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ABSTRACT

Five patients with colorectal cancer widely metastatic to peritoneal
surfaces have been treated i.p. with infusions of autologous blood mono-
cytes made cytotoxic by in vitro incubation with human 7-interferon. The
monocytes were purified by a combination of cytapheresis and counter-
current centrifugal elutriation procedures; each week approximately 350
million activated monocytes were given to patients as adoptive immuno-
therapy by a single i.p. instillation. On the eighth cycle of treatment the
trafficking of i.p. infused blood monocytes was studied in two patients by
prelabeling the cells with '"In. These activated cells became distributed

widely within the peritoneal cavity. Two and 5 days after infusion their
position within the peritoneum had not changed. When peritoneal speci
mens were obtained 36 h after '"In-labeled monocyte infusion, labeled

monocytes were demonstrated to be associated with the serosal surfaces
by autoradiographic analysis. Scintiscanning structures outside the ab
dominal cavity revealed that "'In-labeled monocytes infused i.p. did not

traffic to other organs during the 5 days of the study. We conclude that
i.p. adoptive transfer of autologous killer blood monocytes is an effective
way of delivering these cytotoxic cells to sites of tumor burden on
peritoneal surfaces in these cancer patients.

INTRODUCTION

Peritoneal carcinomatosis from colorectal cancer is a fatal
condition without any known form of effective therapy (1, 2).
Of interest is the propensity of large bowel cancer to kill the
patient by i.p. progression of disease in the absence of distant
mÃ©tastases(1). The distinctive natural history of low grade
tumors offers the tantalizing possibility that eradication of
malignant cells within the peritoneal space might eradicate the
disease entirely.

For many years, scientists have been studying the ability of
human blood monocytes to kill various tumor cell lines in vitro.
We recently have demonstrated that the tumoricidal effect of
human blood monocytes against colon cancer cell lines can be
markedly enhanced if the cells are preincubated overnight with
human 7-interferon (3). In an attempt to develop a clinical
protocol in which the tumoricidal effect of blood monocytes
could be tested in cancer patients in vivo, we combined the
techniques of cytapheresis (4) and countercurrent centrifugal
elutriation (5) in a fashion which provides for the routine
purification of hundreds of millions of blood monocytes. These
cells were purified in the absence of antibiotics or other sensi
tizing substances, were sterile, and were endotoxin free; also,
we have developed techniques whereby these normally adherent
cells were cultured in suspension in serum-free medium (6). To
test the potential toxicity and clinical efficacy of our monocyte
purification and activation system in the cancer patients, we
have treated five patients with peritoneal colorectal carcino-
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matosis with weekly infusions of their own activated blood
monocytes into the peritoneal cavity. A central pertinent issue
in this clinical trial was to determine whether the infused
monocytes remained at the site of patient tumor burden,
namely, the peritoneal lining. In this paper, we report the results
of monocyte trafficking experiments performed in two of these
patients following i.p. infusion of radiolabeled autologous cy
totoxic monocytes.

MATERIALS AND METHODS

Patient Selection. All patients in this study had biopsy proven peri
toneal carcinomatosis from large bowel cancer. No hepatic metastasis
or retroperitoneal nodal metastasis or extraperitoneal spread of cancer
was present by clinical and radiological tests. All patients were of good
functional status and had normal hematological parameters.

Protocol Design. After obtaining an informed consent, surgery to
remove all visible i.p. tumor was performed. Generous biopsies of
normal and malignant peritoneal surfaces were obtained. A peritoneal
dialysis catheter was inserted through which activated monocytes were
infused l h postoperatively and then weekly for 15 infusions. Monocytes
were labeled with "'In prior to instillation into the peritoneal cavity on

one occasion midway through the protocol. In one patient a peritoneal
biopsy was performed 2 days following infusion of '"In-labeled mon

ocytes.
Monocyte Purification Technique. Patients were cytapheresed for 2 h

using a double-needle technique and a Celltrifuge II apparatus (Fenwal
Laboratories, Oakbrook, IL) as described previously (7). An average of
6x10' leukocytes were removed from each patient at each cytapheresis

procedure. Monocytes were isolated from the above cytapheresis spec
imens by use of a countercurrent centrifugal elutriation apparatus
(Beckman Instruments, Palo Alto, CA) as described previously (8). The
purity of the monocyte preparations obtained was confirmed on cyto-
centrifuge slide preparations by morphology on Wright's staining, by

nonspecific esterase staining, and by the ability of monocytes to ingest
latex beads as previously described (8). The purity of freshly isolated
monocytes was found to exceed 90% as described previously (8). Via
bility of the purified monocytes as assessed by trypan blue dye exclusion
was found to exceed 98%. The average yield of purified monocytes per
patient procedure was 0.35 billion cells.

Monocyte Culture and Activation Technique. Human monocytes were
enumerated with an automated cell counter (Electrozone/Celloscope;
Particle Data, Elmhurst, IL) and were suspended in a specially formu
lated serum-free medium as described previously (6).

For activation to cytotoxicity, monocytes were cultured at a concen
tration of 10" monocytes/ml in serum-free medium in Teflon labware

as previously described (6). The cytotoxicity activator used was human
natural 7-interferon (Immunomodulator Laboratories, Houston, TX)
at a concentration of 1000 units/ml of culture medium as previously
described (3).

Following 18 h of activation in 7-interferon, the monocytes were
aspirated from the Teflon culture vessels, enumerated, tested for via
bility and sterility, and resuspended in 50 ml of clinical grade peritoneal
lavage medium (Impersol; Abbott Laboratories, Chicago, IL). Mono
cyte purity following overnight culture in 7-interferon was found to be
85.1 + 4.9% (mean Â±SD of 4 experiments) using methods as previously
described (8); contaminating cells were principally basophils and lym
phocytes.

6100

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/22/6100/2430928/cr0470226100.pdf by guest on 19 M

ay 2023



FATE OF ADOPTIVELY TRANSFERRED MONOCYTES

1 Hour
24 Hours

'â€¢

Anterior Abdomen Posterior Chest Anterior Abdomen Posterior Chest

5 Days

B

48 Hours

I

Ã *

Anterior Abdomen Posterior Chest Anterior Abdomen Posterior Chest
Fig. 1. Selected gamma camera images of a patient following the i.p. infusion of '"In-labeled f-interferon-activated blood monocytes. I. l h after monocyte

infusion; B, 24 h after monocyte infusion; C, 48 h after monocyte infusion; D, 5 days after monocyte infusion. Each image was acquired for 10 min.

Activated Monocyte Administration into the Peritoneal Cavity. The
patient's recovered activated monocytes (between 250 to 750 million

cells per treatment) were diluted in 30 ml of Impersol and aspirated
into a syringe, and a test dose of 1 ml of cells was infused over a period
of 1 min into the side arm of the infusion apparatus through which 500
ml of dialysate were rapidly flowing. The infusion was then stopped for
10 min; if well tolerated, the remainder of the cells was infused over a
5-min period. Following administration of the monocytes, an additional
1.5 liters of Impersol were flushed through the Tenckhoff catheter into
the patient's peritoneal space. The patients rotated extensively to help

ensure adequate distribution of the cells throughout the peritoneal
space.

Analysis of Trafficking of '"In-labeled Autologous Monocytes. For
each labeling procedure, 5.0 x 10* 7-interferon-activated monocytes
were labeled with 0.25 mCi of "'In-oxine according to the technique

of Lotze et al. (9). After labeling, unbound indium was washed free,
and the labeled cells were resuspended in 50 ml of Impersol and infused
into the patient's peritoneal space as described above; 0.1 mCi of labeled

cells was injected into each patient. Following infusion, multiple re
gional gamma camera images were obtained at 1, 24, and 48 h as well
as 5 days after injection, utilizing a General Electric Maxicamera MI
535; each image was acquired for 10 min. The data were stored and

Table 1 Corrected decay of bloodstream cpmfrom i.p. injected
1"In-labeled monocytes

Time
(h)0

24
48

120Plasma

(cpm)02147

3707
2290Cells

(cpm)14258

426779Total(cpm)1424054133
3069Plasma/cell

cpmratio0.0

8.3
8.7
2.9%

of '"In counts

in peripheralbloodIN/A"

5
9
7

Â°N/A, not applicable.

processed on a Hewlett-Packard 21MX Scintigraphic Data Analyzer.
Computer-digitized images were analyzed to measure regional uptake
of "'In within major organs and the blood pool at the designated time

intervals. In addition, 1 ml peripheral blood samples were obtained at
these time intervals and the serum separated from the cell pellet; both
fractions were analyzed for radioactivity with a Packard Auto-Gamma
5780 counter (United Technologies, Downer's Grove, IL).

Autoradiographic Studies Performed on '"In-labeled Blood Mono
cytes. One patient had the infusion of "'In-labeled monocytes 24 h

prior to a second laparotomy. At the second laparotomy, surgical
specimens were obtained of the patient's peritoneal lining and frozen

sections were immediately obtained. Paired samples were stained for
esterase activity as well as dipped in autoradiographic photographic
emulsion (Eastman Kodak, Rochester, NY) to determine the numbers
of esterase-positive leukocytes found in the peritoneum bearing the
'"In label. Photomicrographs were taken of the results obtained.

RESULTS

Analysis of Gamma Camera Imaging of Patients following i.p.
Infusion of '"In-labeled Leukocytes. Monocytes infused into

the abdomen appeared to be rapidly dispersed throughout the
peritoneal space within a few minutes. A strong image of the
"'In-labeled monocytes in the patient's abdominal cavity could

be obtained over the next 5 days; no evidence for change in the
pattern of the biodistribution of the monocytes was observed
(see Fig. 1). During the same period of time, no evidence for
accumulation of monocytes in other organs such as the lungs,
liver, spleen, or bone marrow was observed. Displacement of
counts in the right upper quadrant and central abdomen is due
to the volume of the liver and small bowel, respectively; high
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Fig. 2. Degree of monocytic infiltration of
the patient's peritoneum following 16 weeks
of ex vivo leukocyte activation therapy with 7-
interferon-activated monocytes (36 h following
final infusion consisting of '"In-labeled mon
ocytes). A, percentage of esterase stain-positive
cells in the peritoneal lining; li. those perito
neal cells that were labeled with '"In when

autoradiographic analysis of a peritoneal tissue
section was performed.
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circulation of labeled cells into the left upper quadrant reflects
the fact that the patient had a pretreatment splenectomy.

Determination of '"In Counts in the Peripheral Blood follow

ing Monocyte Infusion. As shown in Table 1, blood samples
were analyzed at 0 h, 24 h, 48 h, and 5 days for the appearance
of radioactivity in the peripheral blood. Although gamma cam
era images showed very little change in blood pool counts over
the 5 days of the study, we were able to detect '"In counts in

peripheral blood samples of the patients as early as 24 h after
i.p. infusion. At 48 h, '"In activity released into peripheral

blood was 9% of the total administered dose; this was the peak
amount of '"In found in the peripheral blood throughout the

study. Fractionation of the peripheral blood into serum and
cells revealed that most '"In in the blood was associated with

serum rather than leukocytes.

Autoradiographic Analysis of Leukocytes Found on the Peri
toneal Surface of a Patient at the Time of Surgery. Activated
monocytes were infused into 1 patient 36 h prior to an explor
atory laparotomy. Multiple biopsy specimens of the peritoneum
were obtained. When these specimens were frozen and thin-
section slides made, large numbers of esterase stain-positive
cells were seen on the serosal surface (see Fig. 2a); this contrasts
with a thin rim of esterase-positive cells (approximately 20%
of posttreatment numbers) seen on the peritoneal surfaces the
time of the first surgery (figure not shown). When sections were
placed in photographic emulsion for 72 h, '"In-labeled mono
cytes could be readily discerned infiltrating into the mesothe-
lium. As shown in Fig. 20, these labeled monocytes were located
in the superficial layers of leukocytes found at the peritoneal
surface. It is probable that most of the unlabeled but esterase
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stain-positive cells were monocytes from previous infusions that
had transformed into macrophages.

DISCUSSION

Monocytes and macrophages were the first immunological
effector leukocytes to be characterized over 105 years ago by
Metchnikoff (10). In the past decade we have learned that
human blood monocytes have substantial antitumor activity in
vitro (3, 11, 12). There has recently been great interest in
adoptive immunotherapy utilizing activated leukocytes in the
treatment of cancer, such as the lymphokine-activated killer T-
lymphocyte protocol recently described by Rosenberg et al.
(13).

Our studies to date show that it is possible to infuse large
numbers of purified autologous 7-interferon-activated blood
monocytes without serious toxicities into the peritoneal space
of patients with peritoneal colon carcinomatosis; our Phase I
trial of this treatment modality is nearly complete and a report
on the toxicity/efficacy data obtained will be soon forthcoming.
At this point, it is evident that adoptively transferred '"In-

labeled monocytes are distributed throughout the peritoneal
cavity and remain there for at least 5 days. They appear to
accumulate over the months on the si-rosai surfaces of the

patients. Trafficking of monocytes to liver or other organs of
the body was not observed, and less than 10% of the radiolabel
appears in the blood, mostly in the form of plasma-borne '"In

rather than labeled cells. These observations have a number of
potential clinical applications. Clearly, the toxicity of adoptive
immunotherapy utilizing the i.p. route of administration may
be less severe than following intravascular infusion since the
potential clinical complications of infiltration of other organs
would not be expected. In addition, the ex vivo leukocyte
activation system described in this report allows for the admin
istration of purified cytotoxic monocytes directly into the site
of the malignant process of our patients. This local-regional
treatment may solve a persistent problem regarding immuno
therapy strategies in humans, specifically limitations in our
ability to "home" immunological effector mechanisms to the

site of the malignant process. Moreover, our study indicates
that 7-interferon-activated killer blood monocytes placed in
apposition to peritoneal tumor cells remain in that target area
for at least 5 days. The functional status with regard to tumor-
icidal activity of these cells following i.p. infusion is not known
at present; it is the subject of ongoing investigation. It is hoped
that the clinical system presented in this report will serve as a

model not only for the treatment of other malignant peritoneal
diseases but also for the further elucidation of the physiology
of mononuclear phagocyte function and differentiation in hu
mans.
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