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SUMMARY 

Human Namalwa cells were screened in serum-free medium and in 6-thioguanine, then fused with human 
lymphocytes from lymph nodes of lung adenocarcinoma cancer patients. Extensive testing using 14 lung cancer 
cell lines, 11 other cancer cell lines and 4 normal fibroblast lines identified monoclonal antibodies produced by 4 
hybridoma clones that reacted specifically with lung adenocarcinoma cells. These monoclonal antibodies also 
reacted with lung adenocarcinoma tissues and not normal tissues or erythrocytes of any blood type. These 
hybridoma clones grew and stably secreted the antibodies in serum-free medium as well as in serum-containing 
medium. 
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INTRODUCTION 

The technology developed by Kohler and Milstein (10) 
for preparing antibody-secreting hybridomas has led to 
attempts to obtain monoclonal antibodies (MoAb) specific to 
human cancer for diagnostic and therapeutic uses. Some of the 
MoAb originating from mouse-mouse hybridomas are report- 
ed to be applicable to this end (1,4,7-9,12,16,17,19,20L How- 
ever, human MoAb so far reported against lung cancer are 
few (6,18). For example Glassy et ai. (6) have reported that 
the WLNA6 MoAb reacted strongly with T293, an oat cell 
carcinoma of the lung, had weak reactivity with the HeLa 
and CaSki cervical carcinoma cell lines, and had no reactivity 
with lung carcinoma Calu-1, prostate carcinoma Ln-Cap, or 
WI-38 and 350Q normal fibroblasts. Sikora et al. (18) have 
also shown that specificity studies on 12 MoAb clearly show a 
wide range of weak binding to G/CCM glioma, MOR lung 
adenocarcinoma, Calu-I squamous cell lung carcinoma and 
HT29 coiorectal carcinoma. However, human MoAb highly 
specific for lung adenocarcinoma have not yet been reported. 
It is important to make such MoAb since almost half of lung 
cancer patients suffer from adenocarcinoma. To make specific 
MoAb-secreting hybridomas, we first used a HAT-sensitive 
human iymphoma cell line (NAT-30) from Namalwa cells as a 
fusion partner with B-lymphocytes. The NAT-30 not only 
gave fusion efficiency comparable to the LICR-LON-HMy2 
lymphoblastoid line (14k SKO-007 myeloma line (15k 
GM4672 lymphoblastoid cell line (3) and LTR228 iym- 
phoblastoid cell line (11 ), but also proliferated indefinitely in a 
growth factor-supplemented serum-free medium. We report 
here that we made human-human hybridomas from which 
MoAb specifically reactive to human lung adenocarcinoma 

were obtained. The hybridomas can proliferate in serum-free 
medium, facilitating purification of the MoAb. 

MATERIALS AND METHODS 

Establishment of hypoxanthine guanine phosphoribosyl 
transferase (HGPRT)-deficient human lymphoma lines for 
fusion. Namalwa, a human B lymphoma cell line, was first 
cultured in a 2:1:1 mixture of RPMI  1640, Ham's F12 and 
Dulbecco's modified Eagle's media (RDFL supplemented 
with 10 #g/ml of insulin, 35 gg/ml of transferrin, 10/~M of 
ethanolamine and 2.5 nM of selenium tITES)I13L About 50% 
of the cells died from this treatment, but after subculturing for 
2 weeks, the remaining cells were almost 100% viable. These 
viable cells were cloned in soft agar i0.24%) in Dulbecco's 
modified Eagle's medium (DME) supplemented with 10% 
fetal calf serum (FCSL The resultant clones were screened in 
DME/10% FCS medium containing dead Namalwa (5 X 10 ~ 
cells/mlk prepared by freezing and thawing of Namalwa cells, 
to obtain clones which could start growing even in a number of 
dead cells during selection in HAT medium. HGPRT- 
deficient mutants were selected in DME/10% FCS medium 
containing 30 ~g/ml of 6-thioguanine, and the resultant 
mutants were tested for aminopterin sensitivity with a dose 
range of 4 X 10-'-10 -s M. The mutant clone, NAT-30, was 
selected on the basis of level of aminopterin sensitivity, fusing 
efficiencies and growth rates. 

Preparation of lymphocytes from lymph nodes. Lym- 
phocytes were prepared from lymph nodes of lung cancer 
patients as follows. The lymph nodes were cut into small 
pieces and pressed between two slide glasses. The turbid 
suspension squeezed out was washed twice with DME by 
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cent r i fugat ion and  used as a lymphocyte  cell suspension in cell 

fusion exper iments .  
Fusion procedure. Fusion  of the lymphocytes  with  N A T - 3 0  

was carr ied out  essentially as descr ibed by  K~hler  and  
Mils te in  (10). Usually,  8 X 107 lymphocytes  and  3 X 10' 
N A T - 3 0  cells were suspended  in 1 ml  of 42 .5% (w/v)  
polyethylene glycol (M.W. ,  1500; B D H  Chemicals ,  Eng land)  
in D M E  conta in ing  15% dimethyl  sulfoxide for 1 min  and  
incuba ted  a t  37 ~ C for ano the r  I min,  followed by the  addi t ion 
of 9 ml of D M E .  Th e  cells were then  pelleted a t  200 Xg .  
H u n d r e d  gl cell suspensions  con ta in ing  104 l y m p h o m a  cells in 
a well were cul tured  for one day,  and  then  100 gl of 
D M E / 1 5 %  FCS m e d i u m  conta in ing  200 /~M hypoxan th ine ,  
0 .8 /~M aminop te r in  and  32 g M  thymid ine  (2 X concent ra t ion  
of H A T  medium)  was fu r the r  added  to the wells. T he  cul tures  
were m a i n t a i n e d  a t  37 ~ C in humidi f ied  7% 0 2 / 5 %  in H A T  
med ium for 14-28 days. T he  med ium was then  changed  to 100 
g M  h y p o x a n t h i n e / 1 6  g M  thymid ine  and  fu r ther  m a i n t a i n e d  
for abou t  7 days, and  then  changed  to D M E / 1 0 %  FCS or 
R D F / I T E S  medium.  In  all the cases, the m e d i u m  was 
changed  every 3 days. Cont ro l  cul tures  of l y m p h o m a  cell lines 
conta ined  no surviving cells af ter  1 week in H A T  medium.  
The  first  puta t ive  h y b r i d o m a  cells could be  detected at  a b o u t  2 
weeks af ter  fusion.  

Indirect immunofluorescent assay. This  was essentially 
carr ied out  by  the me thod  of Dor reen  et al. (5L For  tes t ing 
cell lines, h u m a n  cancer  and  normal  cell lines were cul tured to 
confluency.  These  lines were fixed wi th  0 .05% glu ta ra ldehyde  
and  washed  three  t imes wi th  phospha te -buf fe red  saline (PBSL 
Fixed cells were then  washed  in 3% bovine  serum a lbumin  
(BSA) in P B S  and  incuba ted  in the  BSA solution for ! hr  a t  
room t empera tu re  to p reven t  non-specific adsorp t ion  of im- 
munog lobu l in  onto the tes t  cells in the  next  step. After the  
incubat ion ,  the  cells were washed  five t imes wi th  P B S  and  
incuba ted  wi th  the spent  media  of h y b r i d o m a  clones for 3 hr .  
After  incuba t ion  a t  room tempera ture ,  the cells were washed  
in P B S  and  then incuba ted  wi th  fluorescein i so thiocyanate  
(F ITCt -con juga t ed  goat  a n t i - h u m a n  Ig (1:50, TagoL After  a 
fu r ther  3 hr  at  room tempera tu re ,  the cells were washed  three  
t imes and  observed in a f luorescent  microscope.  To  check 
reactivity with  cancer  tissues, frozen sections of h u m a n  tissues 
were fixed for 30 min  in 10% fo rmaldehyde  and  washed  three  
t imes with PBS.  Fixed sections were washed  wi th  10% goat  
serum in P B S  and  incuba ted  in the serum solution for 30 min  
a t  room t empera tu re  to prevent  non-specific adsorpt ion.  The  
following procedures  were the same as described above.  
Ery th rocy te  suspensions f rom which  lymphocytes  and  
platelets had  been removed  by centr i fugat ion were t ransfer red  
to a 96-well plate and  fixed wi th  0 .05% glutara ldehyde.  Other  
procedures  were the same as descr ibed above.  

RESULTS 

H G P R T - d e f i c i e n t  h u m a n  l y m p h o m a  cells to be used as a 
fusion pa r tne r  wi th  h u m a n  B lymphocytes  were selected by a 
series of appl ica t ions  of exposures to serum-free  I T E S  m e d i u m  
and  media  conta in ing dead  N a m a l w a  and  6- th ioguanine .  
Among  H G P R T - d e f i c i e n t  clones obta ined,  N A T - 3 0  clone 
was used for hybr id iza t ion ,  since the growth rate  of these cells 
in the  serum-free  m e d i u m  was the  best .  

Fus ion of N A T - 3 0  was carr ied out  with h u m a n  lymphocytes  
f rom lymph nodes  of lung cancer  pat ients  bear ing  lung 
adenocarc inoma.  T h r o u g h  repeated fusions more  than  2000 
h y b r i d o m a  clones were obta ined.  The  propor t ion  of 
h y b r i d o m a  clones secreting IgM,  IgA and  IgG were 4, 2 and  
1, respectively. These  M o A b  were tested for reactivity to lung 

TABLE 1 

REACTIVITIES OF MONOCLONAL ANTIBODIES TO 
VARIOUS CELL LINES BY INDIRECT 

IMMUNOFLUORESCENT ASSAY ~ 

H u m a n  

C e l l l i n e  H F I O B 4  H F 1 0 F 7  H B 4 G 7  H B I C 5  H - 7  H - 9  p l a s m a  

Human cancer lines 
Lung, adenocarcinoma 

PC-8 + + +  + +  + + +  + -- -- 
PC-3 + + + + + -- -- 
PC-9 . . . . . .  
PC-14 + . . . . .  
HLC-I-109 + d- -4- -- -- -- 
ABC-1 + -- + -- -- -- 

Lung. squamous carcinoma 
QG-56 . . . . . .  
PC-1 + . . . . .  
PC-10 . . . . . .  
EBC-1 + -- + -- -- -- 

Lung, small cell anaplastic carcinoma 
QG-90 . . . . . .  
SBC-1 + +  + + +  + -- -- 

Lung, large cell anaplastic carcinoma 
PC-13 + + + -- -- -- 

Lung, oat cell carcinoma 
PC-6 + -- -4- -- -- -- 

Bladder 
KU-I . . . . . .  
NBT-2 . . . . . .  

Breast 
ZR-75-1 . . . . . .  
ZR-75-30 . . . . . .  

Epidermoid 
A431 . . . . . .  

Renal 
KPK-1 . . . . . .  
KPP-1 . . . . . .  

Melanoma 
G361 . . . . . .  
Bowcs . . . . . .  

Stomach, adenocarcinoma 
MKN-28 . . . . . .  
MKN-45 + + + -- -- -- 

Normal human cell lines 
Lung, fibroblast 

WI-38 . . . . . .  
Flow 2000 . . . . . .  

Foreskin, fibroblast 
Flow 7000 . . . . . .  

Intestine. fibroblast 
Flow 11 000 . . . . . .  

m 

m 

m 

m 

m 

n 

w 

m 

m 

"The cells were cultured to confluency, fixed with 0.05% glu- 
taraldehyde and used for the assay. + d- + ; more than 70%, d-'4- ; 50- 
70%, -4-; 20-50% of the total cells were stained with fluorescent dye- 
conjugated anti-human I g n  after the treatment with each MoAb. -- ; 
no anti-human IgM bound to the cells was microscopically detectable. 
Positiveness was easily discriminated as every positive cell lines, when 
stained with the dye-conjugated anti-human IgM, exhibited more than 
20% of the population reactive with the antibody. 
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TABLE 2 

REACTIVITIES OF MONOCLONAL ANTIBODY FROM 
HYBRIDOMA CLONE, HF10B4, TO VARIOUS TISSUES AND 

ERYTHROCYTES BY INDIRECT IMMUNOFLUORESCENT 
ASSAY ~ 

Sample Heaelivily 

Lung adenocarcinoma Patient 1 -F 
2 + 
3 + 
4 + 
5 + 
6 + 
7 + 

Normal lung ~ patient 1 -- 
2 
3 
4 
5 + 
6 
7 

Normal kidney patient 8 -- 
Normal liver ~ 8 -- 
Erythrocyte blood type 

A normal adult 1 
B 2 
AB 3 
O 4 

"Tissues were sliced with a thickness of 10 t~m on slide glass, fixed 
with 10% formaldehyde and used for the assay (5P. Erythrocytes were 
sedimented by centrifugation, fixed with 0.05% glutaraldehyde and 
used for the assay. +;  more than 20% of cells in the tissue was stained 
with the dye-conjugated anti-human IgM after the treatment with 
MoAb from HF10B4 cells. --; no IgM was detectable on the tissue or 
cells. 

~Histologically normal tissues adjacent to the lung cancer of the 
same patient whose cancer tissues were assayed in a. 

~ patients bearing stomach cancer. 

adenocarcinoma cell line PC-8 by the indirect im- 
munofluorescent assay. Four clones (HF10B4, HF10F7, 
HB4G7 and HB4C5) of the tested hyhridomas were detected 
to secrete MoAb reacting against the lung adenocarcinoma. 
Those MoAb were all IgM class with lambda light chains. The 
chromosome number of the HB4C5 clone after 6 months' 
culture was 56.5 4- 5.3, compared with 46.3 4- 0.5 for NAT- 
30 cells, and the chromosome numbers of other clones were 
also apparently more than that of NAT-30. 

IgM in the spent media of these 4 positive hybridoma clones 
were then examined for specificities on a panel of 29 
established human cell lines: 14 lung, 2 bladder, 2 breast, 
epidermoid, 2 renal, 2 melanoma, and 2 stomach cancers, and 

4 normal fibroblasts. These results are summarized in Table 1. 
MoAb from 4 clones strongly reacted only with the lung 

carcinoma lines. Other types of cancer cells except a stomach 
cancer line, MKN-45 which bound MoAb of HF10B4, 
HF10F7 and HB4G7, had no reactivity with any of the 4 
MoAb. None of these 4 MoAb reacted with normal fibroblast 
lines, including WI-38 and Flow 2000 originating from lung 
tissue. MoAb of HF10B4 reacted with lung cancer lines more 
strongly than those of HF10F7, HB4G7 or HB4C5. MoAb of 
HFIOB4 reacted with all six lung carcinoma cell lines except 
for PC-9, a differentiated adenocarcinoma. IgM from clone 
H-7, H-9 or human plasma did not react with any cell line. 

MoAb of HF10B4 clone was tested for reactivity with lung 
adenocarcinoma tissues from patients. As shown in Table 2, 
this MoAb reacted with all seven adenocarcinoma tissues. 
Reactivity of the n o A b  against the normal tissues adjacent to 
the corresponding cancer tissues was also tested. Most of the 
normal tissues were negative. Although one normal tissue 
qpatient 5) was judged positive, inclusion of cancer cells in this 
tissue was suspected. This MoAb did not react against normal 
tissue of kidney or liver, or erythrocytes of any blood type. 

Four hybridoma clones producing IgM specific to lung 
cancer were examined for growth in serum-free culture by 
using RDF medium supplemented with ITES. The doubling 
time of these hybridomas in the serum-free medium was 
almost twice that in serum-containing medium, as shown in 
Table 3. Long-term cultivation of these cells was also suc- 
cessful in the serum-free medium, n o A b  secreted by the cells 
showed no difference in the serum-free and serum-containing 
conditions, indicating that productivity of the IgM by 
hybridoma cells depended on cell density but not on the 
presence of serum components, n o A b  productivity by 
HF10F7 cells was the highest among 4 clones, and reached 16 
and 41 ~g/ml after 3 day culture in the serum-free and serum- 
containing media, respectively. There was no difference 
between the two media in the specificity of secreted MoAb to 
the cell lines tested. Purities of the MoAb were 20 and 0.2% of 
the total protein in spent media of serum-free and serum- 
containing conditions, respectively. 

DISCUSSION 

We first established HGPRT-deficient human lymphoma 
cells as a fusion partner with human B lymphocytes. Namalwa 
cells vigorously growing in the serum-free medium were 
selected, as we expected to grow resultant hyhridoma cells in 
serum-free medium and had known that myeloma cells, which 
could grow in a serum-free condition, usually gave 

TABLE 3 

GROWTH OF HYBRIDOMA CLONES IN SERUM-FREE MEDIUM ~ 

Cell density at da~, 5 ~cells/ml X 10 -s ~ I)oublin~ time in logarithmic pha~  Ihr. 
Clone senlm-free serlim senml-free ~ n t m  

HF10B4 12 23 20 13 
HFIOF7 10 24 31 19 
HB4G7 13 29 20 12 
HB4C5 10 17 40 21 

~ clone cells were plated at a density of 1{~ ' cells per ml of serum-free or serum-containing medium 4see text). 
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hybridomas growing in the same serum-free medium. In 
addition to this treatment, these vigorously growing cells were 
screened in the dead Namalwa-containing medium, to obtain 
stronger cells for fusion. When fusion was carried out with the 
cells thus obtained, the fusion efficiency was one hybridoma 
per 4 )< 10 s NAT-30 cells, which is similar to that with LICR- 
LON-HMy2 and SKO-007 cells reported by Cote et al. ~2). 

We obtained 4 hybridoma clones {HFIOB4, HF10F7, 
HB4G7 and HB4C5), which secrete MoAb reacting against a 
lung adenocarcinoma line, PC-8. Among these MoAb, MoAb 
from HFIOB4 reacted most widely with a variety of lung 
adenocarcinoma lines ~Table 1). Reaetivities of these MoAb 
with other lung cancer lines such as squamous carcinoma, 
small cell anaplastic carcinoma and large cell carcinoma 
depended on the cell line tested. These results indicate that 
these MoAb are predominantly reactive with the lung 
adenocarcinoma lines but not with other types d cancer cells 
or normal fibroblast lines except for a stomach cancer line, 
MKN-45. Though the reason why this stomach cancer line 
reacted with the MoAb was still ambiguous, this line may have 
the same kind of cell surface antigen~s) as lung adenocar- 
cinoma cells. 

The reactivity o! MoAb against lung adenocarcinoma 
tissues was also positive ITable 2L However, MoAb did not 
react with normal tissues or any blood type of erythrocytes. 
These results suggest that MoAb secreted by HFIOB4, 
HF10F7, HB4G7 and HB4C5 hybridomas may be useful for 
diagnosis and therapy of adenocarcinoma, which comprises 
almost half of all lung cancers. More extensive study on the 
reactivity of these 4 MoAb to cancer and normal tissues is 
currently under way. 

As we expected, hybridoma clones proliferated sufficiently 
in the serum-free medium {Table 3J. MoAb production per 
cell was not different between serum-free and serum- 
containing conditions. The MoAb in the serum-free spent 
medium was easily purified with ammonium sulfate 
precipi ta t ion followed by Sepharose 4B column 
chromatography, and gave a single band on an agarose gel 
eleetrophoretogram. 
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EDITOR'S  STATEMENT 

Identification of monoclonal antibodies that recognize human lung adenocarcinoma cells with 
reasonable specificity represents a potentially important development that may prove useful in 
diagnosis and therapy of neoplastic disease. The selection procedures and methods for propagation 
of the human-human hybridomas described in this paper also represent some novel approaches that 
may be of general application. 
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