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Abstract
The present study aimed to explore the possibility of developing a immuno-imaging/therapeutic agent 
for hCG-expressing tumors by using antibodies raised against them. Three human cancer cell lines were 
selected: lung adenocarcinoma (A549), glioblastoma (U87MG) and breast cancer (MCF7). Anti-β-hCG 
monoclonal antibody, obtained from ascitic fluid, was purified by affinity chromatography followed 
by characterization and titration. Ectopic expression of hCG on these cell lines was tested by flow cy-
tometry and in-vitro cytotoxicity with antibodies was tested by MTT assay on the cell line with the 
highest percentage binding. For positive and negative controls, immortalized trophoblast cells (SW71) 
and peripheral blood monocytes were used. Antibody was then radiolabeled with lutetium-177 (177Lu) 
and in vivo biodistribution studies were conducted in murine tumor model. Antibodies could be puri-
fied to homogeneity with a concentration 28mg/mL. Percentage receptor expression on A549, U87MG 
and MCF7 cells was 95%, 66% and 55% respectively. About 90% of A549 cells could be killed with anti-
body at 72h post-treatment. No cytotoxicity was observed on SW71 despite a high binding percentage 
(96%). Antibodies were radiolabeled with high efficiency (~98%). In-vivo studies using radiolabeled 
antibodies showed hepato-biliary excretion route and significant uptake in A549 tumor. In conclusion, 
among the 3 cancer cell lines, lung adenocarcinoma significantly expresses β-hCG and shows dose de-
pendent cytotoxicity with anti-β-hCG antibody. Radiolabeling of this antibody can aid in imaging and 
also has the potential of enhancing its therapeutic potential. This study provides a platform for further 
studies for targeted radio-immuno imaging and subsequent therapy of hCG-expressing cancers.  

Introduction

T he presence of a gonad-stimulating substance in the blood and urine of a preg-
nant woman was first demonstrated by S. Aschheim and B. Zondek in 1927, the 
first bioassay for human chorionic gonadotropin (hCG) hormone and it was this 

named as Ascheim Zondek pregnancy test [1, 2]. Since then this hormone has been stud-
ied extensively by various research groups from all over the world resulting in our present 
day knowledge of hCG. Human chorionic gonadotropin is a non-covalently linked het-
erodimeric glycoprotein with an alpha (-α) subunit identical to that of luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), and thyroid-stimulating hormone (TSH), and a 
beta (-β) subunit unique to hCG conferring biological activity with 2 subunits - α and -β. Its 
role in implantation of the embryo onto the uterus and in maintenancing the promotion 
of pregnancy is well established. 

However, expression of hCG and its subunits (-α and -β) has, recently, been reported in 
a variety of cancers such as lung cancer [3], bladder carcinoma [4], colorectal carcinoma 
[5], pancreatic carcinoma [6], breast cancer [7], cervical carcinoma [8], oral cancers [9], vul-
va/vaginal cancers [10], prostate cancer [11] and gastric carcinomas [12]. Both germ cell 
(trophoblastic) and non-germ cell (non-trophoblastic) tumors express hCG. While most 
placental and germ cell tumors produce holo-hormone hCG, the epithelial tumors mostly 
express free -β subunit. The free -β subunit (hCGβ) is reported to be the most abundantly 
expressed form of immunoreactive hCG owing to its unique chain structure unlike hCGα 
that shares structural similarities with LH and FSH [13-16]. 

In addition, many authors have commented on the aggressive nature of the hCGβ-
positive tumors having the tendency to resist to radiotherapy and to develop metastases 
[17-18]. The role of hCG on cancer cells is not completely understood and is related to its 
property of promoting cellular differentiation/proliferation. It is, therefore, postulated that 
antibodies against hCG have potential of use as new therapeutic options for advanced 
stage, hCG expressing tumors. Human CG or its subunits secretion is detected in many 
drug refractory, radio-resistant and hormone refractory cancers. It plays a key role in the 
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thus, meeting the scientific aims of the present study. 
The antibodies from mouse ascites were purified by Af-

finity Chromatography using Protein A column. Briefly, the 
mouse ascitic fluid was centrifuged at 10,000rpm for 5min. 
The supernatant was collected and diluted with phosphate 
buffered saline (PBS, pH 8). The diluted supernatant was in-
cubated overnight at 4oC with protein A beads (Biodex). The 
beads were then packed in a glass column and washed with 
PBS. The column was eluted with 10mL of 0.1M glycine (pH 
2-3) and neutralized to pH 7. Ten aliquots of 1mL each were 
collected and characterized. 

Characterization
The aliquots collected were pooled together and character-
ized by 12.5% sodium dodecyl sulfate poly-acrylamide gel 
electrophoresis (SDS-PAGE) and by Western Blot technique 
in order to obtain the protein bands. A medium weight 
protein marker was used. The concentration of antibody as 
determined by bicinchoninic acid (BCA kit, Sigma Co.) was 
28mg/mL. The protein peaks were analyzed under non-re-
ducing conditions on SDS-PAGE gel and by Western Blot 
technique at 90-100kV. The aliquots were titrated by BCA 
assay. The assay was read on ELISA reader (FLUOstar omega 
BMG labtech) at 540nm with a reference of 690nm. 

Immunoreactivity 
Four μg of hCGβ was coated in each well of a microtitre ELISA 
plate by incubating at 37°C for 2h followed by washing with 
PBS Tween detergent. The wells were then blocked with 1% 
aqueous solution bovine serum albumin (BSA; 100μL) for 1h 
at 37°C. Equal amounts of anti-hCGβ monoclonal antibodies 
were then added to the wells and incubated for 1h at 37°C 
followed by washing with PBS Tween. Then secondary goat 
anti-mouse antibodies were added and washed with PBS 
Tween after 1h incubation at 37°C. The color was developed 
with orthophenyldiamine (OPD) solution. The reaction was 
terminated with 5 N sulphuric acid and the plate was read on 
an ELISA reader (FLUOstar omega BMG labtech) at 490nm. 

In-vitro binding of mAb with cell membrane 
American Type Culture Collection (ATCC) certified cell lines 
A549, U87MG and MCF7 were grown in culture in Dulbecco’s 
Modified Eagle Media (DMEM) supplemented with 10% fetal 
calf serum (FCS). The cells were harvested by trypsinization 
when a single cell suspension was formed. 

Flow cytometry is able to assess and quantify hCGβ ex-
pression using fluorochromes: In-vitro receptor expression 
of hCG receptors on these cancer cell lines was tested by 
Flow Assorted Cell Sorting (FACS) (Becton Dickenson FACS 
calibur). Briefly, tumor cells (0.5x106) were incubated for 
30min at 4°C with 5µg of anti-hCGβ monoclonal antibody 
in 100µL of FACS buffer (1% bovine serum albumin, 0.02% 
sodium azide in PBS). After washing thrice with FACS buffer, 
the cells were stained by incubating with goat anti-mouse 
immunoglobulins (IgG) Fc (γ) conjugated to fluorescein iso-
thio-cyanate (FITC) in 1:100 dilution in 100μL FACS buffer 
for 30min at 4°C. For positive control SW71 cells (immortal-
ized trophoblast cell line) were used while peripheral blood 
monocytes (PBMC) were used as a negative control and Con-
trol cells were similarly processed. 

FACS acquisition was carried out on Becton Dickenson 
FACS Calibur on Cell Quest Pro software and analyzed by 
FlowJo 6.1.1 software. 

sustenance, and proliferation, migration, and invasiveness of 
tumor cells. 

Moreover, several reports substantiate a strong correlation 
between hCGβ over-expression and the promotion of ang-
iogenesis and the inhibition of apoptotic signaling pathways 
such as down-regulation of Fas, Fas ligand, Bax, and p53 in 
response to hCGβ. Furthermore, hCGβ over-expression has 
also been reportedly related to the promotion of migration 
and invasion of carcinogenic cells, essentially, by decreasing 
E-cadherin expression conferring thus, a more metastatic 
phenotype of tumor cells [19-21]. E-cadherin, type I trans-
memberanal protein found in epithelial tissue, is responsible 
for epithelial cell-cell adhesion and is also an invasion sup-
pressor. Ectopic expression of hCGβ occurs in the 20%-40% 
of cancers arising from mucosal epithelia, acting more as an 
autocrine angiogenic and anti-apoptotic growth factor [18] 
or as a tumor-associated antigen [22]. 

It is hypothesized that hCGβ acts through antagonizing 
the TGFβ receptor, [17] since only intact hCG can stimulate 
the LH/hCG receptor even if the latter is expressed in hCG-
positive tumors [18]. The apoptotic effect of TGFβ-1 is known 
to be counteracted by hCG.  High micro-vessel density in 
hCG expressing cancers is also attributed to hCG and its 
subunits [23]. 

More recently hCG has been reported to be involved in 
activation of intracellular AKT/mTORC1 signalling pathway 
thus assissting in cell proliferation [24]. 

Based on these facts, we designed our study aim to evalu-
ate the binding of monoclonal anti-hCGβ antibodies with 
the surface membrane of three human cancer cell lines and 
further assess their cytotoxic effect, on them. This antibody 
has association constant of 3Χ1010 M-1 for hCG and is specific 
to -β subunit of hCG. It does not recognize LH or FSH and 
has <5% cross reactivity with LH even though the -α chain 
sequence is similar for these three hormones. They are pos-
tulated to have a potential use as new therapeutic option for 
advanced stage of hCG-expressing tumors. 

For our study we selected terminal cancer cells, which are 
at present drug and hormone refractory, that is, A549 (hu-
man lung adenocarcinoma), U87MG (human glioblastoma) 
and MCF7 (breast cancer). These are among the most com-
mon cancers with a high mortality rate. As positive control 
immortalized trophoblast cells SW71 were used. Peripheral 
blood monocytes (PBMC) were used as negative control.

Materials and methods

Monoclonal anti-hCGβ antibodies were kindly gifted by Tal-
war Research Foundation (New Delhi, India). Protein-A beads 
were bought from Biodex, BCA kit was bought from Sigma 
and the radionuclide used lutetium-177 (177Lu) was procured 
from Bhabha Atomic Research Centre/ Board of Radiation 
and Isotope Technology (BARC/ BRIT, Mumbai, India). All 
other chemicals were of analytical grade.

Purification of antibodies
Although in vitro techniques are used for mAb production 
in more than 90% of cases, they are not suitable in all situ-
ations, especially if large numbers of antibodies have to be 
screened for efficacy. Therefore, the mouse ascites method 
for mAb production was preferred, yielding a higher con-
centration of antibodies than hybridoma cell culture and 
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ing of cell with antibody and mean percent cytotoxicity was 
tested by one-way ANOVA test. P value <0.05 was consid-
ered significant.

Results 

Purification and characterization
The antibodies from the ascitic fluid were purified with 
protein A column and the aliquots collected were pooled 
together and characterized by SDS PAGE and Western Blot. 
Protein bands obtained in SDS PAGE and Western Blot are 
shown in Figures 1 and 2. The antibodies were purified to a 
state of homogeneity with distinct light and heavy bands. 
The H and L band correspond to the heavy and light chains 
of the IgG antibody. A medium weight protein marker was 
used. The concentration of antibody as determined by BCA 
assay was 28mg/mL. 

Figure 1. SDS PAGE of anti-hCGβ antibodies (right) and protein ladder (left); H 
and L correspond to the heavy and light chains of the mAb.

Figure 2. Western Blot of anti-hCGβ antibodies (left) and protein ladder (right).

In-vitro binding of mAb with cell membrane 
The overlay graphs of in vitro binding studies done by flow 
cytometry on A549, U87MG, MCF7, SW71 cells and PBMC 
are shown in Figures 3, 4 and 5. It was observed that a to-
tal of 95.8% of A549 cells showed expression of receptors 
for anti-β-hCG monoclonal antibody (mAb) (Fig. 3A). SW71 
showed 95.3% receptor expression (Fig. 4). However, the 
negative control cell line PBMC showed very a non-specific 

In-vitro cytotoxicity 
To assess the toxic effect of anti-hCGβ monoclonal antibod-
ies on the A549-cell line, that is with the highest percentage 
expression binding, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay was performed. Briefly, 
3x103cells/well were seeded in a 96-well culture plate. Three 
wells containing only media were used as control in each 
plate (representing the blanks for absorbance readings). 
Once cells adhered to the culture plate (37°C in a humidi-
fied atmosphere), antibodies were added in each well start-
ing from 8μg (1:50 dilution) dose and diluted to half subse-
quently till 1:1600 dilution was achieved. All the doses were 
added plated in triplicates sets. 

The same procedure was followed to test the cytotoxic ef-
fect of anti-β-hCG monoclonal antibodies on the non-can-
cerous SW71 cell line. Processed cells were incubated at 37°C 
in a humidified atmosphere for 72h, allowing mAb to take 
effect. The cells were subjected to MTT assay at 72h post-an-
tibody treatment when a visible change was observed under 
microscope. After removing of 50µL of media from each well 
and 25µL of MTT reagent solution was added to each well, 
including controls. 

MTT solution was prepared by dissolving MTT salt (Sig-
ma Co.) in MilliQ water at a concentration of 5mg/mL and 
stored at 4°C in dark. The plate was incubated in dark for 
4h at 37°C in a humidified atmosphere, allowing MTT to be 
metabolized. After 4h, 75µL of dimethyl sulfoxide (DMSO) 
was added to each well for dissolution of the formazan dye 
crystals and incubated for 5-10min. The plate was read on an 
ELISA reader (FLUOstar omega BMG labtech) at 550nm and 
Optical Density (OD) for each well was recorded, including 
controls. For accuracy of results, cytotoxic effect was also 
seen by trypan blue exclusion test. Trypan blue dye exclu-
sion test was performed in order to distinguish between live 
and dead cells, enhancing assay accuracy.

Radiolabeling and in-vivo imaging 
The monoclonal antibody (mAb) was labeled with 177Lu (pro-
cured from BRIT /BARC, Mumbai, India) as per the method 
described by Bander et al [25] and Pan et al [26]. Briefly, the 
purified antibody was first conjugated with DOTA (1,4,7,10-
tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid), a the 
macrocyclic chelating agent. Antibody-DOTA conjugate 
complex was labeled with 177Lu in an ammonium acetate 
buffer and radiolabeled antibody was sterilized by mem-
brane filtration before administration. The labeling yield was 
determined by thin-layer chromatography. The labeling ef-
ficiency of the 177Lu labeled mAb-DOTA conjugate was found 
to be ~97.8%; ensuring adequate immunoreactivity.

For the in-vivo studies, ethical clearance was obtained 
from Institutional Animal Ethics Committee. For inoculation 
of tumor, 4-5x106 A549 cells suspended in phosphate buff-
ered saline were injected subcutaneously in the thigh of 
male wistar albino rats (150-200g) after immune-system sup-
pression by whole body irradiation with high-energy X-rays. 
Around 7.4MBq of radiolabeled mAb was injected through 
tail vein. To observe assess the mAb biodistribustion; images 
were acquired 2h post-injection using a dual head gamma-
camera (Symbia by Siemens).

Statistical analysis
Percentage cytotoxicity was expressed by mean ± stand-

ard deviation (SD). The difference between the percent bind-
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Figure 6. Dose dependent cytotoxicity of anti-hCGβ antibodies on (A) lung can-
cer cells (A549) and (B) normal trophoblast cells (SW71). 
 

Figure 7. Micrographs of A549 cells before (A) and after (B) treatment with anti-
hCGβ antibodies.

peak pattern of a non-specific binding (~3%-4%) with anti-
hCGβ mAb as shown in Figure 5. U87MG cells showed 66% 
binding with a single peak (Fig. 3B) while MCF7 showed 55% 
binding (Fig. 3C). 

Figure 3. Binding profile of anti-hCGβ antibodies with (A) A549 cells (lung ad-
enocarcinoma); (B) U87MG (glioblastoma) and (C) MCF7 (breast cancer).

In vitro cytotoxicity
Since A549 had the maximum binding percentage with 
the antibody, further studies were done with A549 cell 
line. A dose dependent cytotoxicity was observed with 
the highest killing of 95.8±4.78% cells was observed at 
1:50 dilution (8 μg) (Fig. 6A and B). The micrographs of 
A549 cells before and after treatment with anti-β-hCG are 
shown in Figure 7. 

On the other hand, compared to A549, the cytotoxic effect 
of anti-β-hCG monoclonal antibodies on normal trophoblast 
cells SW71 was very low, that is, 16.94±6.81% (P<0.01) at the 
same concentration of 1:50 dilution (Fig. 6). 

The MTT results were confirmed by trypan blue exclusion 
test, which yielded similar results.
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Figure 4. Binding profile of anti-hCGβ antibodies with SW71 cells (trophoblast 
cells).

Figure 5. Binding profile of anti-hCGβ antibodies with PBMC cells (peripheral 
blood monocytes).
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ent cell cytotoxicity. In the present study, since no comple-
ment was added to the incubation mixture, so the cytotoxic-
ity action of antibodies observed on A549 cells could be was 
attributed to antigen-dependent cell mediated cytotoxicity. 
The lack of 100% cytotoxicity may be due to the inability of 
all cancer cells to bind with the antibody attributed to their 
heterogeneous nature. The heterogeneity of expression of 
hCG on surface of tumor cells is indicated by FACS studies. 
Some authors have shown killing of leukemia cells by curcu-
min- anti-hCGβ monoclonal antibody complex [31]. 

Binding affinity data alone does not determine the overall 
potency of a drug, thus the in vitro cytotoxicity tests were 
performed. The cytotoxicity of anti-hCGβ antibody to nor-
mal cells expressing holo-hCG was negligible, while the 
same antibody had a strong (significantly higher P<0.01) cy-
totoxic effect against malignant cells. This might be because 
of expression of holo-hormone by cells with trophoblastic 
origin unlike non-trophoblastic cells, which mostly express 
free β subunit of hCG [12-14]. The mechanism behind this 
behavior was not studied in the present study. However, this 
phenomenon is quite favorable advocating the use of anti-
hCGβ antibody as a targeted therapeutic agent.

The observed biodistribution of radiolabeled antibodies 
was in agreement with other studies [32]. Lutetium-177 la-
beled anti-β-hCG mAb can be used for imaging as well as 
therapy of lung adenocarcinoma. Furthermore, it can be 
used for post-therapy response evaluation. Further experi-
mental studies for the 3 specific cancers studied and for 
other drug-refractory cancers are welcome.

In conclusion, of the selected cancer cell lines, human lung 
adenocarcinoma had the highest binding affinity for anti-
β-hCG mAb. This study indicates that these cells not only 
express -β subunit of hCG but can also be killed by antibod-
ies raised against it, via antigen dependent cell cytotoxicity 
mechanism. The antibody could be successfully labeled with 
177Lu that could further be used to increase and improve the 
therapeutic efficacy. The present study establishes in mice 
the therapeutic role of anti-hCG-antibodies in terminal can-
cers expressing hCG and provides a platform for the devel-
opment of an immunotherapeutic or radio-immunothera-
peutic drug for human use. 
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