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ABSTRACT

The present study aimed at characterizing the saineous development of the Walker 256 (W256) ARriuan
regressive variant of the rat W256 A tumor. Wistets were injected subcutaneously with AWPR56 A or W256
AR tumor cells. The development of tumors was atedudaily by percutaneous measurements. NoneeOM256

A tumors (n=20) regressed, but 62% of the W256 @fot-bearing rats (n=21) underwent complete tumor
regression within 35 days. Continuous growth oftAiRors was characterized by an increase of the tugnowth
rate from day 12, which reached values above 1d@yg/and were significantly higher (p<0.05) thamsk of the
regressive AR tumors. Immunosuppression by irraahabefore subcutaneous injection of AR cells cetept
abrogated tumor regression and was associated sd@tlere metastatic dissemination. Daily evaluatibthe tumor
growth rate enabled the discrimination, in advanoetween continuously growing tumors and those rigtessed
later on.
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INTRODUCTION anorexia (Rettori et al., 1995; Guaitani et al.,
1982), anemia (Zucker et al., 1977; Vido et al.,
The Walker 256 (W256) tumor has been2000), thymus atrophy (Rettori et al., 1995) and
extensively used in the studies of cancehydro electrolyte disturbances with glomerular
pathophysiology, tumor cell metabolism andfiltration and tubular function alterations (Todl e
immune response (Toal et al., 1960; Morrison@l., 1960; Morrison, 1971; Rettori et al., 1995;
1971; Rettori et al., 1995; Guimaraes et al., 19995uimarées et al., 1999; Rettori et al., 2000).
Buffon et al., Degasperi et al., 2006; Perroud.et a Nevertheless, spontaneous W256 tumor regression
2006). Two variants of this tumor have beercan occur. This phenomenon is poorly documented
previously reported as W256 A and B (Guaitani e(Cavalcanti et al., 2003; Schanoski et al., 2004,
al., 1982), which are currently known by theirJensen and Muntzing 1970) and has been
growth capacity and lethality after subcutaneougssociated to the rat strain (Schmid et al., 1966;
(sc) injection in Wistar rats. This lethality is Jaganjac et al., 2008).
associated to the severe homeostatic disturbancé& have recently reported the generation of a
induced by the W256 tumor, which includesregressive W256 variant named AR (Schanoski et
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al., 2004). The AR variant was obtained aftefrom an empirical curve, which related the means

serial passages of W256 A tumor cells in thef percutaneous diameter and weight. At autopsy,

intraperitoneal (ip) cavity of rats, where it growstumors were dissected and weighed, allowing the

as an ascitic tumor. All ip serial passageconfirmation of the estimated tumor weight. When

repetitions shifted from A to AR variant within 25 necessary, correction of tumor weights recorded

passages. This was characterized by a significaatong the sc development of the tumors was

increase in red blood cell osmotic fragility with carried out by introducing a correction factor, as

marked spleen hypertrophy in the host. Besidegreviously described (Rettori et al., 1995).

MHC class | positive tumor cells significantly

increased in the AR variant compared to the W25&umor growth rate

A variant (Schanoski et al., 2004). Tumor growth rate was calculated according to the

The objective of the present work was to evaluateormula: (tumor weight in given day — tumor

the W256 AR variant after sc injection in Wistarweight 48h earlier) / 2.

rats aiming at a better characterization of the

regression phenomenon. The contribution of th&xperiments and animal groups

immune system for tumor regression was assessésperiment 1 was carried out to compare the sc

in immune suppressed rats. development of W256 AR and A variants. For this
purpose, 21 rats received a single sc injection of
4x1F W256 AR cells, and 20 rats received a

MATERIALS AND METHODS single sc injection of 4xfOW256 A cells. Both
W256 tumor cell suspensions were prepared in
Animals Ringer solution at 20xfoviable tumor cells/ml

Sixty-one male Wistar ratsRattus novergiccus and injected in the dorso-lumbar region of the.rats
albinog, at the age of 8-12 weeks were used in thexperiment 2 assessed the involvement of the
experiments. The rats were housed (5/cage) undéfmune system in the W256 AR tumor
controlled temperature (21+2°C) and maintainedevelopment and regression. For this purpose, 10
under 12-h light-dark cycle. The animals were fedats were immunesuppressed by total body
with standard rat chow (Labina/Purina, Campinad!radiation (4 Gy) (Anderson and Warner, 1976),
SP, Brazil) and water, and bedding was autoclavednd injected with tumor cells after a 5-day
before use. The general guidelines for animdlecovering period, in which food intake
welfare of the United Kingdom Coordinating @Pproached normality. Irradiated (irr) rats recdive
Committee on Cancer Research (1988) wera Single SC injection of 4x1W256 AR cells. The
folowed and all the animal experiments werecontrol group, containing 10 non-irradiated (non-
approved by the Ethical Committee for Animalirt) rats, was equally injected in the sc with 4%10

Experimentation (CEEA-803-1, IB/JUNICAMP).  W256 AR cells of the same tumor cell suspensio_n.
The W256 AR cell suspension was prepared in

Tumor Ringer solution at 20xfOviable tumor cells/ml

Walker 256 tumor cells were originally obtainedand, as usual, injected in the dorso-lumbar region
from the National Cancer Institute Bank, MA, Of the rats.

USA. Walker 256 AR variant (W256 AR) was

obtained after serial passages of W256 A tumofutopsy

cells in the ip cavity of rats, as previouslyAutopsies were performed on all tumor-bearing

described (Schanoski et al., 2004). Both tumofats, when the tumors were dissected and weighed.
variants are currently kept in the laboratory froze Rat body weight was assessed after tumor
in liquid nitrogen and maintained through scdissection. During autopsies, special attention was
(W256 A variant) or ip (W256 A variant and given to the presence of metastasis, invasion of
W256 AR variant) passages in rats. important tissue and bleeding.

Tumor weight Statistics

The mean percutaneous tumor diameter (averadd€ results were reported as mean + standard error
of the two largest transverse diameters) wa8f the mean (SEM), and differences between the
measured everyday. Tumor weight was estimate@#256 AR regression and continuous tumor
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growth were determined by the Wilcoxon test (P <and, therefore, allowing the percutaneous

0.05) (Snedecor and Cocchran, 1989). measuring. Figure 1 presents tumor weight curves
obtained from rats injected with W256 AR (n=21)
variant as individual data, whereas the tumor

RESULTS weight curve from rats injected with W256 A
(n=20) variant is presented as average. As
Experiment 1 expected, the W256 A tumors developed very

All sc injections with W256 A and AR tumor cell similarly among the tumor-bearing rats and

variants resulted in tumor growth. Tumors wereregressions were not observed. Contrary to this,
detected after 3-6 days, teeny nodules, not adherthe development of W256 AR tumors was highly

to the muscle tissue, could be noticed by palpaticvariable, resulting in continuous growth (5 out of

growing in the site of injections. Tumor diameters21 rats, 24%) or complete regression (13 out of 21
started being recorded short after their firsrats, 62%).

detection when tumor sizes achieved 8mm (0,059g)

25
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Tumor weight (g)
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Figure 1 - Tumor weight curves comparing tumor developmerthefW256 A and AR variants.
Solid lines: individual data obtained from 21 re¢seiving sc injection of 4xfells
of the W256 AR variant; Doted line: average caltadafrom 20 rats receiving sc
injection of 4x16 cells of the W256 A variant. Data are reportednasn = SEM.

Three AR tumor-bearing rats were sacrificedobtained from non-irr (n=10) and irr (n=10) tumor
(around the 2% day after tumor cell injection) to bearing-rats. Tumor regressions were observed in
comply with an experimental protocol (not shownall the non-irr rats (100% of the animals).
here), establishing tissue sampling just before thdowever, treating the rats with total body
tumor regression (indicated by moderate tumoirradiation before tumor cell injections abrogated
development followed by its stabilization). Thecompletely W256 AR tumor regression. In
W256 AR tumors peaked at variable weightsaddition to the continuous tumor growth, the irr-
(from less than 1 to 8 g) and at variable times (16ats quickly developed the systemic effects (not
to 21 days) before regression. Tumor regressiorshown here) induced by Walker tumors, causing
were completed within 35 days after sc injectiorthe premature sacrifice of the tumor-bearing irr-
(n=13). rats.

Experiment 2 Sc tumor growth rates

All sc injections with W256 AR tumor cells Figure 3 presents tumor growth rates obtained
carried out in irr and non-irr rats resulted in trm from both W256 A and AR variants during the

growth. Similar to the experiment 1, tumors wereexperiments 1 and 2. In Experiment 1, W256 AR
detected 3-5 days following sc injections, whertumor growth rates were calculated by assembling
teeny nodules, not adhered to the muscle tissumor-bearing rats in two groups: one presenting
could be noticed by palpation. Figure 2 presenttimor regression (n=13) and the other presenting
tumor weight curves for the W256 AR variantcontinuous tumor growth (n=5).
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Figure 2 - Differential effect of immunosupression on tumoowth in rats receiving sc injection
of 4x1C cells of the W256 AR variant. Thin line: averagenbr weight curve of 10
non-irr rats; Thick line: average tumor weight caiaf 10 irr rats. Data are reported as
mean + SEM. Numbers within parentheses indicateehsining humber of animals
at that moment.

The continuous growth of W256 AR tumors wasthe W256 A variant (1.50-2.00 g/day). W256 AR
characterized by an increase of tumor growth rateimor regressions were preceded by moderate
from approximately 0.7 g/day (day 12, 0.74 +0.24umor growth rates around 0.4 g/day, (day 12, 0.37
g/day, Figure 3, Experiment 1) to more than 1.@0.09 g/day, Figure 3, Experiment 1), which
g/day (day 14, 1.43 +0.27 g/day). This tumorgradually diminished from day 12-14 until
growth increase was significantly higher (p<0.05negative values, indicating tumor regression.
than the one observed for regressive AR tumor®/256 AR tumor-bearing rats sacrificed on day 21-
(day 14, 0.10 #0.10 g/day) and, thereforeg2 (n=3) presented tumor growth rates consistent
approaching tumor growth rate characteristic ofo regressive tumors.

Experiment 1

3 7 ® W256A n=20 Experiment 2
] A W256 AR n=5 3
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-~ ] — 2,5 ] ©w256 AR irr-rat n=10
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Figure 3 - Experiment 1: Differential tumor growth rates @t receiving sc injection of 4x10
cells of the W256 A variant (black circle, n=20) 4x1& cells of the W256 AR
variant (black triangle, n=5 continuous tumor growilack square, n=13 spontaneous
tumor regression)Experiment 2: Effect of immunosupression on the W256 AR
tumor development. Differential tumor growth rate4.0 non-irr rats (circules) and 10
irr rats (squares) receiving 4xX16ells of the W256 AR variant. Data are reported as
mean + SEM. *statistically significant differencé®tween AR tumors growing
continuously and AR tumors regressing (P<0.05 Wibcotest).
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Non-irr rats of the Experiment 2 reproduced theadhered to the dorsal muscle adjacent to the &ite o
same tumor regression pattern for W256 ARhe tumor cell injection. Macroscopic alterations
tumors as observed during experiment 1 (Figurésmall nodules 3-4 mm of diameter) identified as
3). However, the rat pretreatment of total bodymetastases were found in 75% of the rats injected
irradiation previously to the W256 AR cell with W256 A variant and in 11% of the rats
injections resulted in continuous tumor growth asnjected with W256 AR variant, always restricted
mentioned above and in the increase of tumdo the Ilymph nodes (inguinal, axillary and
growth rates to about 1.0 g/day. The increase gqfaraaortic lymph nodes). On the other hand,
tumor growth rates in irr rats took place aroundautopsies revealed a severe metastatic
day 12 after sc injection of tumor cells (Figure 3dissemination in all irr-rats (100%). Metastases
Experiment 2). This result was similar to the nonwere found not only in lymph nodes of irr-rats, but

WIT rats presenting continuous tumor growth. were also spotted over the muscle wall of the
thorax and abdomen, and spread in internal organs
Autopsies such as the gut and lungs (Figure 4).

Tumors dissected during autopsies were found
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Figure 4 - Metastatic dissemination of W256 A and AR varigimsn-irr rats = gray bars; and irr
rats = black bar). Metastases were found in lymptles (LN) of irr-rats, spotted over
the muscle wall (M) of the thorax and abdomen, sieéad in internal organs such as
the gut (G) and lungs (L).

DISCUSSION used. During all the transfers in the laboratory
from 1928 to 1932, Dr. Walker found only 4
W256 tumor regression instances of regression of the tumor.

It is currently well known that W256 tumor is Spontaneous regressions of W256 are still rarely
characterized by its continuing growth capacityreported. Several reasons account for such low
This characteristic has been widely reported sincsequency, including that most of the studies using
Dr. Walker first succeeded in maintaining thisthe W256 tumor model exploits its growth
tumor by sc passages in rats. According to Earleapacity and ability to induce severe systemic
(1935), the W256 tumor was obtained after seriatlterations in the host. Consequently, a regressive
sc transplants from a tumor that had originallyvariant of W256 tumor would not be suitable for
appeared spontaneously in an adult female ragtudying these goals. Eventually, W256 tumor
Earle reported that after several serial tumor stegressions might have been overlooked since
transplants from the original donor to groups ofumor-bearing rats could be sacrificed prior to
young receptor rats, it was possible to finallywhen the tumor regression took place, in order to
obtain one hundred percent tumor growth at eactomply with the necessity of sacrificing rats with
sc passage. That high percentage of tumor growtrge tumors.

was observed even when different rat strains were
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Few reports on spontaneous regressions of tfleumor growth rate and outcome of W256 AR
W256 tumor have mainly connected thistumors

phenomenon to the rat strain, such as Spragu&he sc development of the W256 AR tumors was
Dawley rats, Buffalo rats and Fischer rats (Schmidhighly variable when compared to the W256 A
et al., 1966; Jaganjac et al., 2008). In the ptesewmariant, since AR tumors could reach variable
study, high amounts of spontaneous tumoweights at variable times before regression.
regressions were observed even in Wistar ratBesides, different W256 AR tumor cell
However, they were connected to the AR variansuspensions could result from 60 to 100% of
of the W256 tumor. In total, 62% of the W256 ARtumor regressions after single sc injection in the
tumor-bearing rats presented complete tumarats. In spite of this variability, the data preseh
regression, but none of the Walker 256 A tumorsiere showed that the outcome of the W256 AR
regressed. Regardless of the low number dfimors (regression or continuous growth) could be
references reporting spontaneous regression pfedicted when tumor growth in the rate was taken
W256 tumor, it was possible to establish anto consideration. Continuous growth of W256
regressive tumor variant, named AR, which wa®\R tumors was associated with the high tumor
originated by serial passages of the W256 A tumagrowth rates, approximately 1.0 g/day or higher,
cells in the ip cavity of Wistar rats (Schanoski ebeginning from day 12-14 after sc injection of
al., 2004). The shift on the characteristics of W25W256 AR cell variant. Conversely, AR tumor
tumor, from a progressive variant to anregressions were associated with lower tumor
immunogenic and regressive variant by serial igrowth rates (about 0.5 g/day) that gradually
passages of the tumor cells, could also explain trowed down from day 12-14 after sc injections.
spontaneous regressions of the W256 tumorBumor growth rate provides a useful parameter for

reported by Jensen and Mintzing (1970). the experimental animal evaluation, particularly
within the period preceding tumor regression.
W256 AR tumor in immunosuppressed rats Therefore, tumor growth rate helps to make

The involvement of the immune system in W256decision regarding the sacrifice of experimental
AR tumor regression was assessed in the ragimals, since the rats presenting regressive
immunosuppressed by irradiation. Rats subjecteimors (low tumor growth rate) can be kept longer
to total body irradiation (4 Gy) presented 80%than the rats presenting progressive ones (high
reduction of circulating lymphocytes (from tumor growth rate). Besides, by taken tumor
7.5x10/ul to 1-2x10/ul). Low numbers of growth rate into consideration, important host
circulating lymphocytes remained for alterations, mainly related to the immune system,
approximately two weeks after the irradiationcan be clearly observed, giving the possibility of
(data not shown), impairing the development of @eparating the individuals with progressive tumors
proper adaptive immune response which has beérom those with regressive tumors before
accounted for tumor regressions (Pardoll andveraging the data.

Topalian, 1998; Rees and Mian, 1999). W256ARnterestingly, the fact that variation in the tumor
regressions were completely abrogated in irr-ratgrowth rates took place from day 12-14 might
Besides the continuous growth of the tumors, irrindicate the involvement of adaptive immune
rats also presented a marked metastatiesponse. Thus, the decrease in AR tumor growth
dissemination. On the other hand, non-irr ratsates possibly indicate a successful adaptive
presented 100% of tumor regression, followed bymmune response, whereas increase of tumor
the development of immunity against both A andyrowth rate would indicate the opposite. Favorable
AR variants. Immunization was confirmed byto this explanation was the fact that irr ratsefil
randomly challenging the rats with high-dosein promoting AR tumor regression, which was
injections of W256 tumor cells (data not shown)associated with the increased tumor growth rate
The results confirmed the AR variant as arfrom day 12-14. Additionally, W256 AR tumor
immunogenic variant of the W256 tumor. Theregressions are associated with normal ZOB8"
improved immunogenicity of W256 AR variant ratio, whereas tumor continuous growth is
was also consistent to previous studies showingssociated with a significant reduction in the
that W256 AR variant presented higher number€D4’/CD8" ratio (Guimardes, 2000). W256 AR
of MHC class | positive cells than W256 A varianttumor-bearing rats also present plasma compounds
(Schanoski et al., 2004). resembling immunoglobulin, around the same
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period (day 12-14) when tumor regressions starteslpported by PROAP/CAPES and
(Cavalcanti et al., 2003). CAISM/UNICAMP. The authors are grateful to
The precise mechanism underlying the origin ofAmilton Garcia for animal care.

W256 AR variant is unknown. Also, unknown are

the mechanisms that promote the shift from AR to

A variant by serial sc passages of fragments, taktRESUMO

from the tumors of high growth rate (personal

observation). Nevertheless, it was demonstrate@ objetivo neste estudo foi caracterizar o
that W256 solid tumors consisted of both MHCdesenvolvimento subcutaneo do tumor de Walker
class | positive and negative cells (Schanoski €56 (W256) AR, uma variante regressiva do tumor
al., 2004). Additionally, AR variant comprise de W256 A de rato. Ratos Wistar foram injetados
higher frequency of MHC class | positive cellscom 4x16 células tumorais de W256 A ou W256
than the A variant. It is widely accepted that newAR. O desenvolvimento tumoral foi avaliado
tumor variants result from differential propagationdiariamente. Nenhum dos tumores W256 A (n=20)
of tumor subclones in their microenvironment in aegrediu, mas 62% dos ratos com tumor W256 AR
process that includes the immune system (Khongpresentaram regressdo completa dos tumores em
and Restifo, 2002). Currently, the canceraté 35 dias. O crescimento continuo dos tumores
immunoediting hypothesis offers a theoreticalAR foi caracterizado pelo aumento da taxa de
framework including immune cells, antibodies,crescimento tumoral a partir do dia 12, alcangando
cytokines and chemokines to explain howalores maiores que 1,0g/dia, que foram
interactions between the emerging tumors angignificativamente superiores (p<0,05) aos valores
immune system would result in tumor eliminationde taxa de crescimento dos tumores regressivos
or even in tumor outgrowth, by sculpting tumorAR. A imunossupressao por irradiacdo precedendo
immunogenicity or by inhibiting the host- a injecdo das células tumorais AR eliminou
protective antitumor responses (Dunn et al., 200Zompletamente a regressdo tumoral e favoreceu
Dunn et al., 2006; Bui and Schreiber, 2007). Irdisseminacdo metastatica severa. Este estudo
this context, it could be suggested that the shiftaracterizou o desenvolvimento do tumor de
from W256 A to AR variant into the peritoneal W256 AR em  condigdes  especificas,
cavity might be a consequence of thedocumentando a regressdo espontanea deste tumor
immunoselection of MCH class | negative cellsapés a injecdo subcutanea de altas doses de células
associated with the induction of MHC class ltumorais em ratos Wistar. A avaliacdo diaria da
expression on tumor cells by INF(Schanoski et taxa de crescimento tumoral permite discriminar
al., 2004, Malmberg et al., 2002). The presenprecocemente o0s tumores com crescimento
study  successfully characterized the seontinuo daqueles que s&o regressivos. A taxa de
development of W256 AR variant, emphasizingcrescimento tumoral é um parametro Gtil para a
that spontaneous tumor regression could bgvaliagdo dos animais experimentais,
observed even in Wistar rats. Daily evaluation oparticularmente no periodo que precede a
the tumor growth rate enables discrimination ofegressdo dos tumores.

the W256 AR tumors presenting continuous

growth from the regressive tumors. Abrogation of

tumor regressions in immunosuppressed ralREFERENCES

suggests the immune system as effector of W256
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handling of the Walker 256 tumor cells, which 24 215-35.
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