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Abstract

The effect of intraperitoneal administration of *?P col-
loids on the distribution of T lymphocyte subpopulations
and monocytes was studied using monoclonal antibodies
and a flow cytometry technique. Thirty-nine patients with
ovarian carcinoma without residual tumor after primary
operation were examined either before the administration
of 260 to 370 MBq of *’P, 4 to 6 days after therapy, or 4 to
10 months after therapy. A significant reduction of circu-
lating OKT4+ (T helper) cells occurred after therapy, and
the reduction lasted throughout the observation period.
Monocyte numbers were not significantly changed. It is
concluded that intraperitoneal instillation of the *2P iso-
tope may induce the same type of changes in circulating
lymphoid cells as those seen after external field irradia-
tion.

Immunosuppression is an unwanted side effect of
radiation therapy. After external field irradiation,
long-lasting depressions of T lymphocyte numbers
and of T cell responses have been found (10, 14, 22).
Radiation-induced immunosuppression is further
characterized by aberrations in the distribution of T
cell subsets (17). A relative increase in the number
of immunosuppressive monocytes after radiation
therapy may also be of importance (2).

The lymphopenia seen during and after radiation
therapy may have several causes: irradiation of cir-
culating blood, bone marrow, or lymph nodes.
HEIER et coll. (10) consider the irradiation of periph-
eral blood to be most important. Intraperitoneal
instillation of 3*P colloid causes irradiation of sever-

al lymph nodes and lymph vessels with very low
doses delivered to blood and bone marrow (3). This
gives us an opportunity to study selectively the
effect of lymphoid tissue irradiation on blood
lymphoid cells in man.

The hybridoma-produced monoclonal antibodies
OKT4 and OKT8 are considered to characterize
mainly the T helper cells and the T suppressor/cyto-
toxic cells respectively (20); and the OKT4/OKT8
ratio is a commonly used parameter for the compe-
tence of the T cell immune system. Monocytes are
identified by the monoclonal antibody 1D5 (12). By
the use of these antibodies and a flow cytometry
technique, our purpose was to study the distribution
of blood lymphoid cells in patients treated with 3’P
colloids intraperitoneally.

Material and Methods

Patients. The 39 patients examined were under
treatment for ovarian carcinoma. In all cases, hys-
terectomy, bilateral salpingo-oophorectomy and
omentectomy had been performed, and there was
no macroscopic tumor remaining after surgery. The
majority of the patients were operated upon before
the referral to our institution. The 32P labelled col-
loidal suspension was instilled during relaparotomy
or, in a few cases, during laparoscopy. The suspen-
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sion contained chromic hydroxide particles with
diameters between 0.1 and 1 um (P-32-C8 from
Sorin, Italy), and the amount of *’P given ranged
from 260 to 370 MBq depending on the weight of the
patients. The radioactive suspension was instilled
together with 2 1 of physiologic saline. Three groups
of individually different patients were examined: 15
patients were examined before 2P instillation; 10
patients were examined 4 to 6 days after >?P instilla-
tion; and 14 patients free of recurrence were seen 4
to 10 months after the therapy. Table 1 shows that
the distribution according to age, stage of disease
(FIGO classification), and histologic type of tumor
was. fairly even in the 3 groups of patients.

Cell separation, surface markers, and flow cyto-
metry. Venous blood with EDTA as an anticoagu-
lant was taken in the morning and the tests were
performed immediately. Total leucocyte and differ-
ential counts were done. Mononuclear cells were
obtained by Ficoll-Isopaque floatation (4). The cells
were washed twice in RPMI 1640 medium supple-
mented with 3 mg/ml bovine serum albumin. All cell
handling was done on ice. An indirect immuno-
fluorescence technique was used for quantitation of
lymphoid cell populations, as described earlier (16).
Briefly, T cell subsets were identified by the mono-
clonal antibodies OKT4 and OKT8 (Ortho Pharma-
ceuticals, Raritan, New Jersey, USA), and mono-
cytes by the monoclonal antibody 1D5 (12). Binding
of antibody to cells was detected by FITC-conjugat-
ed sheep anti-mouse Ig (N 1031, Amersham, Eng-
land). Cells incubated with second layer antibody
only served as negative controls. The samples were
analysed in a model 50-H Cytofluorograph (Ortho
Instruments, Westwood, Massachusetts, USA), in-
terfaced with a 2150 computer system. The OKT4+
and OKTS8+ fractions were determined as percent-
ages of the total lymphocyte count. The 1D5+ frac-
tion was determined as a percentage of the total
mononuclear cell count.

Individual and median results within each group
are given, and the difference between groups of
results is evaluated statistically by the Wilcoxon’s
rank sum test.

Results

Leucocytes. The white blood cell counts, as de-
termined by total leucocyte and differential counts,
were not significantly changed after *?P treatment
(Table 2). The median number of lymphocytes was

Table 1

Distribution according to age, stage, and histology in groups of
patients with ovarian carcinoma examined before or after intra-
peritoneal administration of **P colloids

Before 4-6 days 4-10 months
2p after 2P after 2P
(n=15) (n=10) (n=14)
Age (years)
Median 54 56 53
Range 26-70 29-72 31-73
Stage (FIGO)
1 12 9 10
I 2 1 2
I 1 - 2
Histology
Serous 2 1 4
Mucinous b 3 4
Endometrioid 2 3 2
Clear-cell 3 2 1
Mixed 2 - 1
Undifferentiated 1 1 2
Table 2

White blood cell counts in groups of operated patients with
ovarian carcinoma examined before or after intraperitoneal ad-
ministration of P colloids. Median numbers per 1x10™° and

ranges
Cell Before 4-6 days 4-10 months
population 32p after 32P after 2P

(n=15) (n=10) (n=14)
Total leucocytes 5.6 5.9 4.9

(3.3-9.00 (4.9-8.4) (2.5-9.5)
Granulocytes 3.0 34 3.0

(1.9-5.1) (2.6-6.0) (1.4-7.1)
Lymphocytes 1.8 1.7 1.5

1.2-3.00 (1.0-3.2) (0.8-1.9)
Monocytes 0.2 0.4 0.3

(0.1-0.4) 0.1-0.5) 0.1-0.5)

slightly reduced in the group examined 4 to 10
months after treatment.

T cell subpopulations. Following *?P treatment, a
reduction in the relative content of OKT4+ (T help-
er) cells occurred (Fig. 1). This decrease was most
marked in the group examined 4 to 10 months after
therapy (the median value being 35%, compared
with 47 % before therapy, p<0.005). The relative
content of OKT8+ (T suppressor/cytotoxic) cells
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Fig. 1. The fraction of OKT4+ (T helper) cells, OKT8+ (T
suppressor/cytotoxic) cells, and the OKT4/OKTS ratio in blood
lymphocytes of radically operated ovarian carcinoma patients
examined either before intraperitoneal instillation of *2P colloids,
4-6 days after, or 4-10 months after treatment. Individual and
median results for each group are indicated.

Table 3

Absolute numbers of circulating OKT4+ (T helper) cells and

OKT8+ (T suppressoricytotoxic) cells in patient groups exam-

ined before or after intraperitoneal administration of ¥*P col-
loids. Median numbers per [x10™® and ranges

T cell . Before 4-6 days 4-10 months
subpopulation 32p after 32p after 32P
(n=15) (n=10) (n=14)
OKT4+ cells 826 654 598*
(474-1 588) (374-1274) (198-714)
OKT8+ cells 394 340 356
(184-571) (207-1 171) (212-497)

* Significantly different from pretreatment value, p<0.005.

was slightly increased after 3?P treatment, whereas
the median OKT4/OKTS8 ratio became significantly
depressed (from 2.4 to 1.5, p<0.005). In terms of
absolute numbers, a significant reduction in the
OKT4+ cell population was found, whereas the
OKTS8+ T cell subset remained unchanged (Table
3).

40|
2 .
© 30} .
(&) . -
geop ¢ i +
10 . .
R i .
0 S ,
Before 4-6 days 4-10 months
2p after 32P after 32P

Fig. 2. The fraction of 1D5+ cells (monocytes/macrophages) in
blood mononuclear cells from the same patients as in Fig. 1.

Monocytes. The relative number of 1D5+ cells
was slightly higher 4 to 10 months after *2P therapy
than before therapy (median numbers 20% and
14%, p=0.05) (Fig. 2). The absolute number of cir-
culating monocytes was, however, not significantly
changed.

Discussion

In ovarian carcinoma, the whole peritoneal cavity
is at risk for metastatic spread. In early stages of the
disease, subclinical tumor deposits may be found on
the diaphragm, on the omentum, and in lymph ves-
sels draining the peritoneal cavity (18). Intraperiton-
eal administration of radioactive labelied colloid
particles is widely used in an attempt to destroy
such micrometastases. The preferred isotope is **P
which has a half-life of 14.3 days and emits beta
particles with a range of about 4 mm. The overall 5-
year survival rate for radically operated ovarian
carcinoma is approximately 80 per cent (6). Clearly,
there is need for a careful evaluation of both short-
term and long-term side effects of any adjuvant
treatment given to this patient group.

The side effects of >2P colloids given intraperiton-
eally are considered to be few. Surgical complica-
tions appear much less frequently than after the use
of colloidal '*®Au (5). The present investigation has
shown that intraperitoneal 3?P causes immuno-
suppression by reducing the numbers of circulating
OKT4+ cells and thus reducing the OKT4/OKT8
ratio for a period of at least 4 to 10 months. These
changes are similar to those found after external
field radiation. PETRINI et coll. (17) reported
lowered T helper/suppressor ratios for up to 10
years after radiation therapy for breast carcinoma.

T lymphocytes are known to be highly sensitive to
radiation. For various T cell responses, Dy values of
0.5 to 2.3 Gy are reported (1). Doses as low as 0.15
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Gy may inhibit the generation of cytotoxic T cells in
vivo (9). After intraperitoneal instillation of radio-
phosphor, the dose delivered from 3?P circulating in
peripheral blood is estimated to 0.012 Gy, and the
dose delivered in the bone marrow 0.06 (3). The
surface dose delivered by 3?P colloids adherent to
the peritoneum was estimated to approximately 30
Gy. It is reasonable to assume that this gives a
significant irradiation of lymphoid cells circulating
in small vessels beneath the peritoneum.

After intraperitoneal instillation, a part of the col-
loid particles will be drained from the peritoneal
cavity through the lymphatics. Phagocytic cells of
the monocyte/macrophage series probably partici-
pate in this transportation. The radiation sensitivity
of these cells is considered to be low; and some
monocyte functions may even be activated by radi-
ation (1). In the present investigation, no significant
change in the aboslute number of circulating mono-
cytes was seen. It is unlikely, therefore, that 3?P
therapy will damage the monocyte/macrophage
branch of the immune system.

The accumulation of radioactivity in intrathoracic
lymph nodes is clearly demonstrated by gamma
camera imaging (3). The cells localized in these
nodes may get a significant radiation dose. The rela-
tive content of OKT4+ cells is higher in lymph
nodes than in peripheral blood (19); and localized
node irradiation would therefore mainly affect the
OKT4+ cell pool. A large part of the lymph node T
cells recirculate between blood and lymphoid tis-
sues. In the rat, it has been estimated that only 5 per
cent of the recirculating T cells are found in the
blood at any time, whereas about 70 per cent are
located in lymph nodes, lymph, and gut-associated
lymphoid organs (8). When 3*P impregnated poly-
ethylene strips are attached to intraabdominal
lymphoid organs, such as the appendix or the
spleen, a profound lymphopenia is induced in the
animal. This does not occur when the strips are
attached to the liver (11). The results of these ex-
periments indicate that the radiation doses given to
lymphoid tissues might be of greater importance
than those given to peripheral blood. Furthermore,
animal experiments have shown that recirculation of
lymphocytes is a rapid process (7). Human peripher-
al lymph contains mainly T cells, and has a higher
OKT4/OKTS8 ratio than blood (13). We think that
the rapid reduction of OKT4 + cells found in periph-
eral blood after intraperitoneal instillation of 2P
colloids may be due to irradiation of regional lymph

nodes. Our observations are in accordance with
those of RICHTER et coll. (21) who observed rapid
and long-lasting depressions of T cell numbers and T
cell responses after endolymphatic administration of
32P colloids.

The prognostic significance of the resuits of this
study remains unclear. The results should, howev-
er, be taken into account when adjuvant treatment
regimens for ovarian carcinoma are planned. Clear-
ly, clinical trials are needed to define the group of
patients who will benefit from adjuvant treatment,
and to define the optimum way of giving this treat-
ment.
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