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ABSTRACT

Results from a previous study (M. V. Haspel et al., Cancer Res., 45:
3951-3961,1985) indicated that it was possible to isolate a high propor
tion of human monoclonal antibodies reactive with cell surface, tumor-
associated antigens when the hybridomas were obtained from fusions
utilizing peripheral blood lymphocytes from patients immunized with
autologous tumor cells. The assignment of membrane reactivity was made
from immunoperoxidase studies which used air-dried, nonpermeabilized
Cytospin preparations of colon tumor cells. Tumor specificity was as
sessed by immunohistological assays by using frozen sections of normal
and malignant human tissues. We now describe a series of studies using
two of these antibodies, 16.88 and 28A32, in which further information
was obtained concerning the tumor specificity and cellular location of the
target antigens reactive with these monoclonal antibodies. Data were
acquired from a variety of experimental techniques which included quan
titative and qualitative immunofluorescence on live and permeabilized
cells, RBC-rosetting assays, immunoperoxidase studies on Cytospin and
frozen tissue sections, and immunoblot procedures. These studies show
that the 16.88 and 28A32 human monoclonal antibodies bind to antigens
which (a) are located in the cell cytoplasm and are not expressed in
detectable levels on the cell surface, and (b) are found in many normal
and malignant cell types.

INTRODUCTION

Since the advent of the lymphocyte hybridoma technique by
Kohler and Milstein (1), the field has been dominated by the
production and characterization of MoAbs2 of murine origin.

While murine MoAbs have been extremely useful in the delin
eation and characterization of novel human antigen systems, it
is widely believed that prolonged therapeutic utility of MoAb-
based reagents will be better accomplished with human or at
least chimeric MoAbs. Inherent advantages in the use of human
MoAbs compared to mouse MoAbs include lower immunoge-
nicity in humans and the possible recognition of important
epitopes which are not immunogenic in mice (2-4). In spite of
these putative advantages, the development of human MoAbs
has lagged far behind the production of mouse MoAbs. One
major reason for this has been the difficulty in obtaining suitable
antigen-activated lymphocytes for human MoAb production.
Several strategies have been used, including the use of periph
eral blood lymphocytes, splenocytes, and lymphocytes from
regional lymph nodes of cancer patients as a source of antigen-
activated B-cells for hybridoma production (5-12). Several suc
cesses have been reported with this approach to isolate human
MoAbs reactive with human tumor-associated, cell surface an
tigens (6-9, 13). It has been a general finding, however, that
the majority of human MoAbs isolated so far have been directed
against intracellular antigens which are expressed by a wide
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range of normal and malignant cell types (6, 7, 12, 13). The
report of Haspel et al. (14) appeared to represent a significant
breakthrough in the human MoAb area since they prepared
hybridomas utilizing peripheral blood lymphocytes from cancer
patients who had been immunized with autologous tumor cells.
These investigators stated that they were able to isolate a high
proportion of human MoAbs which bound to cell surface,
tumor-associated antigens and postulated that the immuniza
tion procedures were responsible for their success. We exam
ined two of these MoAbs in detail (16.88 and 28A32), using a
variety of sensitive techniques, and it is our conclusion that
these antibodies do not recognize cell surface antigens but react
instead with intracellular antigens that are associated with a
wide range of normal and malignant cell types.

MATERIALS AND METHODS

Chemicals and Reagents. Propidium iodide, bovine serum albumin,
phenylmethylsulfonyl fluoride, Nonidet P-40, antifoam A, sodium
azide, and diaminobenzidine were purchased from Sigma Chemical
Co., St. Louis, MO. Goat anti-human IgM antibodies conjugated to
peroxidase or fluorescein isothiocyanate were obtained from Kirkegaard
& Perry Laboratories, Inc., Gaithersburg, MD, or, for the immunohis
tological assays as F(ab)'2 fragments obtained from Tago, Inc. (Burlin-
game, CA). Hanks' balanced salt solution, Opti-MEM, and 7 globulin-

free horse serum were purchased from GIBCO Laboratories, Gaithers
burg. MD.

Human Cell Lines. The LS174T, Caco-2, HT-29, Calu-1, DU 145,
PC-3, T24, MCF-7, U-937, DET551, and the CCD14BR cell lines
were obtained from the American Type Culture Collection, Rockville,
MD. The UCLA-P3 and M21 cell lines were obtained from Dr. Thomas
Bumol, Lilly Research Laboratories, Indianapolis, IN, while the D409
and the D567 cell lines were provided by George Boder, also located at
Lilly Research Laboratories. CX-1 and GM2504 were acquired from
Drs. George L. Wright and Miriam D. Rosenthal, respectively, of the
Eastern Virginia Medical School, Norfolk, VA. All other human cell
lines were propagated and maintained at the Laboratory of Human
Tumor Immunology, Memorial Sloan-Kettering Cancer Center, New
York, NY.

Monoclonal Antibodies and Control Human IgM. 16.88 and 28A32
are human MoAbs of the IgM isotype (14). These antibodies were
obtained in purified form or as spent culture supernatants from Bio-
netics Research, Inc., Rockville, MD. Normal human IgM was pur
chased from Cappel Laboratories, Malvern, PA. Purified monoclonal
IgM isolated as a euglobulin from a myeloma patient was a gift from
Dr. Hans Spiegelberg, Scripps Clinic and Research Foundation, La
Jolla, CA. Human IgM MoAbs Ev248 and De8 previously reported (7,
13) to react with cell surface and intracellular antigens, respectively,
were obtained as spent culture supernatants at a concentration of
between 5 and 10 Mg/m'-

Immunoperoxidase Assays. MoAb reactivity was tested against hu
man cells and frozen tissue sections. Air-dried Cytospin slide prepara
tions of human cells were prepared as described (14). The slides were
hydrated in Hanks' balanced salt solution containing 1% bovine serum

albumin and reacted with the human IgM samples at 0.5 Mg/ml for 2 h
at 37Â°C.Slides were washed gently, reacted with peroxidase-conjugated

goat anti-human IgM, washed, and developed with diaminobenzidine
to detect peroxidase localization. Immunoperoxidase reactivity was also
determined on acetone-fixed, fresh frozen human tissue sections.
Briefly, 6-pm sections were cut, air dried at least 1 h, and after a
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CHARACTERIZATION OF HUMAN MoAbs

preincubation with 5% normal goat serum in PBS, were incubated with
MoAbs 16.88. 28A32, or IgM control. The binding of human IgM to
the sections was detected with F(ab)% anti-human IgM-peroxidase
conjugate. Slides were developed in 0.03% H2O2 in diaminobenzidine
and counterstained with hematoxylin. The antibody concentration used
in these studies was 1-3 Mg/ml.

Immunofluorescence Assays. Live cell immunofluorescence was per
formed on MCF-7 human breast carcinoma cells which were removed
from the substratum with EDTA (15). The cells (IO6) were washed in
Opti-MEM containing 10% 7-globulin-free horse serum. The cells were
incubated at 4Â°Cfor 45 min with human IgM diluted in Opti-MEM

plus 10% 7-globulin-free horse serum and 0.02% sodium azide. The
cells were washed and incubated for 45 min at 4"C in a 1:10 dilution

of goat anti-human IgM-fluorescein Â¡sothiocyanate(diluted in medium
plus 10% horse serum and azide). The cells were washed 2 times in
Opti-MEM plus 10% 7-globulin-free horse serum and a third wash was
done in the above medium containing 0.5 Mg/ml propidium iodide. Wet
mounts were prepared for UV microscopy with a Nikon Labophot
microscope. Photography was performed at x400 by using Kodak
Ektachrome ASA 400 film. Indirect immunofluorescence assays were
done on methanol:acetone (1:1, v/v)-fixed cells for the detection of
intracellular antigens as previously described (6, 8). The immunofluo-
rescence-reactive properties of antibody-treated HT-29 cells were ana
lyzed by using an EPICS V (Coulter Electronics, Hialeah, FL) flow
cytometer. Simultaneous measurements of FALS and LIGFL were
made on 10,000 cells from each treated population. The instrument
was adjusted to illuminate cells with 600 mW of 488 nm light. A 488
nm (laser block) and 515 nm long pass filter were used to collect the
LIGFL signal while a neutral density filter was put in place in front of
the FALS detector. Measurements of FALS and LIGFL intensities
were collected on cells simultaneously in 64 x 64 channel (correlated
dual parameter) histograms. In some experiments, the flow cytometer
was set up for sorting subpopulations of cells on microscope slides.
The instrument sheath flow was set up to form microdroplets at 32,000
KHz. A three droplet sorting technique was used to ensure purity (per
manufacturer's instructions). Rectilinear sorting regions were estab

lished and checked for accuracy by using fluorescent microsphere
controls. It has been established that as cells lose viability, their FALS
measurements decrease (16). Two sorting regions were therefore estab
lished: FALS "large" (viable cells) and FALS "small" (dead cell). Cells

were sorted on microscope slides and inspected with a fluorescence
microscope (with and without addition of propidium iodide) for red
and green fluorescence.

RBC-rosetting Assays. The human mixed hemabsorption assay and
anti-human immunoglobulin RBC-rosetting assay for the detection of
cell surface antigens have been well described (6, 17, 18). These tests
were performed on live cells with the use of previously described human
MoAbs (Ri37, EV248, Ma4) reactive with cell surface antigens as
positive controls (6, 8, 13).

Immunoblot Experiments. Immunoblots were made with the tech
nique of Towbin et al. (19) as modified by Johnson et al. (20). Briefly,
target cells were grown as monolayers, washed with PBS, and extracted
with 1% Nonidet P-40 in PBS containing 2 mM phenylmethylsulfonyl
fluoride. Extracts were separated on 7-15% gradient sodium dodecyl
sulfate-polyacrylamide gel electrophoresis under reducing conditions
and electroblotted onto nitrocellulose. The portion of the blot corre
sponding to molecular weight markers was removed and stained with
amido black stain. Antibody reactivity with the remainder was deter
mined by using a nonfat dry milk-based reagent for blocking, dilution,
and wash steps (20). Primary antibodies were used at 25 iig/m\ and
were detected on the blot with peroxidase-conjugated anti-human IgM.
A laser densitometer was used to record the presence of bands.

RESULTS

Cellular Localization of Antigens Detected by 28A32 and
16.88. Human MoAb 28A32 was tested for cell surface and
intracellular reactivity against a panel of 27 human cell lines,
including 6 colon cancer and 2 normal (fibroblast and kidney
epithelium) cell lines (Table 1). No cell surface reactivity was
seen with two different RBC-rosetting assays with live cells

Table 1 Cell surface and intracellular reactivity of human MoAb 28A32 on
cultured human cell lines

CelllineColon

cancer
SW837
SW480
SW48
SW1222
SW1417

HT-29Breast

cancer
MCF-7
SK-Br-7
SK-Br-3
MDA-MB-157

BT-20Lung

cancer
SK-LC-21Renal

cancer
SK-RC-1

SK-RC-7Prostate

cancer
PC-3Bladder

cancer
JONCervical

cancer
Me180Ovarian

cancer
SK-OV-3Melanoma

SK-MEL-I9
SK-MEL-28
SK-MEL-33

SK-MEL-41Astrocytoma

CRN
U251-MG
SK-MG-4Cell

surface Intracellular
reactivity"reactivity*:

j|:

IJ-++++++--:

:::
Â£

Normal
Fibroblasts (F-23)
Kidney epithelium

" Reactivity of 28A32 on live cells tested by two RBC-rosetting assays: human
mixed hemadsorption assay and sheep RBC coated with goat anti-human im
munoglobulin. 28A32 was used at concentrations varying from 750 pg/ml to 23
Mg/ml. All cell lines were scored as negative (-) in this assay.

'Reactivity of 28A32 on methanol:acetone (1:1, v/v)-fixed cells tested by

indirect immunofluorescence. In this screen 28A32 showed strong (++) reactivity
at concentrations to 23 us/ml. Tests on the colon cancer, breast cancer, mela
noma, and astrocytoma cell lines listed showed strong (++) reactivity at antibody
concentrations of 1.47 //n tul.

(Table 1). 28A32 did, however, demonstrate strong reactivity
to intracellular antigen(s) present in all cell lines tested after
the cells were permeabilized with methanol:acetone (Table 1).
28A32 was not reactive with the membranes of permeabilized
cells. An example of the intracellular versus cell surface reactiv
ity of 28A32 is shown in Fig. 1. In this experiment the presence
of dead cells is depicted by the red counterstain of propidium
iodide. Figs. IA, 1C, IE, and IF are bright field micrographs
of MCF-7 cells treated with various human IgM antibodies.
Fig. \B is a fluorescent micrograph of normal human IgM
reacted with the MCF-7 cells. There is a low degree of binding
with viable cells by the control antibody and there also appears
to be nonspecific association of the control IgM with the
propidium iodide-stained (nonviable) cell in the center of the
picture. Fig. \D shows the cell surface reactivity of human IgM
MoAb EV248 with the viable MCF-7 tumor cells. Fig. IF, on
the other hand, shows the lack of viable cell reactivity by the
De8 MoAb and the strong reactivity by this antibody with the
propidium iodide-counterstained cell (arrow). These data are
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Fig. 1. Immunofluorescence reactivity of human IgM antibodies with MCF-7 human breast carcinoma cells. Immunofluorescence assay is described in "Materials
and Methods." A, C, E, and G, bright field micrographs of MCF-7 cells treated with various human IgM antibodies. B, D, F, and H, immunofiuorescence of the

various antibodies. A and B, control IgM (30 jig/ml); C and fl, human MoAb Ev248 (5-10 Â¿ig/ml);E and F, human MoAb De8 (5-10 jig/ml), G and H, human MoAb
28A32 (30 fig/ml). Ev248 reacts with a cell surface antigen (D) while De8 binds to an intracellular determinant (F). 28A32 reactivity (H) is indistinguishable from
De8.
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CHARACTERIZATION OF HUMAN MoAbs

consistent with the previously reported findings that De8 binds
to a cytoskeletal component (7) while Ev248 reacts with a
membrane antigen (13). Fig. \H illustrates the reactivity of
28A32 with MCF-7 cells. 28A32 binding is indistinguishable
from that of De8 in this experiment. Similar data have been
obtained for the 16.88 MoAb (data not shown). Fig. 2 shows
the fluorescent staining of 28A32 against permeabilized MCF-
7 cells. This MoAb appears to bind to an intracellular compo-
nent(s).

Two-parameter flow cytometric analysis of 16.88 Â¡mmunoflu-
orescence against HT-29 cells is shown in Fig. 3, in which I, II,
and III represent the binding of 50, 5, and 0.5 ng/m\ of 16.88
to HT-29 tumor cells, respectively, and IV, V, and VI show the
control IgM binding at the same concentrations. The X axis
represents the log of fluorescence intensity, while the Y axis is
the forward angle light scatter. Cell populations were sorted on
the basis of light scatter and viability was determined by pro-
pidium iodide staining. The cell group designated "A" repre
sents nonviable cells, while the group designated "A" indicates

viable cells. As can be seen in Fig. 3, the 16.88 MoAb binds
only to the nonviable cell population. The binding by 16.88 to
nonviable cells is dependent on the antibody concentration and
appears to represent true antigen recognition since the 16.88
immunofluorescence is significantly above the control IgM at
all concentrations tested.

Specificity of 28A32 and 16.88. The specificity of 16.88 and
28A32 was determined by immunofluorescence against per
meabilized cells (Table 1) and immunoperoxidase reactivity
against human cells (Table 2) and fresh frozen tissue sections
(Table 3; Fig. 4). Specificity was also evaluated by immunoblot
experiments with normal and malignant human cells (Fig. 5).
As shown in Table l, 28A32 was reactive with intracellular
antigen(s) expressed by all 27 human tumor and normal cell
lines tested. The immunoperoxidase results using Cytospin
preparations (Table 2) were quite similar to the immunofluo
rescence data on permeabilized cells (Table 1) in that all normal
and malignant human cell lines as well as normal peripheral
blood monocytes and lymphocytes were reactive with the 16.88
and 28A32 MoAbs. The wide distribution of antigen expression
was also evident in fresh frozen, acetone-fixed tissue sections
(Table 3; Fig. 4). The relatively low level of endogenous human
IgM detected in the myeloma control specimens (e.g., Fig. 4,
A, D, and G) was made possible by titration of primary and
secondary antibody reagents to optimal concentrations.

Biochemical Identification of the 28A32 Antigen. Immunoblot
experiments confirmed the presence of 28A32 antigen in 4
human tumor cell lines and 1 normal embryonic kidney cell
culture (Fig. 5). The 28A32 antigen appears to have a similar
molecular weight (Mr 35,000) on all targets tested.

Forward

Fig. 2. Immunofluorescence reactivity of 28A32 with permeabilized MCF-7
human breast carcinoma cells. Immunofluorescence of permeabilized MCF-7
cells is described in the legend to Table I. 28A32 binds to an inlracellular antigen
present in the permeabilized MCF-7 cells.

tjr

IV

B

II

/

III VI
Fig. 3. Two-parameter flow cytometry of 16.88 immunofluorescence reactivity

with HT-29 human colon carcinoma cells. Two-parameter flow cytometry was
performed as described in "Materials and Methods." /. //, and ///, binding of 50,

5. and 0.5 Â»Jg/mlof 16.88, respectively; IV, V, and VI, interaction of a myeloma
IgM control at the same concentrations. Log fluorescence intensity is shown on
the X axis, while forward angle light scatter is represented on the Y axis. A and
B, nonviable and viable cell populations, respectively. The unlabeled peak shown
in each panel at the upper end of the light scatter axis represents cell aggregates.
16.88 reactivity is confined to nonviable cells.

Table 2 Cytospin reactivity of 16.88 and 28A32 MoAbs with human cells"

Cells
Myeloma

16.88 28A32 IgM

Normal or nontransformed
Peripheral blood monocytes +3 +3
Peripheral blood lymphocytes +3 +4
DET551 diploid skin fibroblasts +3 +3
CCDI4BRdiploidlungfibroblasts +3 -1-3
D409 fetal kidney fibroblast +3 +2
D567 fetal liver fibroblast +3 +3
GM2504 skin fibroblast +3 +3

TumorlinesLS174T
coloncarcinomaCX-1

coloncarcinomaCaco-2
coloncarcinomaUCLA-P3

lungadenocarcinomaCalu-1
lungadenocarcinomaDU

145 prostateadenocarcinomaPC-3
prostateadenocarcinomaT-24
bladdercarcinomaM21
melanoma+3+3+3+4+3+3+3+3+4+3+3+3+4+4+3+3+2+3+1â€”â€”-â€”â€”â€”â€”-

" Air dried Cytospin slides were hydrated in Hanks' balanced salt solution plus

1% bovine serum albumin and reacted with the indicated human IgM specimens
at 0.5 Mg/ml for 2 h at 37'C. Slides were washed gently, reacted with peroxidase-
conjugated goat anti-human IgM. washed, and developed to detect peroxidase
localization. Scale: (â€”)represents no detectable brown stain. Positive staining
was evaluated by using an arbitrary1 scale from +1 to +4, representing a range
from weak, barely detectable staining, to heavy, dark brown staining.
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DISCUSSION

The previous report of Haspel et al. (14) indicated that human
MoAbs 16.88 and 28A32 were directed against cell surface,
human tumor-associated antigens. Immunoperoxidase studies
on nonpermeabilized Cytospin specimens of human tumor cells
were utilized by Haspel et al. (14) to show that the 16.88 and
28A32 antigens were indeed located on the cell surface. The

Table 3 Immunohislochemical reactivity of 16,88 and 28A32 on fresh frozen
human tissue specimens"

Tissue 16.88 28A32

Colon cancer (6/6)
Normal colon epithelium (2/2)
Normal small bowel and stomach (3/3)
Hepatocytes (1/1)
Muscle (1/1)
Lymph node (1/1)
Kidney glomeruli, tubules, vessels (1/1)

Â°Immunoperoxidase assay method described in "Materials and Methods."

Antibody reactivity was scored as weak (+), moderate (++), or strong (+++)
compared to a myeloma control IgM. Antibody concentrations were 1-3 Mg/ml.
The ratio of reactive specimens to total number of specimens examined is shown
in parentheses.

Cytoplasm with lumenal surface accentuated.
' H coll areas could not be evaluated due to cross-reactivity with anti-human

IgM peroxidase conjugate to localize antibody binding. (+) reactivity refers to
staining in 1 crii zones.

data shown in the present study, however, demonstrate that the
antigens detected by 16.88 and 28A32 are located in the cell
cytoplasm and are not expressed on the cell surface. This
conclusion was based on the following observations: (a) two
RBC-rosetting assays failed to detect cell surface binding by
28A32 on a large panel of viable cells (Table 1); (b) 28A32 was
strongly reactive with cytoplasmic components of permeabi-
lized cells (Table 1; Fig. 2); and e) 28A32 and 16.88 bound only
to nonviable cells in immunofluorescence assays and failed to
show membrane binding to viable cells (Figs. 1 and 3). It has
been shown previously that the great majority of human MoAbs
produced to date are directed against intracellular determinants
regardless of the source of lymphocytes or antibody propagation
procedure used (Refs. 6-8, 12, 13, and 21 for a review of this
subject). Techniques, such as the one used by Haspel et al. (14),
which attempt to utilize air-dried cells to detect cell surface
reactivity of human IgM MoAbs may be subject to methodo
logical problems as discussed previously (2). Substantial effort
has been expended to isolate human MoAbs reactive with cell
surface antigens in the belief that such MoAbs will be most
useful for therapeutic or diagnostic purposes (2, 6-8, 13, 22,
23). It is possible, however, that antibodies directed against
cytoplasmic antigens will also be effective for imaging and/or
MoAb-based therapy. Welt et al. (24) described a murine MoAb

Fig. 4. Immunoperoxidase reactivity of co
lon carcinoma (A, B, C), normal colon (D, E,
F), and normal kidney (G, H, I) stained with
control myeloma IgM (A, D, G), 16.88 (B, E,
H), or 28A32 (C, F, I). There is uniform
staining of both colon cancer and normal colon
with 16.88 and 28A32, although in colon can
cer staining with 16.88 is more intense (B). In
kidney, both human MoAbs stain glomeruli,
while 16.88 reacts with endothelium and
smooth muscle of a small artery (H, arrow)
whereas 28A32 preferentially stains endothe
lium (/, arrow).

^" Y'V .'-1-.*^'' "
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Fig. 5. Immunoblots of normal and malignant human cell lines with human
MoAb 28A32. Immunoblot technique is described in "Materials and Methods."

Laser densitometer scans of various immunoblots are shown as well as a repre
sentative blot stained with the immunoperoxidase technique. Cell lines are:
UCLA/P3. lung adenocarcinoma; HT-29 and LS174T. colon adenocarcinoma;
U-937, histiocytic lymphoma; D409. fetal kidney fibroblast. The 28A32 antigen
is present at a similar molecular weight in all of the cell lines tested.

reactive with an intracellular antigen which was able to image
human melanoma transplants in nude mice. These authors
postulated that intracellular antigens may be exposed in ne-
crotic areas of the tumor and thereby be suitable targets for
imaging and/or therapy. A recent report describing the ability
of 16.88 and 28A32 to target human colorectal tumor nude
mouse xenografts in vivo (25) is consistent with this hypothesis.

The antigens detected by the 16.88 and 28A32 MoAbs appear
to be widely distributed in normal and malignant cells and
tissues (Tables 1, 2, and 3; Figs. 4 and 5). This observation is
also at variance with Haspel et al. (14), who reported that the
16.88 and 28A32 antigens were found in colon adenocarcinoma
cells and were absent or only weakly expressed in normal
colonie epithelium. Our finding is consistent, however, with
previous reports which demonstrate that human MoAbs which
bind to intracellular antigens are frequently reactive with a wide
range of epitopes expressed by both normal and malignant cells
(6, 7, 13, 21).

In conclusion, we believe that it is important that results
obtained from ongoing clinical trials of MoAb-drug or -isotope
immunoconjugates be interpreted with respect to the true na
ture of the antibody-antigen interaction. The 16.88 and 28A32
MoAbs are currently undergoing clinical evaluation, and studies
have been reported concerning the immunogenicity of these
MoAbs (26). The results obtained from these clinical investi
gations may be representative of human MoAbs which bind to
widely distributed intracellular antigens but may not reflect
information that will be obtained from human MoAbs that
recognize cell surface, tumor-associated antigens.
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