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ABSTRACF

The mousemammarytumor and its associated virus, mousemammary
tumor virus, were chosen to test the possibilityof using plasma levelsof
a M, 52,000 viral glycoprotein (gp52) as a means for monitoring changes
in tumor status during surgical adjuvant cyclophosphamide:doxorubicin
(Adriamycin):5-fluorouracil treatment. Analysis of tumor recurrence and
plasma gp52 concentrations during the postoperative period demonstra
ted that both parameters were significantly decreased in the group
receiving cyclophosphamide:doxorubicin:5-fluorouracil treatment. This
observation suggests that plasma gp52 levels may be a useful alternative
measure of therapeutic effect during surgical adjuvant treatment. A
retrospective analysis of gp52 plasma levels and tumor status of individ
uals during treatment has revealed the following associations. (a) An
early sharp postsurgical elevation in plasma gp52 level was associated
with subsequent death oftreated animals. (b) Maintenance of postsurgical
gp52 levels at a low level (@4.2 ng/ml) during and after treatment was
characteristic of all tumor-free survivors. (c) A gradual rise in plasma
gp52 level accompanied CAF-delayed tumor recurrence. gp52 levels
increased in all treated animals 2 wk prior to detectable tumor regrowths,
resulting in a statistically significant increasein meangpS2 level (2.2 to
5.4 ngJml). However, the magnitude of this increase was small for the
majority of animals with tumor regrowths, and greater, more definitive
elevations in plasma gp52 levels were only detected at the time of frank
tumorrecurrence.In addition,comparisonsof earlymeangp52levels(8
to 10daysafter surgery)for controlsandfor animalsreceivingvarious
forms of alternative treatment have indicated that differences in gpS2
levels reflect subsequentdifferencesin recurrencerates.

The present data, obtained during surgical adjuvant treatment of
BALB/c X DBA/8 F, mice and viewedin a retrospective fashion, dem
onstrate that plasma gp52 concentrations reflected therapeutic effects.

INTRODUCTION

The need for a systemic means of monitoring mammary
disease status and, ultimately, evaluating the course of mam
mary disease during therapy has led us to evaluate plasma levels
of a viral protein as a possible diagnostic marker for the
presenceof tumor and the progression of diseasein a murine
mammary tumor model. As an initial step, the envelope gp523
of MMTV was purified and utilized in the development of a
sensitive and accurate RIA (1). Two subsequent investigations
provided the following important insights into the relationship
of plasma gp52 levels to the presence of mammary tumors. (a)
All mammary tumor-bearing mice were identified with mark
edly elevated plasma antigen levels (100 to 1000 ng/ml), while
tumor-free mice maintained low (2 to 10 ng/ml) antigen levels.
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(b) Antigen levels in plasma were found to rise concomitantly
with increases in tumor size (although the ratio of these param

eters varied from one spontaneous tumor to another). (c) Fol
lowing tumor excision, a sharp decrease of 10- to 100-fold in
the gp52 plasma levels demonstrated that the tumor was the
principal source of plasma gp52, and (d) all tumor recurrences
following surgical removal of tumor were coordinately reflected
by elevations in gp52 plasma levels (2, 3). The capability to
detect tumor regrowth following surgery and the subsequent
accurateassessmentof tumor status in individual mice achieved
during the progression of mammary disease (3) have indicated
that the gpS2 level of plasma is a useful marker for the presence
ofdisease. An initial study ofgp52 levels during CAF treatment
of tumor-bearing BALB/c x DBA/8 F, (hereafter called
CD8F1) mice has indicated that decreasedplasma gp52 levels
provide a measure of therapeutic effect for animals bearing
significant tumor loads (4).

In the present study, gp52 levels of animals with minimal
residual disease have been obtained serially during surgical
adjuvant CAF treatment to determine ifchanging levels of gp52
in plasma correspond to changes in tumor status. The CD8F1
mouse model of spontaneous breast cancer was chosen for this
investigation, since it has been previously demonstrated to be
therapeutically predictive for human breastcancer management
(5). This evaluation of therapeutic effect of surgical adjuvant
CAF chemotherapy using serial determinations of MMTV
gp52 levels in plasma has focusedupon answering the following
questions. (a) During surgical adjuvant treatment with CAF,
will changing levels of plasma gp52 reflect changes in tumor

status, or will the chemotherapy interfere with the use of gp52
as a marker for animals with minimal tumor load? (b) If viral
antigen levels of the control and CAF-treated group are com
pared, will a lowering of gp52 levels in the treated population
provide a relative measure oftherapeutic effect? (c) Will antigen
levels for treated individuals remain low with tumor-free sur
vival, rise with tumor recurrence, or continue to elevate with

diseaseprogression?(d) Can early gp52 levels, thosedetermined
8 to 10 days after surgery (i.e., early in the course of chemo
therapy), provide some insight in judging the subsequentsuc
cess of a therapeutic protocol?

The data presented herein demonstrate that MMTV gp52
doesprovide a useful systemic measureof therapeutic effect for
animals with minimal residual disease. Plasma gp52 levels were
decreased in all animals following surgical tumor removal.
Maintenance of this decreased level was associated with de
creased tumor recurrence in mice receiving surgical adjuvant
CAF treatment. Subsequent increases in plasma gpS2 levels
could bedetected2 wk prior to detectableregrowth of mammary
tumors. However, although the elevation of plasma gp52 that
was detectable 2 wk prior to the appearance of palpable tumor
was statistically significant, the magnitude of this signal of
impending tumor regrowth was small, and larger elevations in
gp52 levels were detected only at the time of frank tumor
recurrence.
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VIRAL gp52 LEVELS REFLECTING ThERAPEUTIC EFFECT

MATERIALS AND METHODS

Mouse Strain

MMTV-infected hybrid CD8F1 mice bearing spontaneous, autoch
thonous mammary tumors were used for all experiments and have been
described previously (3, 5).

Surgical Procedure

The procedure used has been routinely referred to as a â€œstripâ€•or
enucleative removal of tumor (3). A longitudinal incision is made
through the skin and the s.c. tissue adjacent to the tumor. The tumor
bearing skin flap is then mobilized laterally, and the tumor is enucleated
from its s.c. attachment by blunt dissection. After the area is sponged,
the skin flaps are closed with metallic clips. This procedure leaves
behind microscopic tumor foci that usually regrow and, thereby, fur
nishes an excellent experimental model of minimal residual disease for
the study of tumor recurrence during alternative adjuvant treatments.
Sham and radical surgical procedures have been described previously

(3).

Blood Samples

Approximately 500 @lwere removed from the retroorbital venus
plexus, using heparinized tubes. Plasmas were separated from cells by
low speed centrifugation (1760 x g for 15 mm), frozen rapidly in a dry
ice methanol bath, and then stored at â€”70'C for radioimmunoassay.

RIA ofMMl'V

The MMTV gpS2, purified by concanavalin A affinity chromatog
raphy from virus of RIlI mouse milk and iodinated with 1251-labeled
Bolton Hunter reagent, was used for RIA as described previously (1).
The antiserum used for assay was a polyclonal rabbit serum that
specifically reacted with MMTV gpS2 but did not react with up to 25
@Lgof C-type viral antigen [purified virus produced in murine leukemia

virus (Rauscher)-infected JLSV-9 cell cultures] (1) and did not react
with other radiolabeled MMTV structural proteins (6). The assay used
was a blocking radioimmunoassay in which delayed addition of the
labeled antigen was used to maximize the sensitivity of the measure
ment. The sensitivity of this gp52 assay was 0.5 to 1.0 ng/ml which
exceeded the sensitivity ofprevious whole particle assays (1). This assay
was performed in the presence of the protease inhibitor Trasylol (500
kallikrein inhibitor units/mi). Use of Trasylol and diisopropyl fluoro
phosphate demonstrated that proteases did not interfere with the assay
(2). The assay buffer (0.1 M potassium phosphate buffer, pH 7.5)
contained 0.1% bovine serum albumin, 0.001 M EDTA, and 500
kallikrein inhibitor units of Trasylol per ml. As an assessment of assay
variation for CAF treatment studies, plasma samples from control and
CAF-treated mice were obtained from mice bearing significant mam
mary tumor loads (4). Determinations obtained from triplicate assays
of 39 plasma samples of all animals present at an intermediate point
in CAF therapy were analyzed. The standard error of the mean for 92%
of these different mouse plasmas was less than 10%. The maximum
SE, detected for only a single sample, was 14% (4).

Determination of Tumor Weight

The weights of tumors were determined using one of the following
alternative procedures. (a) When tumors were surgically removed their
weights were determined gravimetrically. (b) For tumor regrowths,
tumors were measured at each palpation with calipers (two perpendic
ular measurements). The weights were then estimated with the formula,
mg = 0.5 (L x W2 ), where L and W are respectively, the length and
width of the tumor in mm (7).

Statistical Methods

The x2 test has been utilized to test the significance of treatment on
tumor recurrence. Differences in recurrence have been held significant
at P@ 0.05. A two-tailed Mann-Whitney U test, a nonparametric test
which makes minimal assumptions about the group distribution of
data, has been utilized to test for population differences in plasma gp52

levels and group differences in time of tumor recurrence (8). The Mann
Whitney U test has been held significant at P@ 0.05 (two-tailed test).

Surgical Adjuvant Therapy

CAF Treatment. Thirty mice with spontaneous mammary tumors
(300 to 2900 mg) were divided into two groups so that mice with
approximately equal size tumors were represented in each group. Tu
mors were removed from all animals using â€œstripâ€•surgery. Subsequent
to tumor removal, one group received (i.p.) CAF injections [cyclophos
phamide (50 mg/kg):doxorubicin (Adriamycin) (2 mg/kg):5-fluoroura
cii (50 mg/kg)) at 7-day intervals from Day 3 to Day 59 [CAF therapy
is a proven treatment for both mouse and human mammary tumors
(9â€”11)).Control animals received surgery and saline injections. Both
control and CAF-treated mice were bled for measurement of plasma
gp52 level at 4 days prior to surgery, at 10 days postsurgery, and at
approximate 2-wk intervals thereafter for 107 days. Since previous
results indicated that bleeding itself temporarily diminished plasma
gp52 and that CAF-treated animals upon bleeding required an average
of 13.2 days to recover to pretreatment gp52 levels, a bleeding interval
of 14 days was used in the present study. Animals were evaluated for
the presence of tumor by weekly palpation.

Thymosin Treatment. Thymosin obtained from Dr. Cleland (Hoff
mann-LaRoche) was administered as a possible immunotherapeutic
adjuvant to surgery.Thymosin has been reported to be active in patients
with cellular immunodeficiency (12). Forty-five spontaneous tumor
bearing mice were subjected to â€œstripâ€•surgery. These mice with TMmin

imal tumor loadâ€•were divided into 3 groups of 15 mice each. Each
group received ten injections (i.p.) at 2- to 3-day intervals from 1 wk
prior to surgery to 14 days after surgery. Group one animals (controls)
received saline. Group two animals received 0. 1 mg of thymosin per

mouse per injection. Group three animals received 1.0 mg of thymosin
per mouse per injection. Animals were bled for determination of viral
antigen level and evaluated for tumor recurrence both prior and subse
quent to the termination of therapy.

RESULTS

The collaborative experiments to be described had a useful
double-blind component. All of the surgical procedures,admin
istration of adjuvant therapy, and diagnostic palpations for
tumor presence were carried out in a laboratory which routinely
evaluates the efficacy of new surgical adjuvant treatments,
whereas all of the blood samples were coded and sent for gp52
analysis to a separate virology laboratory.

Tumor Recurrence during CAF Surgical Adjuvant Therapy.
Mice receiving CAF adjuvant treatment and controls subjected
only to â€œstripâ€•surgery have been palpated to compare the
effects of CAF treatment on tumor recurrence prior and sub
sequent to the termination of treatment. The results of palpa
tion for both treated and control mice have been presented as
the percentage of mice free of tumor recurrence in Fig. 1. The
use of CAF treatment as an adjuvant to surgery resulted in a
significantly greater number of tumor-free mice at all times
during the course of treatment in comparison to saline-treated
controls [x2 test ranged from P@ 0.001 (Day 28) to P@ 0.05
(Day 69)). Following the termination of treatment, tumor re
currence increased sharply in CAF-treated animals, and even
tually the difference in the incidence of recurrence between the
two groups no longer was significant. Therefore, the marked
therapeutic effect was most evident as a delay in the time
required for tumor recurrence. The period of time between
tumor removal and detectable recurrence differed markedly for
control and CAF-treated animals. Comparison of the average
times for tumor recurrence, 24 days for control animals and 67
days for CAF-treated animals (P@ 0.002), further illustrates
the effectiveness of this treatment.
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VIRAL gpS2 LEVELS REFLECTING ThERAPEUTIC EFFECT

in each control animal, simultaneous increases in tumor mass

and gp52 level were noted. These increases indicate that ele
vated gp52 levelsof controls were a reflection of recurrenceand
subsequenttumor growth. Between Days 39 and 53, the average
antigen level of controls dropped sharply (Fig. 2). This drop in
antigen level can be understood by analyzing the upper portion
of Fig. 2. In the control group there was a large decreasein the
percentage of survivors between days 39 and 53. The loss of
these animals bearing the largest tumors and highly elevated
gp52 levels accounts for the decrease in average antigen levels
of the remaining controls. After Day 53, control antigen levels
rose again in association with continued tumor growth in sur
viving mice.

Antigen levels for CAF-treated animals behavedquite differ
ently. For these animals, average antigen level remained low
for 39 days (2.61 to 10.1 ng/ml) and only increased slightly to
25.7 ng/ml during the latter days of the treatment period. At
all times during surgical adjuvant treatment, significantly lower
plasma gp52 levels were detected in CAF-treated animals (P@
0.002 to P@ 0.02). Large increasesin the antigen level of CAF
treated animals were only detected at late times (80 to 120
days) following the termination of therapy. The maintenance
of lower average antigen levels in treated mice provided an
indication of therapeutic effect in the treated group which
reflected both a low incidence and a relative delay in tumor
recurrence.

Fate of Individual Mice during and after Therapy. An evalua
tion of disease status for controls and CAF-treated mice was
conducted at 107 days following surgery. While 100% of con
trols had suffered a tumor regrowth or a new primary tumor,
only 73% of CAF-treated animals had regrowths, and new
primaries were not detected. A very marked difference was
noted in the number of deaths that occurred due to frank tumor
enlargement before the termination of therapy on Day 59.
While 60% of control animals had died prior to Day 59, only
7% of CAF-treated animals died. The lower number of deaths
in the CAF-treated group led to a higher proportion of tumor
bearing survivors (47 versus7%) and a higher proportion of
tumor-free survivors (27 versus 0%). At 107 days postsurgery,
80% ofcontrol mice had died from progressively growing tumor
regrowths, while 72% of the CAF-treated mice still were alive.
For purposes of clarity, individual patterns of changing plasma
gp52 levels will be considered separately for mice which died
before 107 days and those surviving at 107 days.

Plasma gp52 Levels prior to Death. To retrospectively com
pare changes in tumor status with changes in plasma levels of
viral antigen, plasma gp52 levels from four representative in
dividuals (two controls and two treated animals) that died
during the observation period are presented as a semilog plot
ofantigen level versustime after surgery in Fig. 3. Theseanimals
demonstrate the following pattern of changing antigen levels.
A marked decreasein gp52 concentration is noted after surgery;
a subsequent rise in gp52 level occurs with onset of tumor; a
progressive increase in gp52 level occurs with growth of tumor,
and subsequently death occurs at an elevated gp52 level. This
pattern of changing plasma gp52 levels was detected for all
treated and control animals that died within the 107-day obser
vation period. An early sharp elevation in antigen level was
associated with subsequent death for both treated and control
animals. Ten of 16 deaths occurred within 67 days of surgery
following a rapid rise in gp52 levels. The only noteworthy
difference between treated and control animals was the degree
of antigen elevation detected. The single CAF-treated animal
that died during the period of administration of chemotherapy
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Fig. 1. Tumor recurrence during CAF surgical adjuvant therapy. Palpation
has been utilized to determine the percentageof animals remainingfreeof tumor
regrowth. At each point in time, this percentage is indicated for both CAF-treated
and untreated animals during the postoperativeperiod. , CAF-treatedanimals
.., controls receiving surgery alone. Arrows indicate the times of CAY administra
tion. The following numbers of surviving animals were present at the times
indicated in control and CAF-treated groups, respectively: Day 0, 15 and 15; Day
39,l2and 15;Day53,7and 14;Day8l,Sand 13;andDay 107,3and 11.
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Fig. 2. Plasma gp52 levels and animal survival during treatment. The per

centagesof animals remaining alivein the control (R) and CAF treatment group
(0) have beencompared on each bleeding data prior and subsequentto surgery
(A). Plasma gp52 levels of controls () and CAF-treated animals (0) have been
presented as average plasma concentrations before and after â€œstripâ€•surgery (B).
Bars, SE. CAF was administeredat approximate 7-day intervalsfrom Days 3 to
59. The time ofsurgery is indicated by a dashed verticle line.

Plasma Levels of gp52 during Surgical Adjuvant CAF Treat
ment. The mean concentration of plasma gp52 before surgery
and at sequential times during the postoperative period in CAF
treated and control animals is presented in the lower portion
of Fig. 2. The percentage of surviving animals has been pre
sented at each point in time in the upper portion of Fig. 2 in
order to permit assessment of the effect of animal deaths
(particularly in the control group) on plasma gp52 concentra
tions.

Measurement of gp52 levels in both groups prior to surgery
revealed an elevated but statistically similar average level of
gp52 (control, 128 ng/ml, and CAF treated, 164 ng/ml). With
surgical removal of tumor, antigen levels dropped sharply in
both groups. By Day 10 (i.e., 7 days after the first course of
CAF chemotherapy), antigen level had fallen to an averageof
16.7 ng/ml for controls and 2.61 ng/ml for CAF-treated ani
mals. As depicted in Fig. 2, gp52 levels of controls increased
sharply in subsequent samples during the treatment period,
reaching a high point (985 ng/ml) at 39 daysafter surgery. This
rapid increase in antigen level of controls correlated with the
high incidence of tumor recurrence (Fig. 1) and unchecked
increase in tumor mass with time. Following tumor recurrence
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VIRAL gp52 LEVELS REFLECTING ThERAPEUTIC EFFECT
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Fig. 3. Plasma gp52 levels prior to death. The concentration ofgp52 in plasma

is presented as a semilog plot on bleeding days both before and after surgery for
representative individuals that died during the 107-day observation period. Both
controls (â€”) and CAF-treated (â€”â€”â€”â€”)animals are depicted. These animals
died either prior or subsequent to the termination of therapy. Solid symbols
indicate the presence of tumor, whereas open symbols indicate tumor-free mice.
A double verticle line indicates the time of surgery, and a solid horizontal line
indicates the maximal plasma gp52 concentration obtained from any tumor-free
survivor. V and â€¢,individual control animals; â€¢and A, individual treated animals.
t, death.
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that suffered neither a new primary tumor nor a regrowth during
the entire 107-day observation period. In these tumor-free
animals, antigen level fell sharply and remained low at every
bleeding throughout the observation period (@4.2 ng/ml). A
solid horizontal line hasbeendrawn in Fig. 5 at the upper limit
of gp52 concentration obtained at any point in time in plasma
from a tumor-free survivor. The first major point to be made
from serially monitoring treated survivors is that upper levels
of tumor-free animals establish an approximate gp52 threshold
for tumor-free survival. This threshold level was crossedby all
animals experiencing tumor regrowth. The secondpoint is that,
while all animals experienced a sharp decreasein gp52 level
following surgery, the ratesofantigen increaseprior to regrowth
differed for individual animals. Further increases in plasma
antigen levels reflected continued tumor growth in all tumor
bearing survivors.

Plasma Levels of gp52, an Early Indication of Therapeutic
Effect. The use of the CD8F1 mouse model as a means of
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Fig. 4. Plasma gp52 levels prior to regrowth in CAF-treated mice suffering a
recurrenceoftumor. The gp52concentrationofmouse plasmahas beenpresented
as a histogram scatter plot at the time of tumor recurrenceand at 2-wk intervals
prior to tumor recurrence.All treated animals sufferinga regrowthare presented
at the time of regrowthand at one bleedingprior to regrowth.Fewerdetermina
tions are presented at two and three bleedings prior to regrowth because a
sufficient time interval was not available to obtain these bleedings from animals
withearly regrowth(within6 wk ofsurgery). gp52 levelsat one bleedingprior to
regrowth are significantly increased overlevels at two bleedings prior to regrowth
(Ps 0.009; Mann-Whitney Utest). The following gp52 levels were obtained prior
to and at the time of regrowth: 2.1 Â±0.4 (SE) ng/ml (â€”6wk)@,2.2 Â±0.4 ng/ml
(â€”4wk); 5.4 Â±0.8 ng/ml (â€”2 wk); and 24.3 Â±7.0 ng/ml (regrowth). An
approximate2-foldincreasein gp52 levels2 wk prior to regrowthwasassociated
with tumor recurrence.
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Fig. 5. Plasma gpS2 levels in CAF-treated survivors.The concentration of
gp52 in plasma of individual CAF-treated survivors (both tumor bearing and
tumor free) is presentedas a semilogplot of gp52 concentration in plasma versus
time after surgery. Solidandpartiallysolidsymbols indicate the presence of tumor
at the time of bleedingfor viral antigen assessment.Opensymbolsindicate that
animals were free oftumor. A double vertical line marks the time ofsurgery, and
a solid horizontal line indicates the maximum gp52 level obtained from any
tumor.free survivor. Each different symbol defines an individual CAF-treated
survivor.

had a lower antigen level than any of the nine control animals
which died during the treatment period. It is conceivable that
chemotherapeutic toxicity contributed to the death of this
mouse.Those animals that died after the termination of therapy
as a result of progressively growing tumor regrowths also dis
played elevated gp52 levels with the onset of tumor. The ability
to monitor disease status, for individuals in which CAF treat
ment failed, indicates that gp52 levels provide similarly useful
information with respect to changing tumor status in both the
presenceand absenceof CAF treatment.

Plasma gp52 Levels in CAF-treated Survivors. To examine
the behavior of viral gp52 concentrations prior to regrowth,
viral antigen concentrations are presented as a scatter plot for
treated individuals at the time of regrowth and at three suc
ceeding bleedings in Fig. 4. All treated animals suffering a
regrowth are presented at the time of regrowth and at one
bleeding prior to regrowth. Fewer animals are presented at two
and three bleedings prior to regrowth because a sufficient time
interval was not available to obtain these bleedings from ani
mals suffering tumor recurrence within the first 6 wk following
surgery. The results presented in Fig. 4 demonstrate a small
but significant (P@ 0.009) increase in the average gp52 concen
tration one bleeding prior to regrowth. Plasma gp52 levels
increased in all CAF-treated mice 2 wk prior to regrowth,
increasing the mean gp52 level from 2.2 to 5.4 ng/ml. Although
significant, this increase was small for the majority of animals
with tumor regrowths, and greater more definitive elevations in
plasma gp52 levels were only detected 2 wk later at the time of
frank tumor recurrence, when the mean gp52 concentration
rose to 24 ng/ml.

To further examine the relationship between changing
plasma levels of viral antigen and changes in tumor status
during treatment, gp52 concentration has been plotted versus
time after surgery for both tumor-free and tumor-bearing CAF
treated survivors. These individual patterns of change are pre
sented in Fig. 5 for treated mice surviving at the end ofthe 107-
day observation period. The four tumor-free CAF-treated mice
that are presented are the only control or CAF-treated animals
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Table I Early gp52 levels and therapeuticeffectAverage
initial gp52 concentrations 8 to 10 days after surgery can be compared

with subsequent therapeutic effects (decreased percentages of tumor-bearing ani
mals) for each of the three alternative protocols presented. Plasma gp52levelswere

significantly decreased in initial gp52 determinations only when treatment
proved successful. Mann-Whitney U test was used to determine P values for gp52
levelswheren = 5 (surgerygroups),n = 15 (chemotherapygroups),and n = 13,
14, and 12 (respective thymosin groups). The x2 test was used to determinePvalues

for tumor recurrence.Early

gp52 levels5Therapeuticpostsurgery
effect(ng/ml

mouse (%withTreatment
plasma)tumor)Alternative

surgery 21 days
Sham 7790@236b100Strip

44.0Â± 11.3(P@O.004) 40(P@0.01)
Radical 24.0 Â±2.8 (P@ 0.004) 0 (P@ 0.01)CAF

chemotherapy 39daysSurgery
(control) 17.0 Â±6.5 83

Surgery + CAF 2.6 Â±0.6 (P@ 0.002) 27 (P@ 0.01)Thymosin

immunotherapy 21 days
Surgery (control) 8.9 Â±1.8 23
Surgery + 0.1 mg thymosin 6.4 Â±1.1 36
Surgery + 1.0 mg thymosin 9.1 Â±4.5 42

VIRAL gp52@LEVELS REFLECTING THERAPEUTIC EFFECT

evaluating alternative surgical adjuvant therapies provided the

opportunity to consider if changes in the initial gp52 levels of
treated mice, those obtained at the first bleeding following

surgery, might provide an indication of subsequent therapeutic
effects as classically measured by changes in tumor recurrence.
To test this hypothesis, both initial gp52 levels and subsequent
tumor incidence have been compared in three different experi
ments for animals receiving alternative forms of treatment. The
following alternative forms of therapy have been evaluated: (a)
alternative surgical technique; (b) combination chemotherapy
(CAF); and (c) immunotherapy (thymosin treatment). The de
tails of therapeutic protocols have been presented in â€œMaterials
and Methods.â€•Plasma gp52 levels early after surgery (8 to 10
days) are presented for each experimental group subjected to
alternative forms of surgery or surgery plus adjuvant therapy in
Table I alongside the percentageof mice suffering a regrowth.
For the purpose of this comparison, evaluation of tumor recur
rence was conducted at a period in the course of therapy where
the successor failure of a given therapeutic protocol could be
judged.

The first experiment assessedalternative surgical techniques.
In this case, results in Table 1 indicate the following hierarchy

of postsurgical antigen levels: sham > strip > radical. In com
parison, the incidence of mice with tumor recurrence at 2 1 days
demonstrates the same hierarchy of therapeutic effect. In this
experiment comparing alternative surgical procedures, a lower
gp52 level following surgery correlated with an increase in the
degree of therapeutic success.

While this therapeutic effect was expected for the surgical
procedures used, the ability of early gp52 levels to reflect this
effect encouraged further comparative analysis. In the second
experiment using CAF treatment, early gp52 levels of treated
animals have again been compared to controls. The results
obtained indicate a significantly lower antigen level in the group
receiving CAF treatment (P@ 0.002). This comparatively lower
gp52 level at 10 days following surgery proved to bea reflection
of the significantly lower percentage of animals with tumor

noted at 39 days after surgery.
In the final experiment, pre- and postsurgical administration

of two different doses of thymosin, a drug previously demon
strated to enhance T-cell-dependent immune competence (12â€”
15), did not result in a protective effect (i.e., there were no
significant differences in the number of regrowths). Corre
spondingly, the results presented in Table 1 indicate that initial
gp52 levels did not vary significantly when controls and treated
animals were compared 8 days after surgery. In this experiment,
the failure to reduce viral antigen level following thymosin
administration reflected the failure of this protocol to signifi
cantly reduce the incidence of animals with tumor at 21 days
following surgery.

Therefore, for each of the alternative treatments tested, a
comparison of early gp52 levels provided an indication of the
relative therapeutic successor failure which was detected sub
sequently.

DISCUSSION

Early studies which detected gp52 in mouse milk, mouse
mammary tumor tissue, and blood (2, 16â€”19)provided a basic
understanding of MMTV protein expression in both tumor
free and tumor-bearing mice of different strains. We have
attempted to obtain more clinically pertinent information by
serially measuring plasma gp52 levels in therapeutic settings
where this viral protein could later be retrospectively evaluated,
as a marker for changing tumor status. Earlier studies demon
strated that increases in plasma gp52 levels occurred either
prior to or coincident with tumor regrowths following surgery,
and that further elevations in gp52 levels were correlated with
continued tumor growth (3). These prior results indicated that
plasma gp52 levels were responsive indicators of changing
tumor status. The nearly 1: 1 correspondence between plasma

gp52 levels and tumor status following surgery alone (3) and
the more recent finding that CAF treatments did not interfere
with the use of gp52 levels as a measure of therapeutic effect in
mice bearing significant tumor loads (4) encouragedthe present
investigation of gp52 levels as a measure of therapeutic effect
for surgical adjuvant CAF-treated animals.

The present study has clearly addressedthe possibility that
CAF chemotherapy might interfere with the useofplasma gp52
levels to monitor postsurgical disease status. The results oh
tamed herein for animals with minimal residual disease follow
ing strip surgery have demonstrated clearly that the assessment
of tumor status gained during CAF treatment is as good as or
better than that obtained in the absenceof chemotherapy. The
following findings support this conclusion, answer many of our
initial questions, and illustrate how changing viral antigen levels
of treated mice reflected the success or failure of treatment for
each experimental group, as well as each individual. (a) When
controls and CAF-treated animals were compared, decreased
concentrations of plasma gp52 in CAF-treated animals were
associated with a decrease in tumor recurrence and animal
deaths during the postoperative period. (b) When treated mdi
viduals were monitored, a sharp early postoperative elevation
of gp52 level was associated with subsequent death during the
observation period. This death resulted from rapidly growing
tumors. (c) The maintenance of plasma gp52 levels at a low
level (@4.2 ng/ml) during and after treatment was associated
with tumor-free survival for treated animals. (d) A gradual
elevation of gp52 level upon regrowth of tumor reflected the
delay in tumor recurrence afforded by CAF treatment. (e) Initial
gp52 levels of plasma, those determined 8 to 10 days after
surgery and initiation of treatment, provided an early indication
of subsequent therapeutic effect.

The retrospective evaluation presented in Fig. 4 for gp52
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a Plasma gp52 levels were determined at 8 days following surgery in thymosin

and alternative surgery protocols, whereas 10-day levels were obtained for the
CAF protocol.

b Mean Â± SE for gp52 concentrations.
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levels at prior bleedings and at the time of regrowth has mdi
cated that a significant but small increase in mean gp52 level is
detected 2 wk prior to regrowth. However, a much more sub
stantial elevation in gp52 level was noted at the time of frank
tumor recurrence (coincident with detection by palpation). Al
though a small elevation in gp52 level was detected prior to
regrowth, whether or not it can be used as a general diagnostic
signal of future tumor regrowths can only be determined by
future prospective studies in which large numbers of animals,

subdivided objectively on the basis of gp52 levels, are used to
predict risk of tumor regrowth. The results presented herein
demonstrate a correspondence between tumor status during
therapy and viral antigen levels of plasma that approach 1:1
and are most encouraging to the virologist; however, to the
therapist, these results also point out some limitations of this
viral marker which are general difficulties in our search for
effective systemic markers for solid tumors. The degree of gp52
elevation, as well as the time interval prior to regrowth, is
important in determining if gp52 offers advantages over frank
tumor analysis as a measure of tumor status and therapeutic
effect. The inability to detect a more substantial rise in gp52
level at an earlier point in time may indicate some limitations
for gp52 as a marker, as well as indicate a more general
feasibility problem in the clinical use oftumor-associated mark
ers, since viral gp52, shed as both a soluble and particulate
antigen from the tumor cell surface, should provide one of the
most opportune situations for release and detection of a tumor
associated antigen (20).

The ability of early viral antigen levels to provide an indica
tion of subsequent therapeutic effect offers the hope of provid
ing a screening mechanism for evaluating therapeutic protocols.
The results in Table 1 indicated that the degree of depression
of early gp52 levels was inversely correlated with subsequent
tumor recurrence rate. The failure of the pilot study with
thymosin alone to affect tumor incidence was not unexpected
and demonstrates a need to optimize the use of this agent in a
combined regimen; however, the lack of a significant difference
in early gp52 levels correctly reflected the lack of a demonstra

ble therapeutic effect.
One of the goals of our studies is to achieve a more effective

adjuvant therapy. Since metabolic modulation by one drug may
influence the effectiveness of a second drug, our ability to
evaluate the therapeutic benefit of adding one compound to
another is essential to the development of more effective com
bination chemotherapy treatment. For example, the recent
demonstration that tamoxifen arrests human mammary tumor
cells in the G1 stage of the cell cycle suggests that, in combi
nation chemotherapy, tamoxifen may modify the efficacy of
other proven or experimental chemotherapeutic protocols (21).
In this case, the many current surgical adjuvant trials using
tamoxifen and additional chemotherapeutic protocols (22, 23)
argue strongly that a need exists for an alternative means of
evaluating therapeutic effect. If changes in gp52 levels reflect

therapeutic effect, as noted in these studies, then changes in
gp52 levels could be used as a systemic means of assessingif
drugs are synergistic, antagonistic, or more effective than exist
ing combination chemotherapy. It is hoped that this alternative
means of assessing antitumor effect may contribute to our
understanding of the mechanisms of drug action, as well as aid
in the search for more effective forms of adjuvant therapy.

These studies which have tested the feasibility of using a viral
diagnostic marker to obtain clinically relevant information dur
ing treatment engenderthe hope that similarly useful diagnostic
markers will be identified in human tumor systems. When such

markers are identified, it is anticipated that the experience

gained in this murine system will prove invaluable as a model
for studying this approach to the management of human can
cers.

ACKNOWLEDGMENTh

We wish to express our appreciation for the thoughtful contributions
of S. Spiegelman and to L. Stolfi, H. Hue, and V. D'Elia for their
excellent technical assistance.

REFERENCES

1. Ritzi, E., Baldi, A., and Spiegelman, S. The purification of a gs antigen of
the mousemammarytumor virusand its quantitation by radioimmunoassay.
Virology, 75: 188-197, 1976.

2. Ritzi, E., Martin, D. S., Stolfi, R. L., and Spiegelman, S. Plasma levels of a
viral protein as a diagnostic signal for the presence of tumor the murine
mammary tumor model. Proc. Natl. Acad. Sci. USA, 73: 4190-4194, 1976.

3. Ritzi, E., Martin, D., Stolfi, R. L., and Spiegelman, S. Plasma levels of a
viral protein as a diagnostic signal for the presence of mammary tumoc the
effect oftumor removal. J. Exp. Med., 145: 999â€”1013,1977.

4. Ritzi, E., Martin, D. S., Stolfi, R. L., and Spiegelman, S. Therapeutic effect
reflected by plasma levels of a viral protein during combination chemother
apeutic treatment of mammary tumor-bearing mice. Cancer. Res., 45: 5374â€”
5378,1985.

5. Martin, D. S., Fugmann, R. A., Stolfi, R. L., and Hayworth, P. E. Solid
tumor animal model therapeutically predictive for human breast cancer.
CancerChemother.Rep., 5: 89â€”109,1975.

6. Callis, A. H., and Ritzi, E. M. Detection and characterization of mouse
mammarytumor viruscell surfaceantigens:estimationofantigen abundance
by Protein A assay. J. ViroL, 35: 876â€”887,1980.

7. Germ, R. I., Greenberg, N. H., MacDonald, M. M., Schumacher, A. N., and
Abbot, B. J. Protocols for screening chemical agents and natural products
against animal tumors and other biological systems. Cancer Chemother.
Rep., 3: 1â€”103,1972.

8. Tallarida, R. J., and Murray, R. B. Mann-Whitney test. In.@Manual of
PharmacologicCalculationswith ComputerPrograms,pp. 57â€”59.New
York:Springer-Verlag,1981.

9. Blumenschein,G. R., Cardenas, J. 0., Freinich, E. J., and Gottlieb, J. A.
FAC chemotherapy of breast cancer. Am. Soc. Clin. Oncol., 15: 193, 1974.

10. Stolfi, R. L., Stolfi, L. M., Fugmann, R. A., and Martin, D. S. Augmented
therapeutic results elicited by splenectomy in combined modality treatment
of spontaneous murine breast cancer. Cancer lmmunol. Immunother., 3:
137â€”143,1977.

11. Gutterman, J. U., Blumenschein, G. R., Hortobagyi, G., Mavligit, G., and
Hersh, E. M. Immunotherapy for breast cancer. Breast, 2: 29â€”34,1976.

12. Ware, D. W., Goldstein, A. L., Doyle, N. E., and Amman, A. J. Thymosin
. activityin patients with cellularimmunodeficiency. N. EngI. J. Med., 292:

70â€”74,1975.
13. Komuro, K., and Boyse, E. A. In vitro demonstration of thymic hormone in

the mouse by conversion of precursor cells into lymphocytes. Lancet, 1: 740â€”
743,1973.

14. Touraine, J. L., lncify, G. S., Touraine, F., Rho, Y. M., and Good, R. A.
Differentiation of human bone marrow cells into T-lymphocytes by in vitro
incubation with thymic extracts. Clin. Exp. Immunol., 17: 151â€”158,1974.

15. Hardy, M. A., Dattner, A. M., Sarkar, D. K., Stoffer, 2. A., and Friedman,
N. The effect of thymosin on human T-cells from cancer patients. Cancer
(Phila.), 37: 98â€”103,1976.

16. Noon, M. C., Wolford, R. G., and Parks, W. P. Expression of mouse
mammary tumor viral polypeptides in milks and tissues. J. Immunol., 115:
653â€”658,1975.

17. Hilgers, J., Theuns, G. 3., and Van Nie, R. Mammary tumor virus (MTV)
antigens in normal and mammary tumor bearing mice. mt. 3. Cancer, 12:
568â€”576,1973.

18. Osterrieth, P. M., Kozma, S., Hendrick, J. C., Francois, C., Calberg-Bacq,
C. M., Franchimont, P., and Gosselin, L. Detection of virus antigens in
Swiss albino mice infected by milk-borne mouse mammary tumor virus: the
effect ofage, sex, and reproductive status. II. Radioimmunoassay oftwo virus
components, gp47 and p28, in serum and organ extracts. J. Gen. Virol., 45:
41â€”50,1979.

19. ZangerlÃ©,P. F., Calberg-Bacq, C. M., Cohn, C., Franchimont, P., Francois,
C., Gosselin, C., Kozma, L., and Osterrieth, P. M. Radioimmunoassay for
glycoprotein gp47 of murine mammary tumor virus in organs and serum of
mice and search for related antigens in human sera. Cancer Res., 37: 4326â€”
4332, 1977.

20. Ritzi, E. M., Smith, B. A., Stolfi, R. L., and Martin, D. S. Quantitation of
viral antigens released into plasma and culture fluids by murine mammary
tumor cells. Cancer Res., 41: 3385â€”3890,1981.

21. Osborne, C. K., Boldt, D. H., Clark, G. M., and Trent, J. M. Effects of
tamoxifen on human breast cancer cell cycle kinetics: accumulation of cells
in early G, phase.Cancer Res.,43: 3583â€”3585,1983.

22. Tormey, D. C., Falkson, G., Growley, J., Falkson, H. C., Voelkel, J., and
Davis, 1. E. Dibromodulcitol and Adriamycin Â±tamoxifen in advanced
breast cancer.CancerClin. Trials, 5: 33â€”39,1982.

23. Tormey, D. C., and Jordan, V. C. Long-term tamoxifen adjuvant therapy in
node-positive breast cancec a metabolic and pilot clinical study. Breast
Cancer Res. Treat., 4: 297â€”302,1984.

2809

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426153/cr0460062804.pdf by guest on 19 M

ay 2023




