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Abstract The purpose of this study was to investigate
the effect of natural interferon (IFN) on the expression
of placental alkaline phosphatase (PLAP) in a human
seminoma xenograft in severe combined immunodefi-
cient mice. Mice were injected intramuscularly with
3 x 10° U/mouse of IFN, twice a day, for five consecu-
tive days. A significant increase in PLAP level of the
xenografts followed IFN treatment. A radiolabeled anti-
PLAP monoclonal antibody (MAb) was intravenously
injected on the first day of IFN administration in order
to determine if IFN has the potential to enhance the
efficacy of an anti-PLAP MAD in the detection of
seminoma. Enhanced retention of the anti-PLAP MAb
was observed at 7 and 11 days after MAb administra-
tion. Thus, IFN treatment appears to have some effect
on the efficacy of the anti-PLAP MAD in the detection of
seminoma xenografts.
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Introduction

Previously we reported that the serum placental alkaline
phosphatase (PLAP) level was frequently increased in
patients with seminoma [16], and all seminomas were
positive for PLAP in immunohistochemical studies
[2, 23]. We also reported that tissue PLAP level in tes-
ticular seminoma and its lymph node metastasis is
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approximately 80 times higher than that of normal
counterparts [17, 23]. Since PLAP is located chiefly in
the cell membrane, it appears to be the most suitable
target for immunodetection. Indeed, xenografts of HeLa
Hep 2 cells, which produce a comparable level of PLAP
to human seminomas, were successfully imaged using an
1-125 labeled anti-PLAP monoclonal antibody MAb in
nude mice [17]. However, difficulty in imaging for a
human seminoma xenograft in SCID mice was found to
be due to low blood flow [18]. Although there are some
successful reports of tumor imaging with anti-PLAP
MAbs for untreated metastatic seminomas [3, 21], ra-
dioimmunodetection for residual tumors following ra-
diation/chemotherapy appears to have more potential in
clinical application, but it might be more difficult since
therapy-induced necrosis/fibrosis would decrease blood
flow. An approach to overcome this obstacle to good
immunodetection might be enhancement of PLAP
expression on the tumor cells, whereby accumulation of
an anti-PLAP MAD could be augmented.

Interferons are potent antiviral and antiproliferative
compounds [7, 14], and have been shown to have several
of the immunoregulatory properties of glycoproteins
such as cell surface antigens (1, 19). Treatment of human
breast and colon carcinoma cells with recombinant
IFNa was reported to enhance the surface expression of
tumor-associated antigens recognized by MAbs [5]. This
IFN-mediated increase in surface antigens was the result
of both the accumulation of more antigens per cell, and
of an increase in the percentage of cells expressing an-
tigen. It was shown that administration of recombinant
IFN in vivo effectively increased the amounts of tumor
antigen expressed by a human colon xenograft and
augmented the localization of a radiolabeled MAD to the
tumor site [6, §].

In this study, we investigated the effects of IFN on
the expression of PLAP in a human seminoma xenograft
in order to determine if IFN has the potential to enhance
the efficacy of an anti-PLAP MAD in the detection of
seminoma. To confirm the effect of IFN on alkaline
phosphatase activity, the tissue level of liver alkaline
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phosphatase (LAP) was measured simultaneously since
seminoma also contains much higher amounts of LAP
than nonseminoma or normal testis [17, 23].

Materials and methods

Animal model

Male severe combined immunodeficient (SCID) mice, 5-6 weeks
old, were obtained from Clea Japan inc. (Tokyo, Japan), and
maintained in a laminar air flow cabinet under specific pathogen-
free conditions. The mice used in this study were maintained and
sacrificed in accordance with the guidelines of the committee on
animal experimentation of Kanazawa University, Takara-machi
campus. A seminoma xenograft line had been established from an
anaplastic seminoma metastasized to the supraclavicular lymph
node from a 50-year-old patient with an increased serum PLAP
level [18]. The seminoma xenograft line was maintained by serial
subcutaneous transplantation of tumor fragments measuring
3 X 3 x 3 mm, into the back of SCID mice. Tumors of the eighth
and ninth generations were used in the experiments.

Interferon treatment

Mice were injected intramuscularly with 3 x 10° U/mouse of IFN
(human lymphoblastoid interferon, Sumitomo, Osaka, Japan),
twice a day, for five consecutive days. The same schedule was used
for untreated mice, which received injections of 0.9% sodium
chloride.

Monoclonal antibody

Anti-PLAP MAb (HPMS-1) and anti-LAP MAb (HLMS-1) were
obtained from ascites of mice following an intraperitoneal injection
of hybridoma cells [11, 12]. The antibody was then purified with
protein A sepharose. The affinity constants of HPMS-1 and
HLMS-1 were 4.2 x 10°/M and 4.1 x 10'°/M, respectively.

Radiolabeling

The purified MAb was radiolabeled with iodine-125 using the
chloramine-T method [4]. Free iodine was removed on a Sephadex
G 50 medium column (Pharmacia, Uppsala, Sweden). The labeling
efficiency was consistently between 85% and 90%.

Localization study

The radiolabeled antibodies were intravenously injected on the first
day of IFN administration with a total radioactivity of 10 pCi for
the distribution study and 150 pCi for the imaging procedure. In
the distribution study, the animals were killed at various times after
injection, and their tumor, blood, liver, kidney, spleen, muscle and
heart weighed. The amount of radioactivity in each organ was
measured in a gamma well counter. For imaging, radioactivity
distribution in the animals was recorded at various times with a
Gamma camera (Technicare, Sigma 414, Solon, Ohio).

Measurement of enzyme activity

Concentrations of PLAP and LAP in the tissues as well as sera of
SCID mice were measured by monoclonal immunocatalytic assays
(MICAs) as previously reported [9]. Briefly, the microtiter plates
were coated with 100 pl of purified MAb (7 pg/ml) dissolved in
phosphate buffered saline containing 0.02% sodium azide at 4°C
overnight. After removal of the unbound MAD, the plates were

coated with bovine serum albumin, then kept at 4°C until use. One
hundred pl of aliquots of the samples were added to each well and
were allowed to react at 4°C for at least 12 h. After washing, 100 pl
of substrate solution, prepared according to the International
Federation of Clinical Chemistry (IFCC) method [13], were added
to each well and the plate was incubated at 37°C for the appro-
priate length of time. The resulting yellow color, corresponding to
the intensity of activity was tested at 405 nm using an automatic
immunoplate reader and the activity of the isozyme was calculated
making use of the standards of alkaline phosphatase isozyme

Fig. 1a, ¢ Microscopic images of the original tumor of the anaplastic
seminoma metastasized to the supraclavicular lymph node (a) and
seminoma xenograft in severe combined immunodeficient (SCID)
mice (b). Immunoperoxidase staining of seminoma xenograft for
placental alkaline phosphatase monoclonal antibody (PLAP MAD)
(¢). (Original magnification x400 for a and b, and x100 for C)



activities determined simultaneously. Extraction of PLAP and LAP
in tissue homogenate was performed with butanol [20].

Statistical analysis was performed with the Mann-Whitney
U test.

Results

Histologic findings of the original tumor and of the
xenograft, as well as immunohistochemical staining of
the xenograft for PLAP are shown in Fig. 1. The
xenograft clearly preserved the histologic characteristics
of the seminoma and presented PLAP mainly on the cell
membrane. Significant correlations between tumor
weight and serum alkaline phosphatase levels in both
PLAP and LAP are shown in Fig. 2, indicating that
these antigens are released from the xenografts into the
circulation and that the extent of elevation depends on
the tumor burden. Tumor alkaline phosphatase levels in
mice with and without IFN administration are shown in
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Fig. 2A, B Correlation between tumor weight and serum PLAP (A)
and liver alkaline phosphatase (LAP) (B) levels in 16 untreated mice.
Correlation coefficients are r = 0.861 for PLAP and r = 0.761 for
LAP
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Fig. 3. A significant increase in antigen expression was
demonstrated in the xenografts 24 h after the last ad-
ministration of IFN. The extent of increase was almost
the same for the two antigens (146% for PLAP, 169%
for LAP). Alkaline phosphatase levels in other tissues
such as liver, lung, spleen, heart, and muscle were less
than 0.06 TU/g. However, the levels of PLAP and LAP
in the kidney were somewhat higher than in other tis-
sues, probably reflecting excretion of the circulating
antigens into the urine. Biodistribution of an anti-PLAP
MAD was studied in mice with and without IFN ad-
ministration. No significant difference in biodistribution
was found between the two groups in blood and other
tissues including liver, lung, kidney, spleen, heart, and
muscle (data not shown). The exceptions were the
seminoma xenografts at 7 and 11 days after injection of
iodine-125-labeled MAb, corresponding to 2 and 6 days
after the last administration of IFN, as shown in
Fig. 4A. Figure 4B indicates that the tumor/blood ratio
increased with time in mice with IFN administration but
not in mice without IFN. Figure 5 represents posterior
images of mice with xenografted human seminoma. The
images were obtained at 7 and 11 days after injection of
iodine-125-labeled anti-PLAP MAD. Increased retention
of the MAb was seen in the mouse treated with IFN
when compared with the untreated mouse. Tumors re-
moved 11 days after injection of anti-PLAP MADb were
nearly equal in volume and showed grossly homoge-
neous tissues without necrosis. Increased retention of
anti-PLAP MAD in the tumor from the mouse treated
with IFN is shown in Fig. 6. Biodistribution results from
the two mice are presented in Fig. 7. All areas of the
tumor from the mouse treated with IFN showed greater
accumulation of anti-PLAP MAD than that from the
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Fig. 3 Tumor alkaline phosphatase levels in mice with and without
interferon (IFN) administration. Each group consisted of eight mice.
PLAP in mice with IFN (A) and without IFN (B); LAP in mice with
IFN (C) and without IFN (D). *P < 0.05, **P < 0.01, Mann-
Whitney U test
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Fig. 4 A Biodistribution of anti-PLAP MAb in blood and tumor.
Percentage injected dose per gram (%ID) of blood in mice treated
with IFN (filled circles), and in untreated mice (open circles), and %ID
of tumor in mice treated with IFN (filled squares), and in untreated
mice (open squares). Each point represents average data from five
mice. For the tumor, the mean of the values for four different portions
was employed for calculation. B Tumor/blood ratio of anti-PLAP
MAD in mice with IFN (filled squares) and without IFN administra-
tion (open circles)

untreated mouse. In addition, anti-PLAP MADb tended
to accumulate more in the central region (facing the
muscle of the back) of the tumor than the peripheral
region (facing the skin), although tissue levels of PLAP
in these regions were equivalent.

Discussion

We previously demonstrated the ability of the anti-
PLAP MAb (HPMS-1) to localize to xenografts of
HelLa Hep 2 cells, which contained a considerable
amount of PLAP equivalent to the level of human tes-
ticular seminomas [17]. The PLAP level of the seminoma
xenografts used in this study was higher than that of
the HeLLa xenografts or human testicular seminomas.

11d
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Fig. 5 Posterior images of SCID mice with xenografted human
seminoma, obtained 7 days (d) and 11 days after injection with
150 pCi iodine-125-labeled anti-PLAP MAD. Upper row represents a
mouse treated with IFN and the lower row an untreated mouse. White
arrows indicate xenografts inoculated

Although good immunolocalization of the anti-PLAP
MAD to the seminoma xenografts was expected, visu-
alization of the xenografts was unexpectedly poor,
partly due to low blood flow [18]. Since the seminoma
xenografts might represent characteristics of human
seminoma more than do the HalLa xenografts, difficulty
in imaging for human metastatic seminoma is suspected.
In order to develop a system for imaging of metastatic
seminoma, an experiment was conducted to determine
whether IFN was capable of enhancing PLAP expres-
sion and subsequent MAD binding in vivo. The injected
dose of IFN was rather high compared with the doses
previously reported, since the extent of enhancement
would depend on the plasma level of circulating IFN,
which in turn seemed to be related to the initial amounts
of IFN administered [5, 6]. As a result, significant in-
creases in tissue levels of alkaline phosphatases, PLAP
and LAP, were observed in mice treated with IFN.

A prerequisite for good imaging was reported to be
a tumor/blood ratio of more than two to three [10]. The
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Fig. 6 Macroscopic appearance of tumors removed from a mouse
with (right) and without (left) IFN administration. Accumulation of
iodine-125-labeled anti-PLAP MAD to the tumors is also shown
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Fig. 7 Biodistribution results of the tumors presented in Fig 5.
Numbers in the tumor correspond to the area of the tumor illustrated.
Solid bars indicate data from the mouse treated with IFN and shaded
bars from the untreated mouse
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results presented here imply that this approach for
enhancement of MAD localization has a limited effect,
since the tumor/blood ratio did not exceed 1.0. How-
ever, we previously observed that tumor imaging for
xenografts in mice was possible in the late phase when
the tumor/blood ratio was around 1.0 [18]. This is also
the case for mice treated with IFN showing enhance-
ment of tumor localization of MAb with the tumor/
blood ratio close to 1.0. The reason for increasing MAb
localization appears to be, in part, the augmentation of
antigen expression, as demonstrated for tissue PLAP
level. However, the extent of the increase was much less
than that seen in a previous study [6] (146% versus
380%).

To obtain good visualization of the seminoma
xenograft, we previously showed that fragmentation of
the MAbD was effective [18]. This approach, however, did
not increase MAb accumulation, but facilitated excre-
tion of MADb from the circulation, resulting in a higher
tumor/blood ratio. To increase MAb distribution in the
target tumor, elevation of blood pressure with angio-
tensin Il appears to be effective due to increase of blood
flow in the tumor [15]. Increase of vascular permeability
might be another aspect to increase penetration of MAb
into the target tumor. For that purpose, pretreatment
with interleukin-2 (IL-2) was reported to facilitate the
localization of tumor-specific MAD at the site of tumor
through a mechanism of increased capillary permeability
(22). Thus coadministration of angiotensin II or IL2
with IFN appears to be of interest.

In conclusion, IFN treatment appears to have some
effect on the efficacy of the anti-PLAP MAD in the
detection of seminoma xenografts through a mechanism
of enhanced antigen expression. These data may have
implications for clinical application of this procedure in
detecting micrometastasis in seminoma.
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