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ABSTRACT

A major factor limiting the use of rodent monoclonal antibodies for
diagnosis and therapy of cancer is the development of human anti-mouse

immunoglobulin antibodies. Here we report a phase III immunodetection
study of a human monoclonal antibody, COU-1, labeled with '"I. COU-1

is produced by a human-human hybridoma and recognizes a .U, 43,000
cytokeratin-like protein strongly expressed by adenocarcinomas of the

colon, breast, and ovary. Ten patients were given an i.v. infusion of 2 mg
of antibody COU-1 labeled with 185 MBq of '"I. No adverse effects or

toxicity were detected by conventional clinical tests nor by a complement
activation assay for C3d. None of the patients developed antibodies against
antibody COU-1 as determined by enzyme-linked immunosorbent assay

and agglutination analysis. Tumor detection was successful in 7 of 9 cancer
patients. The tenth patient proved to be a true negative. In several in
stances immunoscintigraphy gave additional or more correct information
than conventional detection techniques. Tumors were most clearly out
lined at days 5 and 7 after infusion. Primary colorÃ©ela!carcinomas were
detected by planar imaging in the cecum, ascending colon, and rectum
with the smallest lesion measuring 3.0 cm in diameter. Immunoscintigra
phy revealed multiple liver mÃ©tastasesin 1 of 3 patients. However, the
livers of all 3 patients contained significantly more radioactivity (/' <

0.005) than tumor-free livers of the other patients. Pharmacokinetics was
evaluated in all patients. The clearance of "'I-labeled COU-1 from the

circulation followed a triphasic pattern; an initial phase \l' â€¢= 0.4 Â±0.4

(SD) h] cleared 23% of the radioactivity followed by a rapid phase with a
half-life of 13 Â±3.8 h. The third phase (ÃŸ-phase)exhibited a half-life of 119
Â±36 h, which is similar to the half-life reported for normal IgM. The
human monoclonal antibody COU-1 directed against a predominantly
intracellular cancer-associated antigen does not produce toxicity or induce

antibody formation and seems to be a promising agent for detecting
tumors with immunoscintigraphy.

INTRODUCTION

Mabs3 have become increasingly effective as tumor-seeking re

agents for cancer diagnosis and therapy. Mabs labeled with radioiso-
topes can locate tumors (1-3) and have produced therapeutic re
sponses (4â€”7). Improved immunoscintigraphy may alter the

therapeutic strategy toward patients with colorectal cancer, especially
those with solitary liver and lung metastasis, patients with local re
currence, and patients with solitary regional lymph node metastasis,
i.e., patients whose cancer, if found early, may be cured by surgery.
However, most of Mabs tested thus far are of murine origin and can
therefore induce a human anti-mouse antibody response. The human
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anti-mouse antibody may then neutralize the targeting effect of the
anti-tumor antibody and, upon reinjection, cause adverse systemic

reactions (8, 9).
Several approaches have been developed to humanize potentially

useful murine antibodies. With genetic engineering, genes encoding
the murine variable domains have been joined to human genes en
coding for the constant regions of immunoglobulin molecules (10).
However, even though most of the murine structures have been re
placed with their human equivalents (11-13), it appears that such

chimeric antibodies may still induce a human antibody response
against the antibody injected into patients (12). Another, more refined
approach is to join to the human framework only gene segments
encoding the specific area of the immunoglobulin responsible for
antigen binding (CDR-grafting) (14â€”16).This method requires con

siderable resources and, because of differences in the human and
murine framework, antibody affinity and specificity may change.

The production of human Mabs by hybridoma technology or Ep-
stein-Barr virus transformation has proved to be difficult when com

pared to the routine production of murine Mabs, mainly due to the
lack of efficient human fusion partners (17,18). Furthermore, Epstein-
Barr virus-transformed cell lines and human hybridomas are often
unstable and produce only small amounts of antibody. Using mesen-

teric lymph nodes from a colorectal cancer patient as the source of
lymphocytes, we have succeeded in securing a human hybridoma-
producing Mab, COU-1, which reacts predominantly with adenocar

cinomas (19, 20). In tumor bearing nude mice, this human Mab
accumulates preferentially in human colon cancer grafts, as compared
to human melanoma grafts and normal organs (21, 22).

In this communication, we describe the outcome of clinical testing
with human Mab COU-1. Included are the results of monitoring

pharmacokinetics, toxicity, immunogenicity, and tumor detection
ability in patients with suspected colorectal cancer.

MATERIALS AND METHODS

Patients. Patients were invited to enroll in the study when conventional
colorectal cancer detection methods (rectoscopy, colonoscopy, X-ray of the

colon, computerized tomographic scanning, or abdominal ultrasound) had
shown suspected cancer lesions, and laparotomy was planned. Informed con
sent according to the Helsinki recommendations was obtained from all pa
tients. The study was approved by the Regional Committee of Ethics. Details
of the 10 patients studied are given in Table 1.

Human Monoclonal Antibody. COU-1, a human IgM Mab, is secreted by

the B9165 cell line, derived from fusion between the human fusion partner
WI-L2-729-HF2 (23) and lymphocytes obtained from a mesenteric lymph node
of a patient with rectal cancer (24). COU-1 reacts with high avidity (Ka
2 X IO9 M~') with a predominantly intracellularly located M, 43,000 cyto-

keratin 18-like protein present in large amounts in colon adenocarcinomas

(20, 25). In immunohistochemistry tests, the antibody reacted with all sec
tions of colon adenocarcinomas investigated (n > 25). The antibody also re
acted with breast, ovarian, and gastric adenocarcinomas, as well as some nor
mal breast epithelia cells, and somewhat less with ovarian epithelium and
colon epithelium (19, 26).

The hybridoma cell line was grown in roller bottles in protein-free medium

[RPMI 1640 (GIBCO, Grand Island, NY) supplemented with SSR3 serum
replacement (Medicult, Copenhagen, Denmark)]. COU-1 was purified from
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Table 1 Patients with suspected colorÃ©ela!carcinoma investigated with !3tl-COU-l

Patient12345

67

8910Suspected

primary
tumorsiteDescending

colonAscending
colonRectum

AscendingcolonCecum

RectumRectum

RectumRectum

SigmoidSuspected

secondary
tumorsite2

livermÃ©tastasesLocal

recurrence,
one abdominal

lesionLocal

recurrenceMethod

of
determinationX-ray

ofcolonX-ray

of colon,

ultrasoundColonoscopy

X-ray of colon,
ultrasoundColonoscopy

Computerized
tomographic

scanning,ultrasound.rectoscopy

Rectoscopy
Ultrasound,rectoscopyRectoscopy

RectoscopyImage

results
131I-COU-1

accumulationNo

accumulationAscending

colon,
multiplelivermÃ©tastasesNo

accumulation
Central part of

abdomenCecum

Local recurrence,
abdominal

lesionsRectum

RectumRectum

No accumulationSurgical

findingsAdhesions,

nocancerCancer

in the ascending
colon, multiplelivermÃ©tastasesRecta]

cancer
Pancreatic cancer,
livermÃ©tastasesCancer

of the cecum
NosurgeryRectal

cancer
Rectal cancer,

livermÃ©tastasesRectal
cancer

Sigmoid cancerPathological

diagnosis0Dukes

C, grade3Dukes

C, grade 2
Low grade pancreas

carcinomaDukes
A, grade2Dukes

B, grade 2
Dukes B, grade3Dukes

C, Grade 2
Dukes B, grade 2Primary

tumor
size(cm)3X35

X 2.5
10 X103X35X5

5X55X5

4.5 X 4
1Classification based on microscopy of the tumor according to the criteria of Dukes (45), but within the rectum as well as colon.

cell culture supernatant using the Bio Pilot System (Pharmacia, Uppsala,
Sweden). The purification procedure will be described in detail elsewhere. In
brief, the antibody was purified by chromatography on hydroxylapatite, phenyl
Sepharose and S-Sepharose Fast Flow gel (Pharmacia).

Radiolabeling. The antibody COU-1 was labeled with 13IIby the lodo-Gen

method (27) at the Institut! for Energiteknikk, Kjeller, Norway. Briefly, 4-ml
glass vials were coated with 300 /Â¿glodo-Gen (Pierce Chemical Co., Rockford,

IL) in 2.5 ml chloroform. The chloroform was allowed to evaporate before
adding 3 mg COU-1 in 3 ml PBS (pH 7.2) and 131I.After incubation for 10 min

at room temperature on a rotating table, the labeled antibody was separated
from low molecular weight material by two passages through Sephadex G-25

columns (10 X 1.25 cm; Pharmacia) equilibrated with PBS containing 1%
HSA(Statens Serum Institut, Copenhagen, Denmark). The specific activities of
the final radiopharmaceutical ranged from 120 to 250 MBq/mg. All prepara
tions passed sterility and pyrogen testing. The fraction of free 131Ipresent just

before administration was determined by thin layer chromatography using
Gelman ITLC SG sheets (Gelman Sciences, Inc., Ann Arbor, MI) and 85%
methanol as the mobile phase as well as by GPC on a G-25 column (NAP-5;
Pharmacia). The conjugated antibody was analyzed for antigen-binding activ
ity in the cell sonicate binding assay described below. Sodium dodecyl sulfate-

polyacrylamide gel electrophoresis, autoradiography, and GPC on a SuperÃ³se
6 fast protein liquid chromatography column (Pharmacia) were used to assess
the presence of aggregates and fragments.

Study Design. Each patient was given, an i.v. infusion of approximately 2
mg human Mab COU-1 labeled with 185 MBq m I in 100 ml 0.15 M NaCl,

over a period of 15 min. All patients received a thyroid-blocking regimen of KI

(33 mg/ml p.o.) beginning 12 h before Mab administration with 330 mg of KI,
followed by daily doses of 66 mg KI for 7 days. Blood samples were taken
immediately after Mab COU-1 infusion; at 5, 10, 15, 30, 60, 120, 240, and 480

min; and then at days 1, 2, 3, 5, and 7. The following chemistry profiles and
hematological parameters were evaluated: levels of alkaline phosphatase, lac-

tate dehydrogenase, alanine aminotransferase, bilirubin, creatinine, carbamide,
hemoglobin, leukocyte count, differential leukocyte counts, sodium, potas
sium, calcium, and erythrocyte sedimentation rate. After infusion, all urine
from each patient was saved and measured every 24 h; aliquots were taken for
gamma counting. Labeled Mabs in serum samples were analyzed by GPC
followed by gamma counting of the fractions.

ELISA for Estimation of IgM. IgM was estimated as described previously
(19). In brief, microwell plates (Immunopiates; Nunc, Kamstrup, Denmark)
were coated with 2 /Â¿grabbit anti-human /Â¿-chain(Dako, Glostrup, Denmark)
in 100 jal bicarbonate buffer (15 ITIMNa2CO3-35 IÃ•IMNaHCO3, pH 9.6). Coated
wells were washed with PBS-Tween (Merck, Darmstadt, Germany) and incu

bated overnight at room temperature with the sample (from GPC) diluted
20-fold in PBS-Tween. The wells were washed and incubated for 2 h with
alkaline phosphatase-labeled rabbit anti-human /Â¿-chain(Sigma Chemical Co.,
St. Louis, MO) diluted 6000-fold in PBS-Tween. After final washing, the
substrate was added (1 mg p-nitrophenylphosphate (Sigma) per ml 1 mM
MgCl2-10% diethanolamine, pH 9.6). Absorbance was measured at 405 nm

after development for l h at room temperature. Standard curves for quantifi
cation were constructed using dilutions of normal human IgM (Cappel,
Cochranville, MD).

Immunoreactivity of COU-1. Ultrasonicates of the colon adenocarcinoma

cell line Colon 137 (obtained from Dr. Peter Ebbesen, The Cancer Research
Institute, Aarhus, Denmark) or, as control, the melanoma cell line HU373
(obtained from Dr. Ingolf Nielsen, The Finsen Institute, Copenhagen, Den
mark) (10'' cells/ml PBS) were applied to ELISA plates (Nunc) and incubated

overnight. After being washed with PBS-Tween, the samples were added and

incubated overnight at room temperature. Development was with alkaline
phosphatase-labeled anti-human /Â¿-chainas described above. Standard curves
were constructed using a hybridoma supernatant containing COU-1.

Assay for Antibody against COU-1. Serum samples taken before antibody

infusion and 1 and 3 weeks after infusion were examined for IgM and IgG
antibodies to the injected human COU-1 Mab. (a) The serum samples were
examined for IgM anti-COU-1 by a latex agglutination assay. Polystyrene

beads (0.81 /Â¿m;Bacio Latex 0.81; Difco Laboratories, Detroit, MI) at 1%
(v/v) in 1 ml PBS were incubated overnight at 4Â°Cwith 100 fÂ¿gCOU-1,

washed, and kept in PBS-0.1% HSA. Beads (25 Â¿Â¿1)were incubated for 30 min

at room temperature with the serum samples (undiluted and 1:5 diluted). An
IgG preparation of rabbit anti-human IgM antiserum (Dako) was used as a

positive control and to evaluate the sensitivity of the assay. Normal sera were
used as a control, (b) IgG anti-COU-1 was assayed on ELISA wells (Nunc)
coated with COU-1 at a concentration of 0.5 (ig/ml in coating buffer overnight
at 4Â°C.Plates were washed 3 times with PBS-Tween and further blocked by
incubation with 1% HSA for l h at 37Â°C.Serum samples diluted 1:200 in
PBS-Tween were incubated for 4 h at 25Â°C followed by 3 washes with

PBS-Tween. Development was with an alkaline phosphatase-labeled goat anti-

human IgG antibody (1:1000 in PBS; Sigma) for 2 h followed by substrate as
described above. For comparison, a dilution series of rabbit anti-human IgM
(Dako) was applied to COU-1 coated wells, followed by development with
alkaline phosphatase labeled goat anti-rabbit IgG antibody (diluted 1:1000 in
PBS-Tween, Sigma). The rabbit anti-IgM was not affinity purified, but purified

IgG from antiserum. According to the manufacturer about 1% of the rabbit IgG
would be anti-IgM antibody. Antibody against BSA was estimated by applying

patient serum samples to wells coated with 1% BSA. Incubation, etc., was as
described for the estimation of anti-COU-1 antibody.

Assay for Complement Activation. Complement activation was judged by
the so-called "double-decker" rocket immunoelectrophoretic (IE) assay of the

complement C3 split product, C3d (28).
In this assay, serum samples are electrophoresed through an anti-C3c-

containing gel that retains intact C3, and any free C3d then forms rockets in an
anti-C3d-containing gel.

Estimation of COU-1-bound I31I in Patient Sera. Sera (15 /Â¿I)from each

bleeding of all patients were loaded into wells of agarose gels containing 1/100
volume of rabbit anti-human IgM antibody (Dako). After electrophoresis at 8
V/cm overnight, areas of the gels containing individual IgM-anti-IgM precipi
tates were cut out and counted in a well-type scintillation counter.
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Immunoscintigraphy. Serial immunoscintigraphy scans were acquired
with a SOPHA gamma camera (type DSX rectangular; SOPHA Medical, Bue.
France) at days 1, 2, 3, 5, and 7 after COU-1 administration. A high energy,
general purpose collimator (type MR.HE 15.360) was used with a 40- x 54-cm
field of view and a 15% energy window centered over the 131Iphotopeak (364

keV). Whole-body images including anterior and posterior views were ac

quired with a scan speed of 20 cm/min and stored in matrixes of 512 X 2048
pixels. Stationary views (10-20 min each) covering regions with suspected

cancer were also obtained. The natural background of the day was registered
as average counts/pixel/s from a 512 X 512 matrix acquired with the same scan
speed. Whole-body counts were calculated as the geometric mean of anterior
and posterior whole-body values, corrected for natural background. The whole-

body retention at day 1 plus the activity excreted in the urine until then (about
20 h after administration) was considered to represent 100% of dose. The
images were analyzed by manually drawing regions of interest over the liver,
lungs, tumor, and a "neutral abdominal background" area (i.e., not involving

the urinary tract, bones, iliac blood vessels, or occasional fecal activity).
Geometric means were obtained after corrections for physical decay and natu
ral background. Counts from the tumor region of interest were additionally
corrected for normal tissue activity using average pixel counts from the "neu
tral abdominal background" region of interest. All values were expressed as a

percentage of administered dose and a percentage of whole-body retention of

the day. The images were interpreted before and after surgery, and the results
were compared to the radiographie and surgical findings. The images were
interpreted as positive when focal areas with increased uptake were seen on the
scintigram. Areas corresponding to sites of physiological uptake (bladder,
blood pool, and thyroid) were excluded.

Immunohistochemical Technique. Tissues were formalin-fixed (4% for
maldehyde, 75 HIMsodium phosphate, pH 7.0) for 24 h at 25Â°Cand paraffin

embedded. The blocks were cut into 5-/xm sections, deparaffinized in xylol,

and rehydrated through graded alcohols. Excess liquid was removed, and the
sections were washed in PBS-Tween. The tissue sections were either (a)

processed untreated or (b) demasked by incubation with 0.01% Pronase (Pro
tease XIV; Sigma) for 12 min at room temperature or by treatment in distilled
water in a microwave oven twice for 5 min at 750 W. The tissue sections were
then incubated overnight at 4Â°Cin a humidified chamber with 50 /Â¿Iof human

monoclonal IgM antibody at 5-10 /xg/ml or polyclonal human IgM (Cappel) as
a control. The slides were washed and incubated with horseradish peroxidase-
labeled rabbit anti-human IgM (Dako) diluted 1:400 in PBS with 10% (w/v)
BSA for 2 h at 25Â°C.After being washed, the enzyme was visualized by

development with a chromogenic substrate (0.6 /xg diaminobenzidine per ml
PBS with 0.01% H2O2). The sections were counterstained with Mayer's he-

matoxylin, and the formalin-fixed, paraffin-embedded sections were dehy

drated in xylene before mounting in Aquamount (Gurr, Poole, England). The
staining intensity was graded as follows: -, no staining; +, weak staining; + +,

moderate staining; + + +, strong staining.
Distribution of Radioactivity in Tumor Tissue. At laparotomy, tumors

and normal tissues (apparently normal colon epithelia, omentum, and muscle)
were collected, and each sample was weighed and counted. To analyze the
distribution of radiolabeled Mah within the tumor, a 5-mm-thick sagittal sec

tion was cut through the whole tumor. This section was cut into approximately
5- x 10-mm blocks. After the position of each block was recorded, it was

weighed and counted for radioactivity. The counts were expressed as a per
centage of injected dose/g of tissue. Parallel to the sagittal section, another
section was taken for histopathological and immunohistochemical investiga
tions.

RESULTS

Characterization of Conjugated Antibody. Purified human anti
body COU-1 was labeled with '-"I. The specific activities of the final

radiopharmaceutical ranged from 120 to 250 MBq/mg. The fraction of
free U'I present just before administration ranged from 2.1 to 6.0% of

total activity (average, 3.7%) as determined by thin layer chromatog-
raphy. By GPC on a G-25 column, the figures were 2.8-6.4% (aver
age, 4.8%). No difference in antigen binding activity (immunoreac-

tivity) were found between the conjugated and unconjugated antibody
in the cell sonicate binding assay. The conjugated antibody prepara

tions were found to contain 4% aggregates by GPC on a SuperÃ³se 6
fast protein liquid chromatography column. The conjugated antibody
was centrifuged for 15 min at 15,000 X g in order to examine for
larger aggregates or immune complexes, which due to their size might
stick to the chromatography beads. The radioactivity in the precipi
tates were measured to 3%, indicating that all precipitates were de
tected by GPC.

Serum samples drawn from patients up to 3 days postinjection were
subjected to analysis by GPC in order to further examine the integrity
of the 131I-labeled COU-1. As shown in Fig. 3B, virtually all the1

radioactivity in the serum was associated with the IgM peak. No
radioactivity eluted in the void volume, indicating no aggregation of
COU-1 and no formation of immune complexes. No changes devel

oped in the integrity of the Mab conjugate throughout the investiga
tion.

The IgM peak fractions from all GPC analyses were subjected to a
cell sonicate binding ELISA to examine the antigen-binding ability of
the circulating COU-1. The results revealed that, on day 3, more than
90% of the antigen-binding activity was preserved.

Toxicity and Clinical Observations. Ten patients (6 females and
4 males) with suspected colorectal carcinoma participated in this trial.
None developed toxicity or adverse effects after administration of 2
mg 131I-labeled human COU-1 Mab. Additionally, no significant clini

cal responses to the infused Mab occurred during the 3 weeks after
antibody infusion as judged from levels of alkaline phosphatase, lac-

tate dehydrogenase, alanine aminotransferase, bilirubin, creatinine,
carbamide, hemoglobin, total leukocyte count, differential leukocyte
count, sodium, potassium, calcium, and erythrocyte sedimentation
rate. The complement system was not activated, since the level of C3d
remained within the normal range in all patients and without any
significant increase.

Anti-COU-1 Responses. The patient sera taken before Mab ad

ministration and 1 and 3 weeks afterward were examined for antibody
to the injected human Mab COU-1. In a latex the agglutination assay,
none of the patients' serum samples showed IgM agglutination either

before or after Mab injection. To examine the sensitivity of the assay,
dilutions of a rabbit IgG anti-human IgM antiserum were applied to

the latex particles. Agglutination then occurred at about 34 ng/ml.
Also, an ELISA for IgG antibody against COU-1 showed no signifi

cant changes throughout the observation period. The sensitivity of this
assay was then examined by applying dilutions of a rabbit IgG anti-
human IgM antiserum to the COU-1-coated wells. The highest dilu
tion of the anti-IgM applied, estimated to contain approximately 10 ng

0.6
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Patients
Fig. 1. IgG anti-COU-1 levels in serum samples taken before Mab administration (â€¢),

and 1 (M), and 3 (D) weeks after administration.
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.

B
Fig. 2. Anterior abdominal images of patients 7 days after Mab COU-1 infusion. Arrows, positions of the cancers. (Â¿4) Laparotomy of a 71-year-old female with suspected cancer

(patient 1) did not reveal cancer, but only adhesions; (B) 54-year-old male (patient 5) with a colon carcinoma (diameter of 3 cm) located in the cecum, but no metastasis; (C) 68-year-old
female (patient 9) with a rectal adenocarcinoma. with no spread.

of antibody/ml, gave an absorbance reading of 0.4. Parallel assays of
anti-COU-1 in patient sera all gave readings, of about 0.2 (Fig. 1). As

a further control, the ability of ELISA to estimate human antibodies
occurring at low concentrations was tested by measuring anti-BSA
antibody in patients' sera. As expected (29, 30), the readings obtained

showed interindividual variations, from 0.2 to 0.55 and, in all patients
except one were higher than those for anti-COU-1 antibody measured

in parallel.
Itnmunoscintigraphy. Standard anterior and posterior whole-body

gamma camera images as well as stationary abdominal images were
obtained at days 1, 2, 3, 5, and 7 after Mab administration to evaluate
the best imaging time and to collect data for evaluating the pharma-

cokinetics. Tumors were optimally outlined on days 5 or 7. Tumor
detection was successful in seven of the nine patients with cancer
(78%). Scans from two patients in whom 13ll-labeled COU-1 detected

the primary tumor are presented in Fig. 2 (B and C). For the remaining
patient, patient 1, X-ray of the colon showed a stricture in the distal
part of the descending colon, suspected to be caused by cancer. Im-
munoscintigraphy, however, revealed no accumulation of COU-1

(Fig. 24). At laparotomy, the cause of the stricture proved to be
adhesions, not cancer. This patient thus represents a definitive true
negative.

The primary colorectal carcinomas detected by COU-1 were lo

cated in the cecum, ascending colon, and rectum; the smallest of these
lesions was 3 cm in diameter. In two other patients (patients 3 and 10),
both with retrovesically located rectal cancers, the tumors were indis
tinguishable from the bladder activity on the scans even after washing
of the bladder. In another patient (patient 2), ultrasound revealed two
distinct mÃ©tastasesin the right liver lobe. Accordingly, surgery was
planned to remove the primary tumor and also to evaluate if partial
resection of the liver was feasible. However, immunoscintigraphy
revealed the primary tumor as well as a significant accumulation of
radioactivity diffusely distributed over the entire liver, indicating the
presence of multiple liver mÃ©tastases.This was confirmed by the
laparotomy. In patient 4, immunoscintigraphy scans showed no accu
mulation of Mab in the colon; instead, activity focused in the central
part of the abdomen. Subsequent laparotomy revealed a pancreatic
cancer. Liver metastasis in this patient and three small (1 cm in
diameter) liver mÃ©tastasesin another patient (patient 6) were not
revealed by immunoscintigraphy. Neither were any metastatic lymph

nodes adjacent to the primary tumor identified. In total, 13 tumors
were detected of 18 known lesions. Table 1 is a compilation of data on
the ten patients.

Pharmacokinetics. The clearance of 131I-labeled COU-1 from the

circulation varied significantly within the patient group (Fig. 3A). The
clearance showed a triphasic pattern with an initial, very fast phase
(mean f^ 0.4 h) that cleared about 23% of the injected dose. A second
phase, clearing about 23% of the injected dose, showed an mean t,Â¿of
13 h. Finally, the third phase, the ÃŸ-phase,exhibited a mean t,Aof 119

h. These results were obtained by measuring radioactivity in the
patients' plasma as well as by using rocket precipitation analysis to

determine IgM-associated radioactivity in their plasma. Both methods

yielded very similar results. At the early time point, slightly higher
clearance values were obtained by measuring the total radioactivity,
but all subsequent values obtained with the two methods were iden
tical. In plasma samples taken within the first h after Mab injection,
about 80% of the 131Iwas IgM bound. During the following 24 h, the
amount increased to about 88%, and still later about 95% of the 13II

was IgM bound.
The whole-body clearance of I31l-labeled COU-1 is depicted in Fig.

4A. These values derive from the geometric means of anterior and
posterior whole-body gamma counts, obtained at days 1, 2, 3, 5, and

7 after Mab infusion and then corrected for physical decay and natural
background. Day 1 measurements were set at 100% minus the radio
activity excreted in the urine before the first measurement. During the
initial phase, of a biphasic pattern, about 28% of the injected dose
cleared, showed a tV2of 16 Â±4.8 (SD) h. In the second, ÃŸ-phase,the

mean f^ was 118 Â±24 h. Data from only nine patients were used in
these calculations, since one patient (patient 8) with a goiter did not
receive enough KI for efficient blocking of the thyroid radioiodine
uptake.

The isotope was excreted mainly through the kidney, even though
the patient with the pancreatic cancer excreted a large amount through
the gastric tract. Analysis of the data shows an excretion of 23 Â±7.6%
of injected radioactivity at day 1, 51 Â±4.1% at day 3, 62 Â±5.5% at
day 5, and 67 Â±5.8% at day 7. These findings are consistent with the
observed retention of 131I.

Using the whole-body images and region-of-interest analysis, we

determined counts in the liver, lungs, tumor and a contralateral area of
the tumor (body background). The kinetics of radioactivity in the
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100

Fig. 3. (A) Clearance of '"1-labeled COU-1

from the circulations of all ten patients investi
gated. , mean Â±SD; , range; (B) CPC
analysis of "'1 Mah COU-1 in scrum samples from

a patient. After passage through a SuperÃ³se 6 col
umn, fraction were collected and the ml was mea
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livers is depicted in Fig. 4B. Hepatic uptake was most pronounced
within the first 24 h after Mah administration. After that time, the
radioactivity cleared faster from the liver than from the whole body.
The three patients with multiple liver metastasis (patients 2, 4, and 6)
had significantly more radioactivity in their livers (P < 0.005) than the
other patients; however, clearance from metastatic and nonmetastatic
livers did not differ significantly. The kinetics of radioactivity in the
lungs followed that of the whole body. Regions of interest in these
patients lungs contained 3.8-6.8% of the retained dose. Only 3 of the

detected primary colorectal tumors were located in a way that allowed
the estimation of the accumulated radioactivity to be separated from
the surrounding nonspecific isotope deposits. Fig. 4C depicts the
kinetics of the radioactivity of these 3 tumors. Of these 3 patients, 2
had a small increase of radioactivity in the tumor expressed as % of
retained activity.

Tumor Tissue Analysis. Generally, 8 days after antibody admin
istration the primary tumors were surgically removed. The uptake of
the radionuclides into the removed tumor biopsies were 0.51 Â±0.13%

5924

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/24/5920/2452407/cr0530245920.pdf by guest on 19 M

ay 2023



DETECTION OF COLORECTAL CANCERS WITH HUMAN ANTIBODY

100

345
Days after administration

i 8,5

345
Days after administration

0,3

>- 0,25

Â£ 0,2

.Â£

ÃŒS0,15i
1â€¢I 0,1

0,05

6 8lÃ¬ 1 2345

Days after administration

Fig. 4. Whole-body, liver, and tumor radioactivity of patients infused with human Mab
COU-1. (A) Whole-body radioactivity determined using the geometric mean of the an
terior and the posterior whole-body counts and corrected for the natural background and
physical decay. Ellipses, mean Â±SD for nine patients. , sum of the two straight lines
(biphasic model), which are the mean of the nine patients' individual regression lines. The

radioactivity in the liver (B) and tumor (C) as a percentage of the activity retained in the
whole-body. The three patients with multiple liver mÃ©tastases(patients 2, 4, and 6)
retained significantly more radioactivity in their livers (P < 0.005), determined by using
region-of-interest analysis. (C) The tumor values are the geometric mean of the anterior
and posterior regions of interest minus the geometric mean of a contralateral area of the
same size.

of injected dose/kg. To evaluate the distribution of radiolabeled Mab
within tumors, we cut a 5-mm-thick sagittal section through the center

of the tumors and then dissected it further. Fig. 5 illustrates the

distribution of radioactivity within a primary tumor and 1 adjacent
metastatic lymph node. Areas of histologically verified predominantly
vital tumor tissue (Fig. 5, B and C) contained more radioactivity per
g tissue than did areas of predominantly necrotic tumor tissue (Fig.
5F), areas with connective tissue and fat cells (Fig. 5, K and A/), and
normal colon epithelia. The level of radioactivity was highest in an
adjacent lymph node (Fig. 5N), about 95% of which was poorly
differentiated adenocarcinoma cells.

Immunohistochemical Analysis. The tumor tissues removed from
the patients were formalin fixed and reacted with Mab COU-1.

Stained areas were found in all cancers, but with a marked difference
apparent in the intensity of staining among individual tumors. Pronase
treatment increased the staining intensity, and microwave treatment
provoked an even greater increase while simultaneously reducing the
background staining with normal human IgM. Among the 8 primary
tumors tested (microwave treated), 3 tumors showed strong (3+)
staining, 2 showed moderate (3+) staining, and 3 showed weak (1+)
staining (Table 2). The two cancers which were not detected
by immunoscintigraphy showed, respectively, moderate and weak

staining.

DISCUSSION

In the clinical trial described we have investigated the safety and
tumor-localizing ability of a human IgM Mab, COU-1, directed
against a panadenocarcinoma-associated antigen. This Mab caused no

adverse effects in any of the ten patients examined. Neither the chemi
cal nor the hematological profiles obtained during a 3-week period

after administration of the Mab revealed any evidence of toxicity.
Importantly, there were no signs of complement activation. The oc
currence of antibody responses to the injected COU-1 was estimated

by agglutination assay for IgM antibody and by ELISA for IgG
antibody. Neither of the assays, performed on patients' serum samples

from the time of infusion of COU-1 and up to 3 weeks thereafter,
showed any evidence of anti-COU-1 antibody responses. The signifi

cance of such negative observations is difficult to evaluate but we
have approached an evaluation by estimation of the sensitivity of the
agglutination assay by agglutinating the COU-1-coated latex particles
with rabbit anti-human IgM. This rabbit IgG preparation, at about 30

ng/ml, gave positive agglutination. Considering the general assump
tion that IgM antibody molecules are 100- to 1000-fold more active

than IgG antibodies in agglutination assays one would expect that the
assay used should have detected even very low levels of antibody of
the IgM class. The apparent absence of IgG antibodies to COU-1, as

judged by ELISA, was evaluated by examining the sensitivity of such
an assay for detecting rabbit anti-human IgM. The conclusion was that
the possible IgG anti-COU-1 responses were well below 10 pg/ml

serum. This approach does have some limitations: the exact concen
tration of antibody in the rabbit anti-IgM preparation is not known, but
more importantly, the same developing reagents (alkaline phospha-
tase-labeled anti-human or anti-rabbit antibody) could not be used in

both assays. Nevertheless, the absence of significant increases in the
signals, considering the general level of sensitivity of the ELISA,
indicate that neither IgG nor IgM anti-COU-1 antibody responses

occurred in our patients. In support of this interpretation were also the
results from analyzing anti-BSA antibody in the sera. Such anti-

dietary antigen antibodies are known to occur in normal human sera
at widely varying concentrations, generally in the 10-100-ng/ml range
(29, 30). We found anti-BSA in all these patients' sera in variable

amounts. We did not attempt to quantitate this antibody since the main
message was that the ELISA system easily identified anti-BSA anti

bodies, occurring at low concentrations, with stable results for each
patient and considerable variations between patients. This substanti-
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Fig. 5. Hematoxylin-eosin stained tissue section of a primary colon tumor (patient 2). An adjacent section (5 mm) was further dissected into blocks, and the amount of radioactivity
in each block was measured. Values in upper left corner of each block, cpm/g.

Table 2 Jmmunohistochemical analysis of the investigated patients' surgically removed tumor tissue with antibody COU-1

Patient

5 (ig/ml + Pronase
10 fig/ml - treatment
10 jig/ml + microwave
Control1

2NT"
+

NT +
NT + + +
NT3456

7+

+ + + NS +
- + NS +

+ + + + NS + + +
- - NS8

910+

+ + +} +

' NT, no tumor; NS, no surgery.

ates the assumption that IgG anti-COU-1 responses would have been

revealed, even though sera were available only through the first 3
weeks following antibody administration.

13'[-labeled COU-1 was able to localize cancer in 7 of 9 patients

examined with immunoscintigraphy. In 1 of the 10 patients with
suspected cancer COU-1 failed to accumulate at the expected site and

subsequent surgery confirmed that no cancer was present. The two
cancer patients who were judged negative by immunoscintigraphy
both had rectal tumors located just behind the bladder. The clearance
of 131I through the kidney seems to be a limiting factor for the

localization of smaller tumor in the pelvic region. The use of single-
photon-emission-computerized tomography may increase the detec

tion rate of tumors located near the bladder or other organs that absorb
large amounts of radioactivity. The relatively low counts at days 5 and
7 after Mab administration may, however, be insufficient to obtain
statistically adequate data for single-photon-emission-computerized

tomography reconstruction.

The liver is the most common site for mÃ©tastasesof colorectal
adenocarcinoma. Three of the patients examined had multiple liver
mÃ©tastases.In one patient this was revealed as accumulations of
radioactivity in the liver region as seen on the scintigram. Region-of-

interest analysis showed that the livers of all three patients had sig
nificantly more radioactivity than non-tumor-containing livers. From

the clearance curves (Fig. 45), it appears that the radioactivity in the
tumor-containing livers was cleared at a slower but not statistically

significant rate.
The results presented here seem promising, especially considering

that the isotope used is not ideal for imaging. Labeling of the antibody
with 131I allowed the collection of detailed pharmacokinetics data

over a prolonged period of time. However, this isotope has certain
disadvantages such as y-rays too high in energy for optimal imaging,
a rather high radiation dose to the patients from ÃŸ-radiation,and in

vivo dehalogenation. It is likely that the use of other isotopes may
improve the results.
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The clearance of COU-1 from the circulation followed a triphasic

pattern with an initial rapid phase (mean /,/, of 0.4 h) clearing about
one-fourth of the injected dose, followed by a less rapid phase (mean
tt/i 13 h) clearing another one-fourth of the injected dose. These

components include clearance of free iodine, clearance of aggregates
and damaged antibody, and equilibration of IgM between the intra-

vascular and extravascular compartments. The third phase, the ÃŸ
phase, had a mean half-life of 119 h (5 days). This value is in

accordance with the normal clearance rate of IgM in humans, the
half-life of which is 5 days (31). However, our results differed from

previous reports on clearance of human monoclonal IgM antibodies.
The IgM antibody, 16-88, labeled with 131I was reported to have a

monophasic serum clearance with a half-life of 21 h (32). The human
IgM antibodies YBM-209, YBY-088, and YBB-190 all labeled with
'"In had clearances of about 50, 22, and less than 12 h (33). In a nude

mouse model, we found that more intense labeling of the antibody
lead to faster clearance (21). Others have made similar observations in
humans (34). The antibody 16-88, however, cleared at t^ =21 h
whether unlabeled or labeled with 13II (32). The pharmacokinetics of

an antibody may be influenced by a number of factors. Besides some
individual variation dependent upon tissue reactivity and dose, other
factors are the integrity and immunoreactivity of the injected antibody,
as well as the presence of circulating antigen and human anti-immu-

noglobulin antibodies. A shorter clearance time has been reported to
result from harsh purification (34).

The overall amounts of radioactivity in the tumors we examined
were, as found for many others Mab-treated tumors, rather low (0.51

Â±0.13%). One might speculate that this in part may be because the
Mab recognizes a predominantly intercellular antigen; however, mi-

croanalysis of the resected tumors revealed greater amounts of radio
activity in the vital tumor tissue than in necrotic tumor tissue (the
difference was not statistically significant). The amounts of radioac
tivity found in the vital tumor tissue were also greater than those found
in normal tissues such as colon, muscle, and omentum. The most
radioactivity per g tissue was found in a mesenteric lymph node with
metastasis. Antigen from necrotic cancer cells may possibly be shed
into the surrounding vital tissue. Others have indicated that 10-40% of

carcinoma cells from the breast were permeable to macromolecules
even though no difference in morphology could be detected in their
impermeable counterparts (35). Recently, reports indicated that some
cytokeratins, including cytokeratin 18 are expressed on the surfaces of
certain carcinoma cells (36, 37). Utilizing an immunocytochemical
technique, we have also observed that COU-1 binds to a subpopula-

tion of cultured colon cancer cells (colon 137) and breast cancer cells
(MCF-7) (19, 20). However, with the technique used, it was not

possible to decide whether or not the stained cells were in the process
of dying. A different technique showed that the human antibody 16-88
recognized a complex of predominantly intracellular cytokeratin-re-

lated antigens and also reacted in vivo with vital cancer cells (38).
Using this antibody, Steis et al. (32) imaged 58% of known lesions
larger than 2 cm in diameter in 12 patients with colon cancer. How
ever, only 28% of the 60 known lesions were detected. Similar results
were found by Boven et al. (39). Elsewhere, antibody against an
intracellular antigen, the murine antibody TNT-1 reactive with nuclear

histones, not only accumulated in tumors but also had a therapeutic
effect (40, 41).

The combined observations suggest that the general concept that an
antibody must to be directed against a cell surface antigen to be useful
for cancer detection and therapy is not necessarily valid. A cocktail of
antibodies against predominantly intracellular antigens and antibodies
to surface antigens may be the ideal tool for this purpose. The results
obtained from this initial trial indicates that COU-1 may be a useful

tool for immunodetection and perhaps also for therapy.

Factors that may limit the amount of antibody entering a tumor are
the poor and heterogeneous blood supply within tumor tissue, limited
extravasation, and the interstitial distance to the tumor cells (42). It is
generally assumed that, due to its large size, the IgM molecule ex-

travasates relatively slowly and may thus be less than optimal for
imaging. It has been reported that fragmentation of murine IgG Mabs
to F(ab')2 and Fab fragments improves tumor imaging characteristics

(43, 44), which has been attributed to a faster rate of extravasation and
increased rate of excretion and catabolism of unbound antibody. We
recently showed that antigen-binding monomeric and half-monomeric
fragments can be obtained from the Mab COU-1 and that these frag

ments localize effectively to tumors of nude mice (22). Such frag
ments labeled with a more optimal isotope (e.g., WmTc, '"In, and
12;tl) may further improve the tumor detection rate.
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