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BACKGROUND. Investigations using living human cancer cells and the nude mouse 
model were conducted to evaluate the expression of human chorionic gonadotro- 
pin (hCG) in various cancers grown in vitro and in vivo. The aim was to determine 
whether membrane-associated hCG in any of its forms is a characteristic metastatic 
marker, and at what levels or ratios. 
METHODS. Human cancer cell lines known to produce tumors that metastasize 
spontaneously when grown in nude mice (n = 4) were compared with those that 
do not produce such tumors (n = 4) using analytical (quantitative) flow cytometry. 
Monoclonal antibodies directed to epitopes of intact hCG (hCG-holo) and its sub- 
units, including P-human chorionic gonadotropin with its carboxy-terminal pep- 
tide (hCGP-CTP), allowed for the determination of hCG,B-CTPlhCG-holo ratios. 
RESULTS. No significant difference in hCGP-CTPlhCG-holo ratios was found be- 
tween the cultured human cancer cells that do not metastasize spontaneously 
(ratio = 2.39) and those that do (ratio = 2.13), and no difference was seen in their 
growth rate in nude mice. However, the cells isolated from tumors that do not 
metastasize spontaneously showed a decrease in their ratios to values less than 1. 
They reverted to their original values after reestablishment in culture and subse- 
quent passages. In contrast, the ratios shown by cells isolated from tumors that 
metastasize spontaneously increased to 3 to 6 times their original values in culture, 
then reverted to their original values after reestablishment in culture and subse- 
quent passages. 
CONCLUSIONS. To our knowledge, these data demonstrate the following for the 
first time: 1) There is a direct in vivo correlation between human cancer cells 
that metastasize spontaneously in nude mice and the expression of membrane- 
associated complete hCGP (hCGP-CTP); and the correlation identifies this mole- 
cule as a characteristic metastatic phenotype marker. 2) The marked ratio varia- 
tions under different conditions indicate that the metastatic phenotype is an unsta- 
ble event. 3) Growth and local invasion in vivo correlates with the expression of 
hCG-holo. Cancer 1996; 78:2388-99. 0 1996 American Cancer Society. 

KEYWORDS: human cancer, metastatic phenotype, human chorionic gonadotropin, 
carboxy-terminal peptide. 

sing analytical (quantitative) flow cytometry and a panel of mono- U clonal antibodies (MAb) directed to epitopes located in five differ- 
ent sites of the human chorionic gonadotropin (hCG) molecule, we 
have demonstrated in vitro and in vivo that membrane-associated 
hCG, its subunits, and fragments, constitute an insoluble pool (the 
membrane pool). In this pool, these sialoglycoproteins are an integral 
part of the cell membrane and cannot be extracted unless the mem- 
branes are destroyed by sonication and treated with detergents to 
solubilize the material, in contrast to the secretory hydrophilic (solu- 
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ble) pool (serum and urinary levels of hCG). We have 
also demonstrated that the expression of membrane- 
associated hCG in its different forms is a phenotypic 
characteristic of human cancer cells, regardless of cell 
type or Because of its characteristics, analysis 
of the membrane-associated pool is not a measure- 
ment of the ratio of P-human chorionic gonadotropin 
(hCGP) or a-human chorionic gonadotropin (hCGa) 
biosynthesis. 

We have also demonstrated that the sialoglycopro- 
teins are a product of the malignant transformation, not 
the cause of it. Although benign neoplasms do not ex- 
press these compounds, we and other investigators have 
demonstrated that embryonic and fetal cells also express 
the same materials in vitro and in viv0.4-~ 

The existence of this common biochemical denomi- 
nator and its linkage to the process of development and 
differentiation was corroborated by a demonstration of 
the expression of translatable levels of hCGP mRNA in 
human cancer cells in vitro and in vivo, irrespective of 
type and origin, and in human embryonic and fetal 
cells.'. ' This finding is extremely significant clinically 
because it indicates the feasibility of using hCG, its sub- 
units, and fragments as targets for direct active or passive 
immunization against cancer cells for therapy and possi- 
bly for cancer prevention. On the basis of this work, 
of previous studies demonstrating antigrowth effects of 
anti-hCG vaccines on transplantable solid tumors and 
experimentally, artificially induced and 
of the observation of direct effects of an anti-hCG anti- 
body on the growth of cultured human lung cancer cells 
in nude mice,I4 a vaccine against a synthetic carboxy- 
terminal peptide of hCGP developed for fertility controlI5 
underwent a Phase Ib clinical trial in which its effects in 
a series of patients with various metastatic cancers were 
evaluated. The results of this study showed that measur- 
able responses were obtained in patients with serum 
anti-hCG antibodies above a threshold level. The effects 
observed were not due to antibody mediated cell cyto- 
toxicity or an increase in natural killer cell activity.I6 
Phase 11-111 clinical trials and a Phase I clinical trial of 
a second generation vaccine have already begun. 

Because the clinical pathology of human cancers 
resides mainly in the ability of the cancer cells to me- 
tastasize, an understanding of the biochemical and 
biologic mechanisms involved in the metastatic pro- 
cess in human cancers has become an important area 
in cancer research. Such knowledge may lead to the 
development of means to control the process. There 
is no doubt that by interfering or controlling the meta- 
static process, cancer can be successfully treated or 
even prevented, because primary malignant neo- 
plasms, like benign tumors, can be managed by sur- 
gery alone if surgical intervention is possible. 

While evidence of a direct correlation between the 

expression of hCGP and the metastatic phenotype has 
been supported using the 3230 AC rat mammary carci- 
noma model and artificially produced lung metasta- 
sis,13 all of the in vitro and in vivo findings reported 
thus far have only suggested the existence of a similar 
correlation in human  cancer^.^^""^"^ 

The main obstacle to understanding the func- 
tional mechanisms of cancer in humans has been the 
lack of an adequate in vivo model to study the meta- 
static process. Experimental animal tumors do not me- 
tastasize spontaneously. Most of the existing literature 
is based on studies in congenitally athymic (nude) 
mice, and it is well known that the number of cultured 
human cancer cells that metastasize spontaneously 
when transplanted subcutaneously (s.c.) in nude mice 
is very ~ m a l l . ' ~ - ~ l  While metastases can be brought 
about by orthotopic transplants or by transplants into 
the foot pad, these methods place tumor cells directly 
in contact with the systemic blood supply, and the 
metastases produced are no different from those 
brought about by direct venous injection, thereby fall- 
ing into the category of experimental or artificial me- 
tastases achieved using normal animals. This is of bio- 
logic importance because most of the types of human 
cancers of different origins that constitute the majority 
of human solid tumors metastasize most frequently 
via the lymphatic system. 

To learn whether the expression of membrane- 
associated hCG in any of its forms has any type of 
correlation with the metastatic phenotype and with 
the growth and local invasion of human cancers, we 
used cells from eight established human cancer cell 
lines that can be grown in nude mice, four of which 
develop neoplasms that have been proven to metasta- 
size spontaneously. 17-" The cells were employed in 
the following studies: 

1) A comparison was made of the ratios of membrane- 
associated complete hCGP (hCGP-CTP) to hCG- 
holo (intact or whole hCG), as determined by ana- 
lytical flow cytometry analysis of cultured human 
cancer cells from both groups of cell lines (those 
that do not metastasize spontaneously and those 
that do), to see if there were differences between 
the two groups. We decided on a comparison of the 
hCGP-CTPlhCG-holo ratios because of the well- 
known variability of the absolute number of cells 
expressing a given determinant when cells of differ- 
ent passages, or days, are analyzed.' We have al- 
ready demonstrated that the hCGP-CTPI hCG-holo 
ratios of human cancer cells are highly consistent 
and even independent of culture conditions. This 
is because human cancer cells grown in serumless 
media, using Nutridoma-HU or Nutridoma-SP 
(Boehringer Mannheim Corp., Indianapolis, IN) as 
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TABLE 1 
Ratios of hCGP-CTP to hCG-Holo in Cultured Human Cancer Cells That Can Be Grown in Athymic (Nude) Mice 

ATCC # Cell line Type Origin P 
hCGP-CTPI 
hCG-holo ratiob 

Group A: Cells producing tumors that do not metastasize 
1. CRL 1544 KHOSiNP Osteosarcoma Kirsten sarcoma 139 2.49 
1 a. CRL 1544 KHOSiNP Osteosarcoma Kirsten sarcoma 139 2.88 
2. CCI, 227 sw 620 Ca of colon Lymph node met 91 1.25 
2a. CCL 227 sw 620 Ca of colon Lymph node met 92 2.79 
3. CCL 222 COLO 2115 Ca of colon Ascites fluid 16 1.98 
4. CCL 229 LOVO Ca of colon Met nodule 41 2.96 

Mean _C SD = 2.39 i- 0.66 
Group B: Cells producing tumors that metastasize spontaneously 

Primary (Grade 

Primary (Grade 
5. cnL 1435 PC-3 Ca of prostate IWa 21 2.97 

5a. CR: 1435 PC-3 Ca of prostate Iv) 24 1.55 

I .  CCL 23 HEp-2 Ca of laiynx Primary 369 1.95 
8. CCL 185 A 549 Ca of lung Primary 84 2.12 

6. HTB 2 RT-4 Ca of bladder Primary (Grade I)  180 2.06 

Mean ? SD = 2.13 i- 0.51 

hC(;IJ-CTP: B-human chorionic gonadntropin with its carboxyterminal peptide; hCG-holo: intact or whole hCG; ATCC: American Type Culture Collection; P: passage no.: Ca: Carcinoma: met: metastasis: S D  
standard deviation. 
"Grade giveti by [he ATCC 
"The Pvalue of the difference of the mean ratios between the nvo groups calculated using unpaired Student's t test was 0.49 indicating no difference between the h2'0 groups. 

TABLE 2 
Studies of Latency Period as a Measure of Growth Rate 

ATCC # Cell line Type 
LP (hrs) 

P NC N (mean i SE)" Range 

Group A: Cells producing tumors that do not metastasize 
I .  CRL 1544 KHOSiNP Osteosarcoma 139 3 x in6 9 119 i 12.4 71-190 
la. CRL 1544 KHOSiNP Osteosarcoma 139 3 x loh in 36-155 117.5 i 9.8 
2. CCL 227 sw 620 AdenoCa of Colon 91 1 x 10: 10 102.1 2 17.5 45.9-199.2 
?a. CCL 227 sw 620 AdenoCa of colon 92 1 x in' 10 83.7 i- 1n.i 62.3-158.5 
3. CCL 222 COLO 205 AdenoCa of colon 16 1 x 10: 12 70.3 i- 5.6 61.1 -102.5 
1. CCL 229 LOVO Ca of colon 41 I x ini in 64.8 i 7.7 39.9-128.2 

(hoop B: Cells producing tumors that metastasize spontaneously 
5. CRL 1435 PC-3 AdenoCa of prostate 22 1 x in7 11 162.4 t 30.4 82.9-426.4 
5a. CRL 1435 PC-3 AdenoCa of prostate 24 1 x in; 12 84.2 i- 10.2 37.2- 147.3 
G. HTB 2 RT 4 Ca of bladder 180 I x 10; 12 112.4 i 9.9 61.1 -209.3 
I .  CCL 23 H E P - ~ ~  Ca of larynx 369 I x 10; 12 88.2 i- 1.1 73.4-158.1 
8. CCL 185 A 549 AdenoCa of lung 84 1 x in; 12 53.8-158.1 85.3 2 9.8 

ATCC: American Type Culture Collection; P Passage no.: N C  no. of viable cells injected; N: no. of animals; LP: latency period; SD: standard deviation; AdenoCa: adenocarcinoma; Ca: carcinoma. 
"The mean LP 2 51 of Group A was 92.9 hrs 2 23.47, and the mean LP 5 Sf: of group B was 106.5 hrs t 33.3: unpaired Student's t rest gave a P = 0.85, indicating that the difference of the LP values between 
thc t ivo groups was nor sratistically significant. 
" Reoresellts a Hela-contaminated cell line. 

serum replacement, demonstrate a hCGP-CTPI 
hCG-holo ratio similar to the ratios of cells grown 
under our standard culture conditions.22 

2) A comparison was made of the growth rates of the 
tumors developed by transplants of the cultured 
cells from both groups into nude mice. The rates 
were measured by the latency period (LP), defined 

by Ohsugi et aLZ3 to be the time in hours ? SEM 
from the moment of cell transplant to the appear- 
ance of a tumor measuring 5 mm. The comparison 
was made to determine if there are differences be- 
tween the two groups. 

3) A comparison was made between the results of an- 
alytical flow cytometry analysis of the expression 
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TABLE 3 
Expression of hCG, its Subunits, and Fragments by Cancer Cells Grown in Nude Mice 
Group A Cells That Do Not Metastasize 

Monoclonal antibodies 

MsIgGl % hCGP-CTPI 
EXP Coulter HLe-1 % A105 % B109% BlOB% AS11 % B201 % hCG-holo 
# ATCC cell lines Cell type clone anti-CD45 hCGm-total hCG-holo hCGP-total hCGP-CTP hCGP-free ratio 

CRL 1544iKHOS-NP 
la. Cultuired cells 
b. Cells isolated from tumorsd 

CCL 229iLoVo 
Zd. Cultuied cells 
b. Cells isolated from tumorsa 
c. 
d. 

Cultuied cells from tumors (P3) 
Cultured cells from tumors (P6) 

~ ~~~ 

Osteosarcoma 
NT NT 46.9 30.9 82.6 89.1 69.2 2.88 
NT N l  NT 51 NT 17.6 N1 0.34 

NT NT 56.5 27.8 87.5 82.5 88.3 2.96 
23.3 2.gb NT 35.3 NT 29.1 37.1 0.82 
NT NT 12.7 5.9 NT 65.6 43.1 11.1 
0 0 57.2 17.1 74.9 82.9 76.2 4.85 

Colon carcinoma 

hCG human ch'srionic gonadotropin; hCGfl-CTP hCCg and its carbohy-terminal peptide; holo: intact or whole: Exp: euperiment: ATCC American Type Culture Collection; P passage no.; N T  not tested. 
"The total weight of the tumors were: Exp. lb.: 1.95 g; Exp. 2b.: 2.73 g. 
"Values less than 5% with low fluorescence intensim were considered neaative. 

of membrane-associated hCG, its subunits, and 
fragments and the ratios of membrane-associated 
hCGP-CTP to hCG-holo (a) on the cancer cells from 
both groups before transplantation into nude mice, 
(b) on the cells obtained from the tumors resulting 
from the transplants, and (c) on the cells obtained 
from the tumors subsequently reestablished in cul- 
ture. 

We believed that the results of these three experi- 
ments might show whether differences in the expres- 
sion of membrane-associated hCG, its subunits, and 
fragments and/or the expression of the hCGP-CTPI 
hCG-holo ratios exist between the two groups under 
in vitro and in vivo conditions. 

MATERIALS AND METHODS 
Cultured Human Cancer Cells 
The eighc cell lines studied were obtained from the 
American Type Culture Collection (ATCC, Rockville, 
MD)24 and are listed in Table 1. The cells from all of 
these cell lines have shown the presence of translat- 
able levels of hCGP mRNA. It is paradoxical that the 
cells from three of the four cell lines producing tumors 
that do not have the capability to metastasize sponta- 
neously originated from metastasis, while the four cul- 
tures of cells producing tumors that do metastasize 
spontaneously originated from primary sites. All cell 
cultures were grown under established conditions' in 
RPMI 1640 medium (JRH Biosciences, Lenexa, KS) 
with 10% defined iron supplemented bovine calf se- 
rum (HyClone Labs, Inc., Logan, UT), 2 mM L-gluta- 
mine (Fisher Scientific Co., Pittsburgh, PA), 1 mM so- 
dium pyruvate (JRH Biosciences), and 20 mg/L genta- 

micin sulfate (Sigma Chemical Co., St. Louis, MO). 
Adherent cells were detached using a 0.25% solution 
of trypsin with 0.1% ethylenediamine tetraacetic acid 
(JRH Biosciences) for passage (subculture), flow cy- 
tometry analysis, or transplantation. A hemacytometer 
was used for cell counts, and cell viability was deter- 
mined by dye exclusion with trypan blue. 

Flow Cytometry Analysis 
Expression of membrane-associated hCG, its subunits, 
and fragments was determined using our analytical 
flow cytometry technique.' Briefly, the method em- 
ploys live cells, a double antibody reaction, and a 
Coulter Epics C or Epics Elite flow cytometer (Coulter 
Immunology, Hialeah, FL) with a sensitivity capable 
of detecting as few as lo3 molecules of membrane- 
associated fluorochrome per cell.'5 Coulter Immunom 
software, which subtracts a control fluorescence pro- 
file from the test fluorescence profile when the two 
flow cytometric runs are superimposed, quantitatively 
determines the percentage of cells binding with each 
antibody. 

The amount of membrane-associated hCG or of 
subunits or fragments being expressed, which corre- 
lates with the amount of antibody binding, was esti- 
mated by the intensity of the fluorescence depicted 
in log scale on the abscissa of the two-dimensional 
histograms generated by each single flow cytometric 
run. Instrument performance was controlled by daily 
calibration using the Coulter Immuno-Check3 system. 

A panel of well-characterized, high-affinity murine 
monoclonal antibodies (MAbs) , which recognized dif- 
ferent specific epitopes located in five different sites 
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TABLE 4 
Expression of hCG, Its Subunits, and Fragments by Cancer Cells Grown in Nude Mice 
Group B: Cells That Metastasize Spontaneously 

~~ 

Monoclonal antibodies 

hCGP-CTPI MsIgCl 70 
EXP Coulter HLe-1 % A105% B109% Bl08% AS11 % B201 % hCG-holo 
# ATCC cell lines Cell type clone anti-CD45 hCGa-total hCG-holo hCGP-total hCGP-CTP hCGP-free ratio 

la .  
b. 

d. 

2a. 
b. 

d. 

C. 

C. 

CCL 1851A549 
Cultured cells 
Cells isolated from tumors" 
Cultured cells from tumors (P3) 
Cultured cells from tumors (P71 
CRL 1435iPW 
Cultured cells 
Cells isolated from tumorsd 
Cultured cells from tumors (P3) 
Cultured cells from tumors (P7) 

~~~~~ ~ 

Lung carcinoma 
NT NT 
10.7 3.5a 
8.4 1.3" 
19.5' 0 

NT NT 
7.3 5' 
2.9l 0 
NT 0 

Prostate carcinoma 

81.1 
30 
30 
71.7 

35.3 
26.1 
29.7 
36.5 

40.1 NT 
6.3 NT 
26 NT 
31.4 NT 

15.8 55.7 
12.4 NT 
18.6 54.3 
18.7 60.3 

85 
80.7 
74.9 
85.9 

47 
89.9 
53.2 
74.6 

NT 
NT 
75.9 
85.9 

59.3 
26.1h 
85.1 
55.1 

2.12 
12.8 
2.88 
2.73 

2.97 
7.25 
2.86 
3.98 

hCG: human chorionic gonadotropin; hCGg-CrP: hCGd and its carboxyterrninal peptide; holo: intact or cvhnle; Exp: experiment: SI'CC: American Type Culture Collection; P passage no.; N l  not tested. 
"Values less than 5% with low fluorescence intensity are considered negative. 
"Value not to be considered because of the amount of cell lysis. 
' Represents IOIV fluorescence inteosity. 
"The total weight of the tumors in Exp. 1b. and 2b. were 2.87 and 3.86 g, respectively. 

of the hCG molecule, were used as first a n t i b o d i e ~ . ~ ~ , ~ ~  
These were MAb A105, which binds to an epitope on 
hCGa, free or as part of the dimer (hCGa-total); MAb 
B109, which recognizes a conformational epitope of 
hCG expressed only in hCG-holo; MAb AS11, which 
binds an epitope in the unique carboxy-terminal pep- 
tide (CTP) of hCGP, free or as part of the dimer (hCGP- 
CTP); MAb B108, which binds an epitope of hCGP 
reacting with the subunit as part of the dimer, with 
the free subunit, and with the hCGP core fragment, 
devoid of the CTP, thus measuring the total amount 
of membrane-associated hCGP; and MAb B201, which 
recognizes one epitope of hCGP-free. This last deter- 
minant is only expressed (or available) on the free 
hCGP in any of its forms. MAb AS11 was provided by 
Immuno Therapy Corporation (Santa Ana, CAI. All the 
others were obtained from the Irving Center for Clini- 
cal Research at Columbia University (New York, NY). 

We used an additional MAb with cells isolated 
from the neoplasms grown in the nude mice and with 
their corresponding cells reestablished in culture. This 
was MAb MsIgGl (Coulter Immunology, Hialeah, FL), 
which binds to an epitope of an CUP T cell receptor. 
We found that this antibody binds to cancer cells iso- 
lated from most cancerous human tissues and to cells 
from about 20% of the established cancer cell lines 
tested. The ATCC cell line CCL 185/A 549 was the only 
cell line in this study that showed cells binding this 
MAb. This reagent was used to determine if the synthe- 
sis of the protein presenting this epitope was activated 
in vivo, and if there were differences in its expression 

between the two groups of cultured cells used in this 
study. 

MAb HLe-1 (Becton Dickinson, San Jose, CA), an 
antibody directed against an epitope of the membrane 
antigen CD 45 that is common to all human leuco- 
cytes, including lymphocytes, monocytes, polymor- 
phonuclear cells, eosinophils, and basophils, was also 
used as an immunoglobulin (Ig) G1 control for non- 
specific binding. We have tested and proved that this 
murine MAb does not react with the nude mouse leu- 
cocytes. With the exception of MAb B201, which is an 
IgG2b isotype, all the MAbs used in this study were 
IgGl. A fluorescein isothiocyanate-conjugated F(ab'), 
IgG fraction of goat antimouse antiserum (human ad- 
sorbed) was used as the secondary antibody (Caltag, 
San Francisco, CAI. 

Every reaction with MAb directed against epitopes 
of MsIgG1 and of hCG, its subunits, and fragments was 
done at saturation, using 200 pg of MAb per aliquot of 
lo6 viable cells for each of the antibodies. MAb HLe- 
1 was used at the concentration recommended by the 
manufacturer. Phosphate- buffered saline (PBS) served 
as the diluent for the reagents and as the vehicle for 
the cells. One aliquot of cells in PBS was made to react 
with the second antibody in the absence of the first 
antibody, to determine its specificity as well as the 
control fluorescence profile (PBS control) required for 
the software.' 

Experimental Animals 
All in vivo experiments used mature nude mice of 
Balb/c background and of both sexes, grown and 
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Gating r- 
PBS 
A1 05 
8109 

PBS 

MAb A105 

\- A105 

2 

Gating 
8201 

Gating 
AS11 
8108 

4 l,, 
X AS11 

FIGURE 1. Flow cytometry fluorescence profiles, illustrated by two-dimensional and three-dimensional histograms, show expression of membrane- 
associated a-human and /3-human chorionic gonadotropin (hCGa and hCGP) determinants by cultured human cancer cells from the osteosarcoma cell 
line KHOS/NP (American Type Culture Collection CRL 1544), corresponding to Experiment l a  in Table 3. When transplanted into nude mice, these cells 
produce tumors that do not metastasize spontaneously. In each two-dimensional histogram, the descriptive name and code number of the monoclonal 
antibody (MAb) is in the upper left corner of the panel, and the percentage of cells reacting is in the upper right corner. The number of cells is depicted 
on the ordinate, and the log of the fluorescence intensity is on the abscissa. The total number of events (cells) counted in each flow cytometry run is 
shown below each panel 

maintained in gnotobiotic conditions in our Nude 
Mouse Core Facility. Each mouse was inoculated intra- 
dermally m the right flank with 3 x lofi or 1 x lo7 
viable cells (Table 2). All mice were monitored daily 
for tumor growth, and the time and day that growth 
was detected were noted to determine the LP. Tumor 
size was measured with a caliper. 

For phenotypic analysis by quantitative flow cy- 
tometry, ihe neoplasms were allowed to grow to a 
size no greater than 15 mm, or to the point at which 
surface necrosis first became evident; then the mice 
were euthanized according to the method recom- 
mended by the euthanasia panel of the American Vet- 
erinary Association. Protocols were reviewed and ap- 
proved by our Institutional Animal Care and Use 
Committee. 

Cell Isolation 
The tumors grown in nude mice were excised, minced, 
and incubated for 19 hours, 15 minutes at 5-8 "C (Ta- 
ble 3, Experiment lbl or 1 1/2 hours at 20 "C (Table 3, 
Experiment Zb), all with gentle rotation, in the enzyme 
cocktail of Rong et a1.** In Experiments l b  and 2b 

(Table 41, the tumors were disaggregated using the 
enzyme cocktail of Kedar et al." at 37 "C for 30 minutes 
and 1 1/2 hours, respectively. Conditions of disaggre- 
gation were only important for obtaining an adequate 
number of cells necessary for quantitative flow cytom- 
etry analysis, and did not affect the measurement of 
the expression of membrane-associated hCG, its sub- 
units, and  fragment^.^,^*,*' 

Negative Control Subject 
The cells isolated from a leiomyoma of the uterus, a 
relatively common benign human tumor, were used 
as nonmalignant control subjects for all the flow cy- 
tometry analyses. The cells from this neoplasm were 
disaggregated using the method of Rong et al.'8 

RESULTS 
When we compared hCGP-CTPlhCG-holo ratios in 
cultured cells that produce tumors that do not metas- 
tasize spontaneously (Group A, Table 1) with those of 
cultured cells that produce tumors that are capable of 
metastasizing spontaneously (Group B, Table 11, we 
found that there was no significant difference ( P  = 
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0.49, with Student’s t test) between these two groups, 
irrespective of cell passage number, cell type, or origin 
(Table 1). 

Similarly, we found that the in vivo growth rate as 
measured by the LP in the same two groups of cultured 
cells was not significantly different ( P  = 0.851, indicat- 
ing that the metastatic capability of the cells that me- 
tastasize spontaneously when injected S.C. into nude 
mice was fully independent of their local growth rate 
(Table 2). Therefore, cells capable of metastasis in vivo 
are no different in their local growth rate from cells 
that produce tumors in vivo but are not capable of 
metastasis. 

The results of the in vitro and in vivo studies show- 
ing the expression of the membrane-associated hCG, 
its subunits, and fragments by the cultured human 
cancer cells that do not metastasize spontaneously are 
shown in Table 3 .  The quantitative flow cytometry 
analysis of the cells isolated from the tumors grown 
in nude mice yielded some unexpected results. The 
first experiment showed a complete reversion of the 
hCGP-CTPlhCG-holo ratio, from a ratio greater than 
1 in the cultured cells (Experiment la) to a ratio of 
less than 1 in the cells from the tumors (Experiment 
lb). In other words, the ratios showed a change from 
a high expression of hCGP-CTP (MAb AS111 and low 
expression of hCG-holo (MAb B109) in the cultured 
cells to a low expression of hCGP-CTP and higher ex- 
pression of hCG-holo in the cancer cells isolated from 
the tumors. It should be noted that we did not have 
enough viable cells to use the whole panel of MAbs. 

The flow cytometry analysis of Experiment l a  is 
illustrated in Figure 1. The difference in the reaction 
of MAb AS11 among the cultured cells can be seen in 
the corresponding histograms. The difference is not 
only in the percentage of reacting cells, but also in the 
intensity of the fluorescence that correlates with the 
antigen concentration. 

In Experiment 2 (Table 3 ) ,  we used the LoVo cell 
line (ATCC CCL 2291, which originated from a meta- 
static nodule of a patient with colon carcinoma.’3 The 
results of the analysis of the cultured cells (Experiment 
2a) and of the cells isolated from the tumors grown in 
nude mice (Experiment 2b) were almost identical to 
the results of the preceding experiment. In Experiment 
2, the cells isolated from the tumors were reestablished 
in culture. Analysis of the third passage of these newly 
cultured cells (Experiment 2c) showed a greatly in- 
creased hCGP-CTPlhCG-holo ratio with a concomi- 
tant decrease in hCG-holo values. However, by Pas- 
sage 6 (Experiment 2d), both the ratio and the expres- 
sion of hCG subunits very nearly approached the 
values obtained in the analysis of the original cultured 
cells (Experiment 2a). 

These findings are in agreement with earlier stud- 
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FIGURE 2. (a)Flow cytometry fluorescence profiles show expression of 
membrane-associated a-human and P-human chorionic gonadotropin (hCGa 
and hCGp) determinants by cultured human cancer cells from the adenocarci- 
noma of lung cell line A549 (American Type Culture Collection CCL 185), 
corresponding to Experiment 1 a in Table 4. Tumors produced by subcutaneous 
transplants of these cells in nude mice metastasize spontaneously. (b)Flow 
cytometry fluorescence profiles of the A549 lung cancer cells grown in nude 
mice (Experiment 1 b in Table 4) show expression of the same determinants, 
plus an epitope showing some reactivity with monoclonal antibody (MAb) 
MslgGI. Note the very high increase in the expression of membrane-associated 
hCGp with its carboxy-terminal peptide (hCGp-CTP), MAb AS1 1, in percentage 
and in fluorescence intensity. There is a concomitant decrease, almost to 
undetectable levels, of the intact or whole hCG (hCG-holo), MAb B109, giving 
a ratio of hCGp-CTPlhCG-holo of 12.8. (c) Flow cytometry fluorescence profiles 
show expression of the same epitopes in Passage 3 of the A549 cancer cells 
reestablished from the cells isolated from the tumors grown in nude mice 
(Experiment I c ,  Table 4). Note that the expression of hCGp-CTP in relation to 
hCG-holo is returning to a ratio similar to the one obtained from the CellS 
before transplantation. 

ies of the secretion and excretion of hCG and its sub- 
units by eutopic and ectopic hCG-producing cancer 
cells in culture and in the nude mouse model, in which 
radioimmunoassays and rabbit antisera were directed 
against hCGa, hCGP, hCG-holo, hCGP-CTP (15 termi- 
nal amino acids), and sodium dodecyl sulfate/poly- 



Membrane hCGp-CTP, Metastatic Phenotype MarkedAcevedo and Hartsock 2395 

b 
2 

Gating 

Coulter Clone Control 10.7% 
MAb Ms IgG, I 

I anti-Leucocyte Antigen 3.5%' 
MAb HLe-'I 

I I c A 
- - - I_ - . 

I Coulter Clone Control 
1 MAbMsIgG, I 

8 4 4  

r' 

anti-hCGu-total 30.0% 1 
\ , MAbAl05 

I-- PBS 

!- A105 

anti-hCGa-total 30.0% 
MAbA105 

anti-hCG-holO 6.3% 
MAb 81 09 

~~ 

anti-hCGB-CTP 80.7% I 
MAb AS1 1 

I 

1 anti-hCG-holo 26.0% i 
i MAbB109 i , I 

i 
j 

r n 8  

I anti-hCGp-CTP 
MAb AS11 

anti-hCGp-free 75.9% I 
MAb 8201 I 

-__ 7x----- B109 

8201 

FIGURE 2. (continued) 

acrylamide gel electrophoresis. The results of those 
earlier in vitro and in vivo studies revealed a shift to- 
ward production of hCG-holo and a decrease in the 
free subunit production in the nude mice as compared 
with the pattern observed for cultured c e l l ~ . ~ O - ~ ~  The 
cultured cells used in those studies were not capable 
of metastasizing spontaneously. 

The expression of membrane-associated hCG, its 

subunits, and fragments by cancer cells that are capa- 
ble of metastasizing spontaneously in nude mice is 
outlined in Table 4. The flow cytometry analysis of the 
cells from the two cell lines investigated, A549 (ATCC 
CCL 185) and PC3 (ATCC CRL 14351, in Experiments 
l a  and 2a, respectively (as shown in Table 41, gave 
results that were similar to those seen in all the cul- 
tured cells studied to date'!' (Tables l and 3, Experi- 
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FIGURE 3. Flow cytornetry fluorescence profiles of the cells from the 
benign leiomyorna of the uterus show the lack of reactivity with all the 
monoclonal antibodies used. 

ments l a  and 2a). In contrast to the results of the 
preceding experiments (Table 3, Experiments l b  and 
2b), the results obtained from the analysis of tumors 
grown in nude mice (Table 4, Experiments l b  and 2b) 
revealed a three- to sixfold increase in the hCGP-CTPI 
hCG-holo ratios, with a concomitant decrease in the 
overall expression of hCG-holo. This was revealed not 
only in the percentage of cells expressing the confor- 
mational epitope recognized by MAb B109, but also 
in the fluorescence intensity. This is illustrated in Fig- 
ure 2, which shows the flow cytometry analysis of the 
A549 cell line with the fluorescence profiles of the reac- 
tions of each of the MAbs used in each experiment 
(la, lb,  and lc). The cells from the tumors that were 
reestablished in culture reverted rapidly to values sim- 

ilar to those seen before transplantation (Table 4, Ex- 
periments lc, Id, 2c, and 2d). 

The determinant reacting with MAb MsIgGl was 
expressed by the cells isolated from all the malignant 
tumors. When the tumor cells were reestablished in 
culture, expression of this determinant was undetect- 
able in the LoVo and PC3 cells (Tables 3 and 4, respec- 
tively), whereas its level of expression was maintained 
by the A549 cells, one of the ATCC cell lines that has 
shown reactivity with this MAb. These results indicate 
that the synthesis of some membrane-associated pro- 
teins by these cultured human cancer cells can be 
activated by in vivo conditions. They also demonstrate 
that the variability of the expression of membrane- 
associated hCG, its subunits, and fragments under dif- 
ferent conditions is not a unique characteristic of these 
particular proteins. 

In contrast to all the results of flow cytometry 
analysis of the cells isolated from the human malig- 
nant neoplasms grown in nude mice, analysis of the 
cells isolated from the benign human tumor, depicted 
in Figure 3,  demonstrated that this nonmalignant neo- 
plasm did not reveal detectable levels of membrane- 
associated hCGP-CTP or hCG-holo determinants or of 
epitopes reacting with HLe-1 or MsIgGl MAbs. 

DISCUSSION 
Our experiments using the nude mouse model have 
demonstrated the existence of a direct correlation be- 
tween the expression of membrane-associated hCG, 
its subunits, and fragments and the two major charac- 
teristics of the cancer process: local invasion (primary 
malignant growth) and development of metastasis. 

In the in vivo experiments, the hCGP-CTPIhCG- 
holo ratios demonstrated that the expression of mem- 
brane-associated hCG-holo (MAb B109) appears to 
represent the primary malignant growth phenotype, 
whereas the expression of hCGP in its complete form, 
hCGP-CTP (MAb ASll), correlates more closely with 
the metastatic phenotype. The concomitant low ex- 
pression of the conformation-dependent epitope re- 
acting with MAb B109 indicates that a larger amount 
of the hCGP-CTP expressed in the membrane of the 
cells that are capable of metastasizing spontaneously 
in the nude mice appears to be in the free form, as 
substantiated by the results obtained with MAb B201. 

The experiments using cells isolated from the be- 
nign neoplasm, which showed a complete lack of reac- 
tivity with all the MAbs used, demonstrated not only 
the specificity of the reactions, but also that the pres- 
ence of membrane-associated hCG in any of its forms 
is indeed an in vivo phenotypic characteristic of hu- 
man cancer cells. 

The correlation of the metastatic phenotype with 
the expression of membrane-associated hCGP in its 
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complele form (hCGP-CTP) is of great importance be- 
cause the CTP is the part of the molecule that has the 
highest degree of sialylation in the four oligosaccha- 
ride chains attached to serine residues 121, 127, 132, 
and 138. Thus, the greater the expression of mem- 
brane-associated hCGP-CTP, the higher the potential 
for sialylation on the cell membrane, conferring a 
greater negative electric charge. These findings agree 
with previous studies that demonstrated that the met- 
astatic potential of different cultured murine tumor 
cell lines correlated with the amount of cell surface 
sialylation and increased negative charge on the cell 
surfaceJ5 i6 and consequent reduction or elimination 
of monocyte, macrophage, and natural killer cell activ- 
i t i e~ . ’~  ’’ 

The phenotypic changes observed in the cultured 
human cancer cells after transplantation and on the 
cells frorn the cultures reestablished from the tumors 
strongly support the theories of Harris et aL40 and 
Weiss et al.,41 42 who considered the metastatic pheno- 
type to be an inefficient process that is only expressed 
transiently and can be rapidly lost under nonselective 
conditions. In other words, the metastatic phenotype 
is an unstable event. 

Finally, we have to consider the fact that only 115 
(less than 30%) of all available ATCC human cancer 
cell lines are tumorigenic in nude mice, and only six 
of them produce neoplasms that metastasize sponta- 
neously. These differences may be related to the in- 
trinsic physiologic and immunologic characteristics of 
the nude mice. While these animals are incapable of 
producing IgG antibodies against hCG, they can still 
recognize human cells in xenographic transplants, due 
to a functionally sound macrophage system and pres- 
ence of B- lymphocytes that can produce IgM antibod- 
ies after challenging with anti-hCG vaccine or pure 
hCG.43 It IS possible that because of the large number 
of cells implanted in our experiments, the defense 
mechanisms of the host nude mice may have caused 
a process (of selection that enabled two different popu- 
lations to survive the encapsulation of the trans- 
planted cells. Thus, it appears that the most predomi- 
nant clone, the one that expresses more hCG-holo, 
will grow continually and eventually invade and kill 
the host, while the other clone will produce cells that 
are capable of metastasizing spontaneously. 

The growth effects of whole hCG on cultured ma- 
lignant cells were reported for the first time in 1983 
by Melmed and Braunstein, who used NB-2 rat 
lymphoma cells.44 Shortly after that, similar effects of 
hCG in vitro and in vivo with Erlich’s carcinoma and 
sarcoma- 180 cells were reported by Mukherjee and 
D ~ s , ~ ~  whereas Raikow et al. reported an increase of 
approximately 100% in the growth of the AD-755 
mouse mammary carcinoma cells in ~ i t r o . ~ ~  All these 

exogenous effects of hCG occurred in cancer cells that 
do not express hCG-hLH membrane receptors. Inter- 
nalization of the hydrophilic hCG-holo (the hormone) 
can take place easily by pynocytosis of extracellular 
fluid. Finally, the growth effects of hCG-holo were 
demonstrated in a noteworthy manner by Rivera et 
al.,47 who showed the loss of the tumorigenic potential 
of human cultured lung cancer cells (ChaGo cells) that 
synthesize large amounts of hCGa by treating of the 
cells with antisense RNA specific to hCGa. 

The recent elucidation of the complete structure 
of hCG and its subunits by Wu et aL4’ and by Lap- 
thorne et al.,49 and their unexpected finding of the 
formation of a cystine knot structural motif in each 
subunit, has provided the most likely explanation for 
these growth effects of the dimeric hormone (hCG- 
holo). The motif ensures that the fold of the first 90 
amino acid residues of hCGP is similar to that of 
hCGa. The investigators described that this topology 
is similar to that found in some growth factors, 
namely, Nerve Growth Factor, Transforming Growth 
Factor 0, and Platelet Derived Growth Factor. It 
seems, therefore, that cancer cells may indeed have 
the capability to regulate their own growth, an idea 
expressed for the first time in 1983 by Melmed and 
B r a u n ~ t e i n . ~ ~  
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