
of different tumors and heterogeneous types of hosts,
but the question why pregnancy displays such different
and even opposite effects on tumor growth remains un-
answered. We have studied four murine tumors widely
differing in histological appearance, etiology, immuno-
genicity, and hormone responsiveness made to grow in
pregnant, teratoma-bearing and virgin mice. Our goal
was to try to conciliate in a coherent picture the pre-
viously reported and seemingly paradoxical observations
concerning the effects of pregnancy on tumor growth.

MATE~SANDMETHODS
Animals

BALBIc mice of both sexes, 2-4 months old, were
used. They were raised in our colony and maintained on
Cooperación pellets (San Nicolás, Buenos Aires, Argen-
tina) and water ad libitum. Animals were sex and age
matched within each experimento

Tumors

MC-e. The MC-C tumor is a fibrosarcoma induced
in a 5-month-old BALB/c male after the SC implanta-
tion of a methy1cholanthrene pellet. It was used within
SC passages 5 and 20.

LB. The LB tumor is a T-lymphoid leukemia tbat
arose spontaneously in a 6-month-old BALBic maleoIr
has been maintained by SC serial passages in syDgenCc
mice and was used between passages 68 and &&..).!ore
detailed description of this tumor is given ~
(19,20).

C7HI. The C7HI tumor is a highIy metaslaiÍc man-
mary adenocarcinoma originated in a BALBIc female
treated with 40 mg of medroxiprogesterone acernre
(MPA) every 3 months for 1 year and m;¡rnrninedby
syngeneic SC transplantation. It was used between pas-
sages 18 and 25. More detailed description ofthis tumor
is given elsewhere (21).

1'2280.The T2280 is a mammary tumor induced by
a novel exogenous MMTV in a pregnant female mouse
of BALB/c LA strain, a new variant of BALB/c mice
(22). The tumor has been SC passaged in BALB/c mice
and was used between passages 2 and 3.

AlI tumors were kept biofrozen and were thawed and
SC passaged. Tumor volume was calculated according
to the formula of Attia and Weiss (23): volume =
0.4(ab2),where a and b are the larger and smaller diame-
ters, respectively. TDsois defined as the number of tu-
mor cells able to grow SC in 50% of the mice.

Teratoma

After trophoblast remotion, mouse embryos of 10-14
days of gestation were finely minced and homogenized
in medium. The homogenized embryonal tissues were
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implanted SC through a small skin incision in fue doIsa1
side at a dose of one homogenized embryo for each male
and female recipient mouse. Nodules of embryonal tis-
sues (teratomas) were flrst palpable 10-15 days afrer
implantation, attaining their maximum size al 3~5
days, and remained unchanged thereafter. ~
analysis revealed that teratomas were a comple.x~
of cysts and well-differentiated tissues deri,,-eC~ ::z
three germ layers; in our hands none of tbe ~ J::'&-
tomas showed malignant transformatioo..

Hormonal Treatments

MPA-Treated Mice. Mice received a <:in~~n;~ oi
40 mg of MPA of the depot type ~ SOC,
Montedison, Milan, Italy). Vaginal smears showed thar
females were in a state of pseudopregnancy; after 3
months they began to cycle again. Serum levels of MP A.
30-60 days after MP A injection, were measured as de-
scribed previously (24), by high pressure liqnid chroma-
tography, in five samples with a mean value of 4L.! =
3.6 nglml. This value was similar to that mea51.1I'erlm
pregnant mice between days 3 and 16 of ~
(25,26).

Estrogen-TreatedMice. Mice receP-erl a ~ ~." =-
silastic pellet containing 0.5 ~ ~,.., "...,..
(Sigma, StoLouis.,MO, GS--\~Ser.m: ;.: :; :=:=o.:...~
were measured as previocs..: ~~~ :.. :- -"'". -~-
munoanaIysis 'RIA '. ~ a;é se: .::.z::?:i:J::r:c = ~ -==""
tarion.,w:ili~~ ~ ~ - = aS- - =: .Do:.==-:= - .

11=3 pg~~:- ~ ~":'~.:=::J:: :r
thaI ~ ~ ~~::::a ;;e. == ~ - ;:; z:o.:: :
~. O; ~~ :5'

~ ~":,':

:r=---: , - - -..!:z::::..""'t. s.::~ .-= ::J:I:-
~ ~ --s:::z.~ ..~ ~ -~-.."
IDID~.-;.-u ~.z¡:; ~ ~'-~ ~ ::a::::c.:.=..::..
m. ~ ~~ ~ ::f ::z :::o:::: ~ ~ z.::

reJapgerl

~c¿z¡, ("'~~~r :."""",,",..~
90 Gy in 2 pIasric ~ ~--- X-a::-s -o;;;,...~
ernted in a Phillips 1.5C.';.5 ~ "'P~ & :.::
kV, 14:m.-'\2ndillrererl~ ~ = ..;:.~ .:es.:=.!II:
was 3.13 Gy min-I a¡ a ~ ~ o;:3.::::;;:..
Animalswere pretrearedwiIh tWOse ómes Di :- ,
1rf irradiated tomor cells, -; 2nd ~.;.da:ys~ ;:mxr
challenge.

Progesterone wul Estrogen ReceprOTSStJldies

Progesterone (PR) and estTOgen (ER) receprors we:re
detected by immunohistochemical anaIysis, perlonned
on formalin-fixed paraffin-embedded tissues. Anti-PR
and anti-ER (Santa Cruz Biotecbnology fuc., CA. GSA,
polyclonal antibodies were diluted 1:100. Staining was
achieved using a biotin-conjugated secondary annlxxly
and the ABC horseradish peroxidase derection ~oem
(Vector Lab) incubated for 30 min each. Chromoge:n
was diaminobenzidine. Content was expressed as ;:be
percentage of the number of PR- or ER~ cd:s
over the number of total cells. PR and ER were ~"C
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measured by the charcoal technique as previously de-
scribed (27,28). The hormone receptor levels were ex-
pressed as fentomoles per milligram cytosol protein.
Chemicals used for these assays were [17 a-methyl-
3H]R5020 (87 /lCi/rnmol) and [2,4,6,7}H]estradiol (169
/lCi/mmol) and were purchased from NEN (Boston,
MA, USA).

Anti-InflammatoryDrugs

Indomethacin (Sigma) was diluted in 0.015 M NaCl
to obtain a dose of 0.5 mg/kg in 0.2 mI, and it was
administered daily by the IP route for 2 consecutive
days.

Lung Nodule Evaluation

C7HI tumor-bearing mice were anesthetized with
ether and killed by cervical dislocation. The lungs were
removed and rinsed in distilled water, and surface meta-
static nodules (diameter ;?:0.1rnm) present in both lungs
were counted under a dissecting microscope al IOX mag-
nification. The lungs were then fued in 15% formalde-
hyde, 5% acetic acid, and 80% metbano1 and processed
for tissue sectioning. Serial thin sections of 3-4 /lm
were stained with hematoxylin and eosin. Microscopic
lung metastases (diameter <0.1 mm) were counted under
a microscope at 125x magnification in fields with 0.32
rnm diameter.

Mitosis and Apoptosis ColUlting

Mitotic number was evaluated per high power field
(HPF) at 600x magnification in well-preserved areas
(nonnecrotic) with similar ceL. densities, while taking
into account metaphase and anaphase. Apoptotic cells
were detected morphologically on hematoxylin and
eosin-stained slices: nuclear coodensation and picnosis
increase, cell shrinkage, membr2ne blebbing, chromatin
marginalization, and apoptoóc bodies were considered
as features of apoptotic cell5..

-.."\

Angiogenesis Assay

Pregnant (10-12 days of gestation) and virgin female
mice received a SC implmn oí murine syngeneic p1a-
centa or neonatal testis (1 mm.\ 106 peritoneal elicited
macrophages (PEM), or 25 x 1ft MC-C, LB, or C7Hl
tumor cells. Five to 7 days 1arer, mice were sacrificed
and dermis at the site of impJ2m was examined. Macro-
scopic vessels were evaluzred onder a dissecting micro-
scope at 10x magnification. In arder to quantify the neo-
vascularization, photogmpbs of the skin at the site of
implant were projected on a screen and vessel density
by cm2 was counted. ~ficroscopic vessels were evalu-
ated in thin sections as previoosly described (29) using
both hematoxylin-eosin stain and antibody against von
Willebrand factor al 125x and 250x magnification.
respectively.

.
)

Medium

The medium used was RPMI-1640 without phenol
red (Gibco, USA), wi1h penicillin G sodium (10 J.1g
mr\ streptomycin ~pbate (25 /lg mI-!), and amphoter-
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icin B as fungizone (25 /lg mI-!). When necessary, me-
dium was supplemented with 5-10% fetal calf serum.

Serum

Mice were bled through the retroorbital plexus. The
blood was kept at room temperature for 1 h for c1otting.
Serum obtained after centrifugation was stored at -20°C
until used. For in vitro assays, serum was decomple-
mented at 56°C for 30 mino

Hormone Levels in Serum

Serum samples were measured in duplicate for pro-
gesterone, estrogen, prolactin, luteinizing hormone (LH),
and follic1e stimulating hormone (FSH) by radioirnmu-
noanalysis (RIA) using specific anti-hormone antiserum.
For progesterone, the DSL-500 active 17 a-OH proges-
terone-coated tube RIA kit was used; for estrogen the
coat-A count estradiol-6 kit was used; for prolactin, LH,
and FSH, RIA kits provided by the NIDDK were uti-
lized. For progesterone, prolactin, LH, and FSH the val~
ues were expressed in ng/mI; for estro gen the values
were expressed in pg/mI.

tH]Thymidine Uptake Assay

Proliferation of tumor cells in 0.1 mI of medium was
determined in 96-well microtiter plates (Corning, NY,
USA) in the presence of 0.1 mI of several twofold di-
1utions of serum from virgin, pregnant, or teratoma-
bearing mice. Irnmediately after adding the serum, the
cu1tures were pulsed with ['R]thymidine (Dupont, NEN,
Boston, USA) at a final concentration of 1 /lCi mr! and
the mixture was incubated at 37°C for 18-24 h in a 5%
carbon dioxide humidified atrnosphere and harvested
with an automated cell harvester. The radioactivity in-
corporated into the cells was counted in a liquid scintil-
lation Beta counter (Beckman). The assays were usually
carried out in triplicate or quadruplicate and the percent-
age of inhibition for each serum dilution was determined
as: % inhibition = 1 - (cpm of serum - background)/
(cpm of medium - background) x 100.

The titer of growth inhibitory activity was defined
as the reciprocal of the serum dilution producing 50%
inhibition of ['R]thymidine uptake by cells compared
with medium only, and was expressed as growth inhibi-
tory units 50 per mI (GIU5o1mI).

51CrReleosed Assay

Spleen cell or peritoneal macrophage suspensions
were mixed in triplicate with 104 5!Cr-Iabeled tumor or
y AC-l cells at a effector/target ratio of 100: l. The
mixtore was incubated for 4 h at 37°C in a 5% COz
humidified atrnosphere. After this period, the cells were
centrifuged and radioactivity of the supematant was con-
sidered as a measure of antiturnor activity of the effector
cells tested. The percentage of cytotoxicity was calcu-
lated by the formula: % specific cytotoxicity =(experi-
mental counts - spontaneous release counts)/(maximal
counts - spontaneous release counts) x 100. Spontane-
ous release was always less than 5%.

Complement -dependent cytotoxic antibodies against

I
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tumor cells labeled with 51Crwere evaluated according
to the method of Rao et al. (30). Titer of cytotoxic anti-
bodies was defined as the reciprocal of the serum dilu-
tion producing 50% of specific lysis.

Enzymes

Enzymatic treatment was performed as described pre-
viously (31). Enzymes used were: pronase, trypsin, DNase,
RNase, IXand ~glucosidases, and lipase (Sigma Co.).

Statistical Analysis

Student's t-test and Mann-Whitney U-test were used.
Differences were considered significant when the value
was P:::;0.05.

RESULTS

Immunogenicity oi Murine Tumors

Immunogenicity of MC-C, LB, C7ill, and T2280 tu-
IDorS was evaluated using two c1assical immunization
assays: tumor implantation and excision, and pretreat-
ment with irradiated tumor cells. As shown in Table 1,
MC-C exhibited a strong immunogenicity because its
TD5omarkedly increased after immunization procedures.
On the other hand, LB, C7ill, and T2280 behaved as
nonimmunogenic tumors.

Progesterone and Estrogen Receptors

Taking into account that progesterone and estro gen
are known to be important hormones affecting both inci-
dence and growth of transplantable tumors in the mouse
model (3), progesterone and estrogen receptors were
evaluated on MC-C, LB, C7ill, and T2280 tumors. As

Table 1. Immunogenicity of Four Murine Tumors Expressed
as the Increase in TDsoin Immunized Compared With Control
Mice

Immunized

TDso (tumor dose 50) is the number of tumor cells able to grow in
50% of the mice. Mice were immunized against the tumors by using
classical immunization assays: tumor implantation and excision, and
pretreatment with irradiated tumor cells. n is the number of experi-
ments in which TDso was calculated. Standard error never exceeded
15% of mean value. For experiments with T2280 tumor, mice had
received a SC dorsal implant of progesterone plus estrogen. NT: non-
tested.

BUSTUOABAD ET AL.

Table 2. Progesterone and Estrogen Receptors in MC-C, LB,
C7HI, and T2280 Murine Tumors

Horrnone receptors were measured by immunohistochemical analysis;
content was expressed as the percentage of the number of progesterone
or estrogen positive cells over the number of total cells. Each value
represents the mean:t SE of n individual tumors. For each tumor
10-20 fields were examined in thin sections at 800x magnification.
On C7HI and LB tumor cells, horrnone receptors were also measured
by the charcoal technique: on C7HI, values of progesterone and estro-
gen were 167.7:t 48.4 (n =4) and 34.8:t 8.8 (n = 4) fentomoles per

milligram of cytosol protein, respectively; on LB, values were under
the limit of detection of the method (n = 3).

*p < 0.001 compared with both MC-C and LB tumors.
tP < 0.001 compared with MC-C and P < 0.01 compared with LB.

shown in Table 2, progesterone and estro gen receptors
were consistently demonstrated on C7ill and T2280 tu-
mor cells; on the other hand, minimal or nondetectable
values were found on MC-C and LB tumor cells.

Effectoi Pregnancyon TumorGrowth

Female mice received 1 X 105MC-C, LB, C7ill, and
T2280 tumor cells SC, 3-6 days before the onset of
pregnancy. The growth of MC-C and LB tumors was
significantly retarded in pregnant compared with con-
trol virgin mice (Fig. lA, B). When survival of tumor-
bearing mice exceeded 40 days (as in the case of MC-C
tumor bearers), inhibition was also observed in a second
round of pregnancy. For mice bearing MC-C tumor, sur-
vival time (mean:t SE of three experiments) was 98.6:t
7.6 days in pregnant and 66.9:t 5.5 days in virgin
mice (P < 0.01); for mice bearing LB tumor, survival
(mean:t SE of four experiments) was 24.7:t 0.4 days in
pregnant and 21.8 :t 0.7 days in virgin mice (P < 0.02).

As for C7ill tumor, its growth exhibited three phases.
Up to days 8-10 of pregnancy, the tumor grew faster
than in the controls; between days 8-10 and 15 it
reached a plateau; and beyond day 15, a dramatic reduc-
tion in tumor mass was observed, which was maximal
at the time of delivery. On successive rounds of preg-
nancy a similar pattern was observed (Fig. le). As a
whole, after 80 days of tumor growth the size of C7HI
tumor was significantly smaller and its lung metastases
were inhibited in pregnant mice compared with the con-
trols (Table 3). A sample of C7Ill tumor-bearing mice
subjected to three rounds of pregnancy exhibited a
largely prolonged survival time (196.0:t 10.0 days, n =
3 mice) compared with that of virgin mice (113.0:t 4.7
days, n = 6 mice), evel1thoogh beyood day. 80 no new

Pretreatrnent

Implantation With
Control and Excision Irradiated Cells

Tumors (TDso) (TDso) (TDso)

MC-C 41,600 >2,000,000 >2,000,000
(n = 5) (n = 4) (n = 1)

LB 1,400 <3,000 1,200
(n = 3) (n = 2) (n = 3)

C7HI 5,500 6,200 NT
(n = 2) (n = 2)

T2280 38,800 21,700 NT
(n = 2) (n = 2)

Progesterone Estrogen
Tumors Receptor Receptor

MC-C 1.69 :t 0.31 0.43 :t 0.09

(n =4) (n =5)
LB 1.29 :t 0.22 0.32:t 0.15

(n =3) (n =4)
C7HI 25.00:t 1.16* 19.47:t 3.96t

(n =4) (n =4)
T2280 52.1O:t 5.74* 59.33 :t 9.03*

(n = 4) (n = 4)
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Figure 1. Effect of pregnancy on tumor growth. Comparative growth of MC-C (A), LB (B), C711i (c), and T2280 (D) tumors
in both pregnant (O) and virgin (.) mice. Tumor growth was initiated with a SC inoculum of 1 x 105tumor cells, 3-6 days
before the onset of pregnancy. (A) P < 0.01 day 25 of tumor growth, P < 0.001 day 21 and day 32 onwards. Mean of three
experintents inc1uding 19 pregnant and 36 virgin mice. (B) P < 0.05 day 11, P < 0.01 day 14 onwards. Mean of four experiments
inc1uding 56 pregnant and 41 virgin mice. (C) P < 0.05 days 12-16, P < 0.001 day 27 onwards. Mean of 24 pregnant and 24
virgin mice. (D) P < 0.02 days 18 and 42, P < 0.001 days 20-26 and 44 onwards. Mean of 14 pregnant and 12 virgin mice.

round of pregnancy was allowed; the difference was
highly significant (P < 0.001).

On the other hand, T2280 tumor grew in pregnant
but not in virgin mice; it regressed soon after delivery
and reassumed growth at the middle of a second round
of pregnancy (Fig. ID), indicating that it is a pregnant-
dependent mammary tumor (PDMT).

TumorGrowthin Progesterone-and Estrogen-TreatedMice

When MC-C and LB tumors were studied, no differ-
ences in kinetics nor in survival time were detected be-
tween MPA-treated, estrogen-treated, and control virgin
mice (Pig. 2A, B). As for C7HI tumor, MPA-treated
mice exhibited enhanced tumor development compared
with that of virgins and reciprocally C7HI tumor-bearing
mice only treated with estrogen showed a dramatic inhi-
bition of tumor growth (Fig. 2C). As for mice bearing
T2280 tumor cells, treatment with either MPA or estro-

gen alone did not promote tumor growth and, in con-
sequence, as occurred in control virgins, no tumor de-
veloped. However, when MPA plus estrogen was
administered in a schedule simulating the successive ap-
pearance of these hormones in pregnant semm, T2280
grew even faster than in pregnant mice (Fig. 2D).

TumorGrowthin Teratoma-BearingMice

In order to determine the effect of growing embryo-
nal tissues on tumor development, SC growth of MC-C,
LB, C7HI, and T2280 tumors was evaluated in tera-
toma-bearing and control virgin mice (for T2280, MPA
plus estrogen had to be injected to permit tumor
growth). Growth of the four tumors was restricted by
the presence of a growing 1arge teratoma (Fig. 3A-D)
but not when the teratoma was regressing or incipient
(data not shown). Por MC-C, LB, and T2280, this tumor
inhibition was similar to that observed in pregnant mice

I



152

Table 3. Inhibition of C7HI Spontaneous Lung Metastases in
Pregnant Mice Bearing a SC C7HI Tumor

Pregnant (after tbree rounds oí pregnancy) and virgin mice were sacri-
ficed 80 days after receiving a se inocu1um oí 1 x 105 C7HI tumor
cells; n =number oí mice.
*Number oí 1ung metastases counted under a dissecting microscope at
lOx magnification (nodules ~0.1 rnm).
tNumber oí microscopic 1ung metastases (diameter <0.1 rnm) counted
under microscope at 125x magnification in fie1ds with 0.32 rnm diam-
eter; 30 fie1ds per mouse were examined.
*P < 0.002.
§P < 0.001.

(for comparison, see Fig. lA-B and Fig. 2D). For C7111,
inhibition mediated by teratoma was weaker than that
displayed during gestation, and kinetics of tumor growth
did not present the pattem of increase, plateau, and dras-
tic fall observed in each round of pregnancy (for com-
parison, see Fig. le). Experiments reported in Figure 3
were carried out in normal female mice, but when males
and adrenalectomized females bearing teratoma were
used a similar antitumor effect was observed (data not
shown).

PutativeMechanismsAssociatedWithTumorlnhibition
in PregnantMice

The above experiments suggested that the promotion
effect of pregnancy on C7111tumor growth up to days
8-10 of pregnancy and on T2280 tumor growth from
day 14 until delivery could be attributed to high levels
of serum progesterone or to a combined effect of proges-
terone plus estrogen, respectively. On the other hand, a
high level of circulating estrogen could explain, at least
in part, the inhibition of C7111tumor growth beyond day
15 of gestation. However, mechanisms underlying the
inhibitory effect on the growth of all tumors displayed
by an embryonal growing mass were more elusive. In
order to investigate this antitumor effect, supposedly
shared by both pregnant and teratoma-bearing mice, im-
munological, antiangiogenic, and other putative mecha-
nisms were explored.

lmmunologicalMechanisms.As mentioned above, three
out of four tumors used were not irnmunogenic (LB,
C7lll, and T2280) and, as previously demonstrated, they
did not induce either humoral or cellular-specific im-
mune responses (19,32,33). As for the strong irnmuno-
genic MC-C, in vitro cytotoxicity against MC-C tumor
cells mediated by splenocytes from MC-C tumor-bear-
ing mice was 34.3:1: 2.5% (n = 11 mice), significantly
higher (P < 0.05) than that induced by splenocytes from
normal virgin mice (26.2:1:1.8%, n =6 mice). However,

Bt.'Si"':üABAD Ef AL.

no difference was detected ~ splenocyteg were
obtained from MC-C-bearing pregnant (33.3:t 2.4%,
n = 5 mice) or virgin mice (35.1z 3.5%, n =6 mice). In
vitro cytotoxicity against ~{c-C mmor cells mediated by
humoral antibodies and complement was similar in se-
rum from both MC-C tumor-bearing (pregnant or virgin)
and pregnant or virgin normal mice.

On the other hand, no significant differences between
pregnant and virgin mice were detected for NK (tested
against YAC-l cells) and tumoricidal peritoneal macro-
phage activity. The above resu1tssuggested that conven-
tional immunological mechanisms were not playing a
main role in the phenomenon of tumor inhibition ob-
served during pregnancy.

AntiangiogenicMechanism.The effect of pregnancy on
neovascularization, which is considered a critical step in
the development of solid tumors (34-37), was studied.
For this purpose, pregnant (10-12 days of gestation) and
virgin mice were SC inoculated with: syngeneic pla-
centa, neonatal testis, peritoneal elicited macrophages,
and MC-C, LB, or C7111tumor cells, which served as
neovascularization stimulus. Five to 7 days later, mice
were sacrificed and the skin examined. As can be seen
in Table 4, the state of pregnancy induced a significant
reduction in both macro- and tnicrovasculature when
normal tissues (placenta, testis, macrophages) served as
angiogenic stimulus but not when tumor cells were used.
These results suggested that inhibition of tumor growth
during pregnancy would be unrelated to an antiangio-
genic mechanism.

ConcomitantResistance-LikeEffect. Mice bearing large
tumo{susually display an inhibitory effect on the growth
of secondary tumor implants known as concomitant re-
sistance (19). In vivo, this effect was observed by the
increase of apoptotic nuclei and the decrease of mitotic
figures in the secondary tumor. In vitro, semm from tu-
mor-bearing mice caused eH]thymidine uptake reduc-
tion by tumor cells (31,33). We tested whether growing
embryonic mass in the form of teratoma and pregnancy
could mimic the presence of a large tumor by inducing a
concotnitant resistance-like effect. We found that tumor
growing in pregnant and teratoma-bearing tnice showed
a significant increase of apoptotic cells per HPF (2.74 :1:
0.44) compared with virgins (1.40:t 0.20, mean:l: SE of
8 experiments, P < 0.02) and a significant lower number
of mitosis per HPF (0.50:1:0.16 vs. 1.18:1:0.21, mean:l:
SE of 10 experiments, P < 0.02). It is worth noting that
these data were obtained from parenchymal, nonstromal,
MC-C and LB tumor cells. In addition, serum from
pregnant and teratoma-bearing mice was assayed on the
in vitro proliferation of tumor cells. As can be seen in
Table 5, semm from early pregnancy exhibited an effect
on MC-C, LB, and C7111tumor cell proliferation similar
to that observed in semm from control virgin mice, but
afterward, as pregnancy proceeded, the serum displayed
an inhibitory activity that increased progressively, reach-
ing its maximal value near the end of gestation. Rapidly
after delivery, inhibitory activity dropped to control val-
ues. No natural cytotoxic antibodies could be responsi-
ble for this effect because, as shown above, in pregnant

Macroscopic/ Microscopic per
Mouse* Field/Mouset

Group Average Range Average Range

Pregnant
(n = 6) 4.2:1: 0-17 1.1§ 0.8-1.4

Virgin
(n = 6) 96.2 8-173 2.2 1.8-2.6
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Figure 2. Tumor growth in progesterone- and estrogen-treated mice. Comparative growth of MC-C (A), LB (B), and C7HI (C)
tumors in medroxiprogesterone acetate (MPA)-treated (.), estrogen-treated (t.), and control virgin (.) mice. For T2280 tumor
(D), data from mice receiving MPA plus estrogen (O), virgin (8), and pregnant mice as control of tumor growth (O) are shown.
Data from mice receiving MPA alone or estrogen alone were identical to that of virgin and for simplicity are not shown. Tumor
growth was initiated with a SC inoculum of 1 x 105tumor cells. MPA was administered simultaneously with tumor inoculum.
Estrogen was administered at day 7 of MC-C and LB tumor growth, at day 41 of C7HI tumor growth, and at day 14 after T2280
implantation. Comparison between tumor growth in MPA-treated versus virgins: (A) and (B) NS at all days of tumor growth; (C)
P < 0.05 days 20-22 and day 61 onwards, P < 0.01 days 34-52, and P < 0.001 days 24-31. Comparison between tumor growth
in estrogen-treated versus virgins: (A) and (B) NS at all days; (C) P < 0.01 day 45, P < 0.001 day 52 onwards. Comparison
between tumor growth in MPA plus estrogen-treated versus virgins and pregnant: (D) P < 0.001 day 18 onwards versus virgins;
P < 0.02 day 18, P < 0.01 days 20-22, P < 0.001 day 24 vs. pregnant. (A) 4 MPA-treated, 4 estrogen-treated, and 8 control virgin
mice bearing MC-C tumor. (B) 4 MPA-treated, 4 estrogen-treated, and 12 control virgin mice bearing LB tumor. (C) 4 MPA-
treated, 4 estrogen-treated, and 10 control virgin mice bearing C7HI tumor. (D) 6 MPA-treated, 14 estrogen-treated, 10 MPA
plus estrogen-treated, 12 virgin, and 14 pregnant mice receiving a SC implant of T2280 tumor.
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serum, no complement-dependent cytotoxicity on tumor
cells was observed. Circulating estrogen could be re-
sponsible, at least in part, for the inhibitory effect of
pregnant serum on C7HI, because control serum supple-
mented with estrogen, but not with progesterone,
showed an inhibitory activity on in vitro C7HI tumor
cell proliferation. On the contrary, neither MC-C nor LB
tumor cells were affected by a high concentration of es-
trogen or progesterone, suggesting that the inhibitory ef-
fect of pregnant serum on MC-C and LB was unrelated
to the presence of these hormones. Semm from tera-

k

I

r - - --- -

toma-bearing mice also exhibited an inhibitory activity
on in vitro proliferation of MC-C, LB, and C7HI tumor
cells; this activity was slightly lower than that found in
serum from advanced pregnancy. On the other hand, se-
rum from advanced pregnancy (>15 days of gestation)
permitted the in vitro proliferation of T2280 but not me-
dium or semm from normal, early pregnant, or teratoma-
bearing mice. However, when cultures were supple-
mented with MPA plus estrogen to permit T2280 tumor
cell proliferation, semm from advanced pregnancy and
from teratoma-bearing mice displayed an inhibitory ef-
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Figure 3. Effect of teratoma on tumor growth. Comparative growth of MC-C (A), LB (B), C7HI (C), and T2280 (D) tumors in
teratoma-bearing (O) and virgin (.) mice. Tumor growth was initiated with a SC inoculum of 1 x lOs tumor cells carried out
contralaterally to a SC growing teratoma, volume 1600-1700 mm3 at day of tumor inoculum. For T2280, both teratoma-bearing
and virgin mice were pretreated with MPA plus estrogen to permit tumor growth. (A) P < 0.05 day 20 of tumor growth, P < 0.02
days 25-45, P < 0.01 day 52. Mean of 6 teratoma-bearing and 8 virgin mice bearing MC-C tumor. (B) P < 0.05 day 18, P < 0.01
days 14 and 22, P < 0.001 day 11. Mean of 6 teratoma-bearing and 12 virgin mice bearing LB tumor. (C) P < 0.05 days 27-42,
P < 0.01 day 45 onwards. Mean of 6 teratoma-bearing and 10 virgin mice bearing C7HI tumor. (D) P < 0.05 days 20-22, P <
0.02 day 18, P < 0.001 day 24. Mean of 6 teratoma-bearing and 12 virgin mice bearing T2280 tumor.

fect on this tumor significantly higher than that ex-
hibited by control serum (Le., when basic hormonal con-
ditions for T2280 tumor growth were provided to the
culture, the existence of inhibitory activity in serum
from advanced pregnancy and from teratoma-bearing
mice was revealed).

SerumAntitumorActivityin Pregnantand Teratoma-Bear-
ingMice. To test whether the antitumor activity found in
serum of pregnant and teratoma-bearing mice was unre-
lated not only to progesterone and estrogen but also to
other pregnancy-associated hormones, kinetics of pro-
gesterone, estrogen, prolactin, FSH, and LH in serum
from both pregnant and teratoma-bearing mice was stud-
ied. As shown in Figure 4, the kinetics of serum antitu-
mor activity during pregnancy was different from that of

any hormone tested. ID effect, while antitumor activity
increased progressively throughout pregnancy and dis-
appeared rapidly after delivery, serum levels of LH and
FSH remained basal, progesterone decayed beyond day
15 of gestation, estrogen only increased near the end of
pregnancy, and prolactin level remained high during the
postpartum suckling periodoMoreover, when partial re-
motion of embryos was carried out, no significant alter-
ation in the pattern of serum hormones was observed
while a sharp decrease in serum antitumor activity was
induced. In the same way, the presence of teratoma did
not induce changes in serum content of progesterone,
estrogen, prolactin, FSH, and LH, although it displayed
a high antitumor activity; this activity was observed in-
dependently of the presence of ovary and adrenal glands.

Serum from pregnant and teratoma-bearing mice did
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Table 4. ~eova:scuIarizaton Induced by Syngeneic Placenta, Neonatal Testis, Peritoneal
Elicited Macropbages (PEM), and Living Tumor Cells in Pregnant Mice

Macroscopic Vessels/cm2 Microscopic VesselslField

Virgin Pregnant

12.6 :t 0.2
(n =8)

5.6 :t 0.6

(n =4)

5.7:t 0.13*
(n =7)

3.7 :t 0.4
(n =4)

Stimulus for neovascularization was given SC in pregnant (10-12 days of gestation) and virgin mice;
5-7 days later, skin was examined and macro- and microscopic vessels counted. Macroscopic vessels
were evaluated at lOx magnification under a dissecting microscope. Microscopic vessels were evaluated
at 150x and 250x magnification using both hematoxylin-eosin stain and antibody against von Willebrand
factor; 20 fields per mouse were examined. Values represent the median:!: SE of n mice.
*p < 0.001.

not contain urea (urease method), creatinine (method of
Jaffe et al.), uric acid (method of Henry, Sobel, and
Kim), or salt content higher than in control serum (data
nO( shown). Content of polyamines was also evaluated
by using high power liquid chromatography: neither
spemridine, spermine, nor n-acetil putrescine displayed
"'2loes higher than in control semm. Content of putres-
cine was significantly higher in pregnant (titer =41O0:t
500 pmoJ/ml, n = 2) than in virgin mice (150 :t 50 pmoll
rnl. '1= 2, P < 0.02); however, no inhibitory effect of pu-
üescine on in vitro LB proliferation was detected even
~~ 2. roncentration of putrescine more than 2000
~ iHgber than present in pregnant serum. Serum
~ .?1~t and teratoma-bearing mice was subjected
;v~:-s:s ~2,500 Da molecular weight cutoff). Antitu-
a:r ~ as recovered only in the dialysable fraction
SIC ~ ID be resistant to heating at 56°C for 30 min

.c :!: _:XfC ftx 5 mino On Sephadex G-15 chromatog-
~"'! ~ ~ ~ at fractions corresponding to
¡~..2:>: ~ ~ weight. No effect on inhibi-
R! ~ "r!$ ,,;ererted when the dialysable fraction
of ~~ ~ '""'2Sincubated with pronase, trypsin,
D~ ~;-~ ~ ghx:osidases (data not shown). On
me ~ ~ ~ ~ lipase (72 U/mi) sharply
increaseri ~ r.:::~ z.aivity from 82.9:t 16.6 to
208.7 ::¡:32..- ::n':r =- P < :"""2, mean :t SE of 4 experi-
ments), ~ ~ ::.~e of a lipid or phos-
pholipid coulci be ~L.:.-::i.

Effect of Anti-li!f=--- ~ :In arder to evaluate
the effect of anti-ñr.L., - '..: .5mgs on the antitumor
activity present in s.::r.E: ~ ;.c~, eight preg-
nant mice were dividerl ~ :e"C ~~, receiving on

days 12 and 13 of gestation an IP inoculation of indo-
methacin (n =4 mice) or none (n =4 mice). On day 14,
mice were bled and the antitumor activity present in se-
rum was tested on the in vitro proliferation of LB tumor
cells. Titer of this activity in pregnant mice treated with
indomethacin was 31:t 9 GIUsoImI,significantly lower
(P < 0.05) than that observed in nontreated pregnant
mice (78:t 2 GIUsolml),while titer of virgin mice was
33 :t 4 GIUsolml (n =3). Treatment with indomethacin
did not alter the development of embryos as tested in
four nontreated and four indomethacin-treated pregnant
mice.

Serum Transfer.Antitumor effect shared by serum
from pregnant and teratoma-bearing mice was assayed
in vivo on LB tumor growth. LB was used as target to
bypass the effects of progesterone and estrogen present
in pregnant serum, taking into account its lack of recep-
tors for these hormones. The following experiment was
carried out: 18 mice received in the right flank a SC
implant of 5 x 104LB cells (day O)and were divided in
three groups of six mice. First and second groups re-
ceived, between days O and 15, a daily IV inoculation
of 0.3-0.5 mi of serum from pregnant and teratoma-
bearing mice, respectively, while the third group received
serum from control virgin mice. A significant inhibition
of LB tumor and prolonged survival were observed in
the first and second groups compared with the controls
(Fig. 5).

DISCUSSION

There has been in the literature a large number of
apparently contradictory reports concerning the effect of

Stimulus for Neovascularization Virgin Pregnant

Placenta 13.0:t 0.3 4.6:t 0.4*
(n = 13) (n = 18)

Testis 18.7:t 1.0 2.5:t 0.4*
(n = 15) (n = 16)

PEM 10.3:t 1.1 2.9:t 0.5*
(n = 10) (n = 10)

MC-C living tumor cells 16.4:t 3.0 13.1 :t 3.0
(n =9) (n =7)

MC-C deac,itumor cells 11.7 :t 1.5 10.0:t 1.8
(n =3) (n =3)

LB living tumor cells 4.5:t 5.0 5.1:t 1.0
(n =8) (n =7)

C7HI living tumor cells 15.3 :t 6.0 13.8 :t 6.0
(n =6) (n =3)
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Table 5. Inhibitory Effect of Serum From Pregnant and Teratoma-Bearing Mice on the In Vitro
Proliferation of MC-C, LB, C7ID, and T2280 Tumor Cells

Inhibitory Activity of Serum on Tumor Cells (GIUjo/mI,mean:l: SE)

T2280

25 :1:3
(n =2)

70:l:2t
(n =2)

67:1:5*

(n =2)

GIUsolm1: titer of growth inhibitory activity defined as the reciprocal of serum dilution producing 50% inhibit:Hm
of ['H]thymidine uptake by cells compared with medium and expressed per milliliter. n =number of individu21

assays. Groups were: virgin mice; pregnant mice at day 5 of gestation, pregnant mice at days 10-15; j'regnani
mice at days 15-21; mice 1-2 days after delivery; virgin mice supplemented with 17 ~-estradiol 10 M (fir
MC-C and LB, concentrations of 10-8-10-7 M were also noninhibitory); virgin mice supplemented with MPA
10-7 M; mice bearing growing teratoma 2000-2500 =3. Target cells: 1-3 x lOs¡well LB tumor cells were
added to the plates simultaneously with serum and ['H]thymidine; MC-C, C7ID, and T2280 tumor cells were
added (0.2-0.3 x 10s¡well) to the plates 24-48 h before serum and ['H]thymidine. T2280 cells were cultured in
the presence of MP A 10-7 M and 17 ~-estradiol 10-9 M.
*p < 0.05.

tP < 0.01 compared with virgin mice.
*P < 0.02.

pregnancy on tumor growth. In effect, numerous clinical
and experimental observations showing that pregnancy
could enhance tumor growth (1-9) have been matched
with other observations, in both human and animal mod-
els, pointing out that pregnancy may have a protective
rather than an aggravating effect on neoplastic disease
(10-16).

In this artic1e,in an attempt to concíliate such para-
doxical reports, the growth of four murine tumors, wide-
Iy differing in histology, etiology, immunogenicity, and
hormonal receptors, was comparatively studied in preg-
nant, teratoma-bearing, and virgin mice. Our study has
c1earIyevidenced the differential effect of pregnancy on
the growth of these four tumors. In effect, MC-C (strong-
Iy immunogenic methycholanthrene-induced fibrosar-
coma) and LB (nonimmunogenic spontaneous Iymphoid
Ieukemia) exhibited slow kinetics throughout the course
of pregnancy, although inhibition was stronger beyond
day 10 of gestation. On the other hand, C7HI (nonimmu-
nogenic MPA-induced mammary adenocarcinoma) ex-
hibited three phases: up to days 8-10 of gestation, the
tumor grew faster than in virgins; between days 8-10
and 15 it reached a pIateau; and beyond day 15 a sharp
reduction in tumor mass was observed. Lastly, T2280
(nonimmunogenic MMTV-induced mammary adenocar-
cinoma) behaved as a typical pregnancy-dependent tu-

mor (i.e., it grew in pregnant but not in virgin n:ñre :
regressed soon after delivery, and reassumed its ~
in the middIe of a second round of pregnancy).

Putative mechanisms under1ying the different effeas
of pregnancy on tumor growth were analyzed. NeiIha
adaptive T-dependent nor nonadaptive (NK and macnr
phages) antitumor immunological effectors were altered
during pregnancy, meaning that conventional immunc:r
Iogical mechanisms would not be involved. Similarl)',
even though in pregnant mice a significant antiangio-
genic effect was observed when neovascularization was
induced by impIants of normal tissues, no significant ef-
fect was detected with tumor implants. This suggested
that the induction of new vessel formation by normal
and tumor tissues differed qualitatiye or quantitatiYe1y
and in turn that the infiuence of pregnanc:y00 mmor
growth would be unrelared 10an amian:giogañc IDf'rl:e-
nism.

The hormonal state mighr explcin, in p:::r..,~ ~
the effects of pregnancy on tbe growrh of tDmOIScaryo-
ing hormonal receptors (C7HI and T"...18G".Ir:.effecr. in
MPA-treated mice exlnlriting semm levels of progeste:r-
one similar lo those found up lo day 16 of pregnancy,
C7HI tumor development was enhanced. and recipro-
cal1y,in estrogen-treated mice exhibiting Ievels of serum
estrogen similar to those observed in advanced preg-

Serum Group MC-C LB C7ID

Virgin 31:1:9 23:1:4 35:1:7
(n =6) (n =7) (n =4)

Pregnant (day 5) 28:1:11 29:1:4 20:1:0.3
(n =2) (n =6) (n =2)

Pregnant (days 10-15) 60:1:6* 71 :I:9t 97 :1:13t
(n =5) (n =16) (n =3)

Pregnant (days >15) 84 :1:7:j: 105 :1:9t 120:1:12t
(n =2) (n =11) (n =2)

After delivery 30:1:8 24:1:6 37:1:8
(n =4) (n =6) (n =2)

Virgin plus estrogen 31:1:6 27:1:3 70:1:5
(n =2) (n =2) (n =2)

Virgin plus progesterone 30:1:3 23:1:0.2 25:1:2
(n =2) (n =2) (n =2)

Teratoma-bearing 65:1:2 75:1:17t 93 :1:19*
(n =2) (n =2) (n =2)
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Figure 5. Inhibition of LB tumor growth in mice treated with
serum from pregnant and teratoma-bearing mice. Eighteen
mice received on day O a SC inoculum of 5 x 104LB tumor
cells and were divided in three groups of 6 mice. Groups 1
and 2 received a daily intravenous inoculum of 0.3-0.5 ml of
serum from advanced pregnancy (O) and from teratoma-bear-
ing mice (O), respectively. Group 3 (control) received similar
treatment but with serum from virgin mice (8). Survival time
(mean:!::SE) was: Group 1: 23.2:!: 0.6 days (P < 0.01 com-
pared with control), group 2: 24.1 :!::1.0 days (P < 0.01 com-
pared with control), and group 3: 20.5:!::0.4 days. Comparison
tumor volume in pregnant versus control: P < 0.02 day 19,
P < 0.01 days 10-16. Comparison tumor volume in teratoma-
bearing versus control: P < 0.02 day 10, P < 0.01 days 16-19.

nancy, C7111tumor growth was inhibited. In conse-
quence, the accelerated course of C7111tumor seen up
to days 8-10 of pregnancy could be associated with an
elevated concentration of serum progesterone and the
dramatic drop of C7HI growth beyond day 15 could be
associated, at least in part, with a rising concentration of
serum estrogen. In the same way, MPA plus estrogen-
treated mice permitted the growth of T2280 tumor, sug-
gesting that its proliferation during pregnancy was as-
sociated with the combined effects of progesterone and
estrogen. However, serum levels of these hormones did
not explain: a) the C7HI tumor growth plateau observed
between days 8-10 and 15 of pregnancy, when proges-
terone concentration was still high and estrogen concen-
tration was stilllow; b) the faster T2280 tumor growth
in MPA plus estrogen-treated virgin mice (pseudopreg-
nant) compared with that observed in pregnant mice;
and c) the inhibitory effect of pregnancy on MC-C and
LB tumor growth, both of which have few or undetect-
able progesterone and estrogen receptors.

In order to understand more thoroughIy the effects
of pregnancy on tumor growth, mechanisms related to
growing embryonal mass were investigated by using ter-
atoma-bearing mice. Our experiments showed that the
growth of the four tumors was retarded in the presence
of a teratoma and that this effect was a function of the
proliferation of the embryonal mass because it was ob-

BUSTUOABAD ET AL.

served with growing large teratomas but not with re-
gressing or small ones. This antitumor effect mediated
by teratoma was similar to that observed in pregnancy
when tumors unresponsive to progesterone and estrogen
were tested. On the other hand, with tumors responsive
to progesterone and estrogen, differences between the
effects of pregnant and teratoma-bearing mice on tumor
growth were evident. This suggested that, during preg-
nancy, there would exist at least two factors potentialiy
acting on tumor growth. First, a progesterone and estro-
gen-mediated hormonal component that would exert ei-
ther inhibitory or stimulatory effects only evidenced on
tumors bearing receptors for these hormones. It cannot
be discarded that in other models other hormones may
be important; for example, in spontaneous and DMBA-
induced rat mammary carcinomas, prolactin or chorionic
gonadotropin may playa significant role (38,39). Sec-
ondly, there would exist an antitumor effect proportional
to the growing embryonal mass, which would limit the
growth of all tumors independentIy of their origin and
hormone responsiveness. This antitumor effect could be
attributed to a serum factor because serum from both
pregnant and teratoma-bearing mice displayed an inhibi-
tory activity on in vitro tumor cell proliferation and on
in vivo tumor growth. The kinetics of this antitumor ac-
tivity in pregnant mice was different than those exhib-
ited by progesterone, estrogen, prolactin, FSH, and LH,
while partial removal of embryos, although inducing a
significant reduction in that activity, did not alter the
pattem of these circulating hormones. Similarly, tera-
toma-bearing mice did not present alterations in those
hormonal serum levels but displayed a high serum anti-
tumor effect, which was observed independentIy of the
presence of ovary and adrenal glands. This antitumor
activity proved to be due to a heat-resistant low molec-
ular weight (1000-1200 Da) factor(s). Interestingly,
pronase-, trypsin-, DNAse-, RNAse-, and glucosidase-
treated serum did not show any reduction in their inhibi-
tory effect. On the other hand, lipase treatment enhanced
this activity. Therefore, this factor(s) would not be a
peptide, a nuclear acid, or a carbohydrate but a deriva-
tive of a lipid or a phospholipid. In addition, treatment
of pregnant mice with indomethacin, a nonsteroidal anti-
inflammatory agent, abolished the serum antitumor ac-
tivity. This indicates that it would be associated with the
pathway of the arachidonic acid metabolism initiated
with cyclo-oxygenase (40). It is unlikely that the well-
known primary products of this pathway, namely prosta-
glandins, prostacyclins, and thromboxanes, are directIy
involved because they are heat labile (41). However, pu-
tative heat-resistant derivatives of these modified fatty
acids, which we are now trying to detect by using differ-
ent eicosanoids affinity columns, could account for this
antitumor effect. This serum factor(s) would not be re-
lated to known small toxic molecules nor antitumor
polypeptides (42-47). Similarly, it is highIy unlikely
that chrorionic gonadotropin could be involved taking
into account its protein nature and its high molecular
weight (near 30000 Da) (48), both features being sharply
different from those of the serum factor described in this
article. As for other articles reporting an antitumor activ-
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ity in the semm of pregnant and teratoma-bea:ing rzrs
and pregnant women (49,50), its relationship ~~ ::nar
reported herein, needs further clarification..

The interplay between the progesterone- and estto-
gen-mediated hormonal component and the sernm fucmr
associated with embryonal mass could accoum fu: sor::Je
of the largely heterogeneous and otherwise ~1zinerl
effects of pregnancy on tumor growth repor.ee i:J¡ ¡he
literature and illustrated by the four tIJID(J[S~
herein. In effect, at the onset of pregnanc)",;he ~-
ing effect of progesterone on C7111tumor ~ coWd
have overcome the low antitumor effect ~ ...¡.j¡
embryonal mass, but afterwards, as gestarioo ~~
and embryonal mass became progressiv~' 1arger. ~
antitumor effect must have exceeded thaI cÍ P'~
one, resulting in the characteristic platean ~ ~
C7111tumor growth between days 8-10 and :5 uf ~
tion; beyond day 15, antitumor and estrogeneE~ =::sr
have reinforced each other to produce the drn:s¡jc~-
ing of tumor tissue occurring near the en<!a; ~-
In the same way, when basic hormonal mr..rE:ino::.c:fur
T2280 tumor development, characteristic c: ~~,
were matched between virgin and pregnam mIc::o;.~ al-
mor not only grew in pseudopregnant "i.~ - acm-
ally grew faster than in pregnant mice. T~ c:rlrl ~
easily explained by assuming that, in Pl~~. ~ ID-
mor promotion effect induced by pro~ ~ ~

trogen was tempered by the antitumor e¡;-e.:cr~M
with embryonal mass. Lastly, as progesteroce zr::.c~
gen were unable to affect the growth of ~fC-C !DI:!:.Jl
tumors, the factor associated with embryc:nz;~ ~-
mained, in this case, the onIy one affecriog ;;:::mor~
during pregnancy, making it unders~ ...;>&:maihi-
tion of these tumors was increased ~ "'""7 ::: 3f
gestation (Le., when embryonal mass W3S ~..

Even though hormonal effects on tIIIJ](r ~u--~ ~e
been carefully investigated (3,21,32.5~ ~ ~..~
underlying the antitumor effect of pregI1Z!iIC~'~
with embryonal mass have received li..~ "" oO<"'L~~ ~
effect is intriguingly similar to the effecr ~~ ~ a
primary tumor against secondary implaoosaf ~ ~ ID-
mor, the so-called concomitant resj~ ~
(19,31,33,52-55). In effect, both ~ 3C ;rinmry
tumor-bearing mice would share an ~~ =x:cha-
nism on the growth of all tumors anrl ~ ~ :adirect
correlation between the primary turIxr ~ aad me
intensity of concomitant resistaI1ce 19.55 ::n ~ szme
way that the more advanced the comse ~ ~ me
more its ability to inhibit tumor ~ ~ ~0Il

was correlated in both pregnant and mmor~ mice
(53), with a decreased number oí ;..~ 2:r:ricm in-
creased number of apoptotic ce11s. ~~- ;:xcision
of a primary tumor induces tbe ~ ni .<a iuu:Jy

dormant secondary tumors (33,55\ j:& 2:S~ of
embryos or even delivery stimuIares ;a: ~ of pre-
viously inhibited tumor implams. Las:u'y :5 ~ bave
previously described, concomitan ~ :s associ-
ated with the presence of a circuJaring :f:acar of Iaw IDO-
lecular weight (31,33,53) witb sir:Iilar ~ ~ that
found in the serum of pregnant mice.. Ii ~ ~ I3Iber
surprising that these analogies were 0Il.'"~ Insread,
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the antitumor effect of pregnancy associated with em-
bryonal mass and antitumor concomitant resistance
migbt be particular cases of a more general phenomenon
tbat has evolved for the detection and control of cell
aberrations, ensuring that cells grow only in the appro-
priate place and to a proper extent. In conclusion, careful
survey of the above-mentioned two components affect-
ing tumor growth during pregnancy, one associated with
hormones and the other with a semm factor related to
embryonal mass, could offer a theoretical framework for
understanding not onIy the complex relationship be-
tween pregnancy and tumor growth but also some of the
still elusive mechanisms of physiological and even tu-
mor homeostasis.
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