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Abstract levels and are positively controlled by androgens. Innumerable studies
have tried to relate changes in polyamine levels, in tissue or body
X . X i fluids, to tumor growth but, although there is no doubt that poly-
amine metabolism regulatory proteins and clusterin have been measured . o
in a series of 23 human prostate cancers (CaPs) dissected from radical amines are necessary, the changes measured_were not SpeCIfl.C enough
prostatectomy specimens. Patient matched, nontumor tissue was dissectedi© Pe used as good molecular markers of malignant progression (1).
from benign areas of the gland. The results indicate that transcripts ~ ODC (EC 4.1.1.17), the first and rate-limiting enzyme of polyamine
encoding ornithine decarboxylase (ODC), ODC antizyme, adenosylmethi- biosynthesis, was shown to be critical in cell transformation and
onine decarboxylase, and spermidine/spermineN*-acetyltransferase suggested to be a proto-oncogene (3). ODC activity is regulated by a
(SSAT) were significantly higher, whereas clusterin (sulfated glycoprotein ynjque protein, OAZ, that, after being induced by high levels of
2) mRNA was significantly lower in tumors compared with the benign j,acellular polyamines, binds and inhibits ODC, accelerating its

tissue. All mRNA levels were compared with those of histone H3 and . . S
growth arrest-specific gene 1, markers of cell proliferation and cell quies- degradation by the 26S proteasome system; OAZ also inhibits poly-

cence, respectively, andglyceraldehyde 3-phosphate dehydrogenase, &MiNe uptake from the extracellular compartment and may accelerate
housekeeping gene. In poorly differentiated and locally invasive CaPs and Polyamine release from the cells (4). The second enzyme of poly-
in tumors with unfavorable prognosis or total prostate-specific antigen amine biosynthesis, also a rate-limiting one, is AdoMetDC (EC
(PSA) levels>10.0 ng/ml at diagnosis, an overall increase in the levels of 4.1.1.50), required for the production of SPD and SPM from putres-
H3 mRNA and a decrease ingrowth arrest-specific gene mRNA was  cine and adenosylmethionine. A catabolic pathway (retroconversion
detecte_d, |nd|cat|\{e of higher proliferation gctmty, whe_reas the dn‘fer-_ pathway), which is regulated by SSAT (EC 2.3.1.57), leads to poly-
ences in expression levels for the polyamine metabo_ll_sm and clusterl_n amine degradation or excretion (5). SSAT is induced by polyamine
genes were higher. ODC and SSAT changes were positively correlated in . . . .

normal tissue but not in high-grade cancer, whereas ODC antizyme and ovgraccumulatlon, thus taking part, together. with OAZ, in the mech-
SSAT changes were positively correlated in more malignant CaPs but not @nisms that control intracellular homeostasis of these amines. Very
in normal tissue. Tumor classification based on the changes in expression recently, we have shown that expression of the genes coding for ODC,
levels of all of the genes studied could be correlated to differentiation OAZ, AdoMetDC, and SSAT is cell cycle related in human dermal
grade and local invasiveness classification systems in 72.2 and 83.3% offiproblasts, leading to coordinate variations in the intracellular con-
the cases, respectively. In a 1-year follow-up period, three patients whose centrations of polyamines, with cyclical phases of depletion and
CaPs ranked as less aggresswe according to clinical stagl_n_g, put Class'f'edaccumulation during cell cycle progression (6).

as advanced cancers with the proposed molecular classification, showed Clusterin (also named SGP-2 and many other acronyms) is a
increases in total PSA levels, indicative of tumor relapse. Thus, molecular . . . . . .

classification, based on gene expression, may enhance the available progl€terodimeric glycoprotein present in most animal tissues and body
nostic tools for prostate tumors. fluids (7). It is overexpressed in the regressing rat prostate 2—-10 days
after androgen ablation (8). In general, expression of clusterin is
down-regulated during cell proliferation (9) but up-regulated under

The a||phat|c p0|yamines putrescine’ Sﬁ)md SPM are necessaryconditions inducing cell Suffering, cell atrophy, or organ involution (7,
for normal and pathological cell growth, and increases in the levels®¥ in recent data from our laboratory, is induced in quiescent cells
these polycations have been associated with cell proliferation and ¢&@). Clusterin expression thus shows an inverse pattern to that of
transformation induced by growth factors, carcinogens, viruses, @PC in prostate. A role in the process of inhibition of apoptosis and
oncogenes (1, 2). In the prostate gland, polyamines are present at liighiction of cell survival has been proposed for this gene (11), which
may bear some relationship with the selection of the transformed
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18 U.S.C. Section 1734 solely to indicate this fact. we set out to overcome the limitations of previous studies by meas-
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3The abbreviations used are: SPD, spermidine; SPM, spermine; ODC, omithidlich have been studied extensively in our laboratory (8-10), histone
decarboxylase; OAZ, ornithine decarboxylase antizyme; SSAT, spermidine/spermid8, a marker of cell proliferation, the mRNA of which accumulates in
N*-acetyltransferase; AdoMetDC, adenosylmethionine decarboxylase; SGP-2, sulf . .
glycoprotein 2 (clusterin)zas1,growth arrest-specific gene 1; GAPDH, gch:eraldehydeé-)se?)hase of the cell Cyde (12)’ anq Gasl, involved in grOMh suppres-
3-phosphate dehydrogenase; PSA, prostate-specific antigen; CaP, prostate cancer. Sion and maintenance of the quiescent state (13). Finally, for com-
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Using Northern blotting, the expression levels of the genes for poly-
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parison, the levels of the mRNA coding for GAPDH, a typicatompared with the classification based on the differentiation grade or tumor
house-keeping gene, was also detected in the same specimens. localization.

The glata gllowed a comparison, not qnly of the Ie.vels of the Singli\eesults and Discussion
transcripts in normal and tumorous tissues of different grade of
prostatic malignancy but also between the patterns of expression oTumor growth is a dynamic process, the progression of which is
the whole set of genes, revealing the characteristic expression profitearacterized, at any given time, by the relative number of normal and
that may establish during neoplastic transformation. Furthermore, toynor cells undergoing cell proliferation, cell death, and cell quies-
appropriate statistical analysis, we have shown significant correlatiartence. In the present report, we have set out to determine the levels of
between expression levels of the genes studied, which may helpetgression of genes that are involved in these processes.
understand their involvement in CaP progression, and provide molecFig. 1Ashows a representative Northern blot in which the expres-
ular markers of malignancy that may complement those in curresion levels of H3 and Gasl mRNAs are inversely related in matched

clinical use. cancerous and normal specimens. For example, in the Gleason score
2 tumor,Gaslwas up-regulated b3 was down-regulated, suggest-
Materials and Methods ing that, in less aggressive CaPs, overall cell proliferation is probably

lower than in the normal tissue. The opposite was true in the Gleason
Patient Treatments. The study was conducted in prostate surgical speckcores 5 (Gleason grade+2) and 8 (Gleason grade:+3) tumors
mens from a group of patients all subjected to the same standard protoco) pfe e Gasiwas down-regulated, whereH8 was overexpressed with
long-term chemical androgen ablatia,, androgen suppression therapy for 3refspect to normal tissue. These data are consistent with the positive
0}

months before surgery, according to a standard protocol: 200 mg/day lati bet CaP ; d liferati tivity that
ciproterone acetate, plus a single dose (3.75 mg) of the luteinizing hormdrgrélation between Lar progression and profiteration activity tha

releasing hormone agonist leuproreline for the first month of treatment, fdl&S shown preV|0u§Iy W]th Ki-67/MIB1 or PCNA/cyclin as specific
lowed by leuproreline alone for the next 2 months. This investigation w&8arkers of cell proliferation (16-18).
performed after approval by the local Human Investigation Committee and The relative levels of the mRNAs coding for the regulatory proteins
after obtaining informed assent from the patients involved in the study. Tol polyamine metabolism ODC, AdoMetDC, SSAT, and OAZ, to-
PSA levels were determined at diagnosis. gether with SGP-2 and GAPDH as determined in two of the above
Patient Samples. Radical prostatectomy samples were obtained from 28pecimens (Gleason scores 2 and 8) are shown in Fig. 1B. In the less
patients with tumors graded from Gleason grades 1 to 5 (Gleason scores aé‘@ressive tumor, with lower proliferative activity (Gleason score 2),
9). Immgdiately after total prostatectomy_, a specime_n qf gbout 0%5reeize ODC is up-regulated, and this is accompanied and perhaps compen-
was excised out from the cancerous portion of each individual gland. A secoldh g by the increase in OAZ mRNA. The AdoMetDC transcript is not

well separated area of benign (normal) tissue was also dissected. Both spec|- . .
mens were quickly frozen on a flat glass surface-80°C, covered with dry mduced' and a minor increase of the mature SSAT mRNA form

ice powder, to preserve the tissue orientation and to generate a suitable cufth —1-_5 kb) is ev@ent, probably _Ieadlng to a slight increase in

surface for the cryostat. Starting from the top surface, alternagenidections Polyamine degradation and excretion. This pattern, exhibited by a
and tissue slices of about 200 mg were made from both the cancerous wll-differentiated cancer, is consistent with the hypothesis that ODC
normal specimens. The J4m tissue sections were stained and used for thiduction, which should be balanced by activation of the regulatory

histopathological and morphological characterization of the thick tissue sligeeps of the polyamine metabolism to prevent detrimental over accu-
between the two 14em sections. Two thick slices were obtained from eaCl’ﬁnu|ation of these po|yca’[i0ns’ is an ear|y event during cell transfor-
specimen. Only normal specimens with no sign of benign prostatic hypertigration (1). In contrast, in the actively proliferating Gleason score 8

phy or tumor invasion and a similar relative epithelial cell and stromal contepty p (Fig. 1B), the induction of ODC does not seem to be counter-
to that of the cancerous counterparts were used as controls. One of the two ﬁ%%nced by OAZ . E I

y overexpression. Equally, the levels of the

mg slices from each specimens (normal or cancerous) was used for total R . . . . . .

extraction; the other one was used for Western blot analysis and enzy/ﬁ\%OMetDC transcript are. dramat!cally higher |.n this specimen, and

assays. the increased accumulation of higher polyamines (SPD and SPM),
Northern Hybridization Analysis. Total RNA was extracted from frozen Which inevitably would follow the induction of the two blpsynthgtlc

human tissue specimens using RNAfast (Molecular Systems, San Diego, C)zymes, may be partly balanced BSAT overexpression. This

Ten-ug aliquots were then electrophoresed on a 1% agarose-formaldehyde g@uld result in intracellular polyamine concentrations capable of

blotted onto Hybond-N nylon membranes (Amersham Italia S.r.l.), and thempporting a high rate of cell proliferation without jeopardizing cell

hybridized to the specific cDNA probes. The specific cDNA probes wergyryival.

previqusly purif_ied and labeled by random primiﬁ‘@ﬂ]dCTP incorporationas  c|usterin (SGP-2)s down-regulated both in Gleason scores 2 and

described previously (14). The Gas1 cDNA, kindly donated by Dr G. Del S ICaP specimens (Fig. 1B), showing that changes in the expression of

(C. I. B. Consorzio Interuniversitario Biotecnologie, Trieste, Italy) (13), and_. ) .
the histone H3 probe, kindly donated by Dr G. Stein (Department of Biochem-IS gene are both the inverse GDC and are among the earliest

istry and Molecular Biology, University of Florida College of Medit:ine,eVentS of pr.ostate .tumor development. )
Gainesville, FL) (15), were purified, labeled, and used following the same 1N€ densitometric values obtained from autoradiograms of North-

procedures. Quantitation of the autoradiograms was obtained by densitoméfi@ hybridization experiments performed in all normal and cancerous
scanning using a LKB Ultrascan XL densitometer. specimens (n= 23) were then analyzed by test,.; a paired
Statistical Analysis. The statistical significance of the differences betweecomparisort test. Although not all of the mMRNAs could be titrated in

the mean values of the abundance of each mRNA, in the normal and cance@lisof the specimens studied, the number of determinations varied
portions of the prostate gland, was determined by paired comparitest petween 18 (for H3) to 23 (for OAZ). The mean values for the
analysis (two-tailed). The same analysis was applied to assess the statisigindance of each transcript, in normal and cancerous portions of the
significancg of the above differences,_ between nor_mal an_d cancerous porti%e gland, were calculated and are shown in Fig. 2. The mRNA
after grouping the data as a function of the differentiation grade, tumf)évels of each of the regulatory proteins of polyamine metabolism

localization, prognosis, and total PSA level at diagnosis. The Peartest anifi v higher in th han in th | . f
analysis (two-tailed) was used to assess significant correlations (positive\’\()(?re significantly higher in the tumor than in the normal portion o
land (ODCt = —2.852,n = 20,P = 0.008; OAZ:t = 2.220,

negative) between the values expressing the mRNA levels of each gem,g, g
determined either in normal or cancerous tissues. The logistic regressibit 23,P = 0.038; AdoMetDCt = 2.462,n = 21,P = 0.023; SSAT:

analysis was used for the classification of the tumors as a function of the levelss 2.767,n = 22, P = 0.009), confirming a very recent report
of expression of group of genes in the cancerous part of the prostate. This waewing that ODC activity and protein are significantly higher in
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protein level, the enzymatic activities of the degradative SSAT and

Gleason Gleason Gleason
A score 2 score 5 score 8 biosynthetic AdoMetDC (essential for SPD and SPM production),
N C N Cc N (g when assayed in a subset of the specimens, paralleled the different
abundance of the corresponding transcripts in tumor and normal
‘ - - - - <S:§.1, tissues (not shown). In addition, lower levels of clusterin protein were
detected in cancerous than in normal tissue by Western blot analysis
) (not shown), again in agreement with the decrease of clusterin mMRNA
. - » . . ' < "1'52"*&13 levels in tumor tissue.

- A trend toward higher histone H3 mRNA levels, in 61% (11/18) of
the patients, and lower Gas 1 mRNA levels, in 68% (15/22) of the
patients, in CaP tissue compared with the matched normal tissue was
also detected. The differences approached but did not reach statistical
significance (H31 = —1.948;n = 18; P = 0.068; Gasl: t=1.104;

n = 22;P = 0.540). Taken together, these data suggest that in CaPs,
<288 ; . . _
more cells are proliferating and fewer are quiescent, which is further
<185 supported by the decrease in SGP-2 expression that we have shown
previously to occur after application of a proliferation stimulus (9,
10). Higher levels of GAPDH mRNA detected in cancer with respect
to the normal portion of the gland were not significaht< 1.314;
n = 22; P = 0.203), as in only 55% of the patients (12 of 22) was
GAPDH expression higher in cancerous than in normal tissue.
Gleason Gleason The mean values of the mRNA accumulation in CaPs were next
B score 2 score 8 analyzed as a function of the differentiation grade (Gleason grade 1-2,
c N C well differentiated; grade 3, moderately differentiated; grade 4-5,
. . 8 ® < carou L3k poorly differentiated). In poorly differentiated cancers, the levels of
ODC, AdoMetDC, SSAT, Gasl, and SGP-2 transcripts, expressed as
percentages of the mean values determined in the normal counterparts
. - I < Seve K (Fig. 3A), exhibited the largest significant differencesef, ). In
moderately differentiated tumors, onDC was significantly over-
.- SR < ooc 23Kb expressed, whereas H3 mRNA reached its highest level, not far from
statistical significance (¢ —2.378;n = 6; P = 0.063). Paradoxically,
“ . W W <oaz L1/13Kb in the well-differentiated cancers, the expression profileH8rand
Gaslappeared to be opposite of that observed in poorly differentiated
l ' ' < AdoMetDC 34 Kb tumors:i.e., H3 mRNA accumulation was lower and Gasl mRNA
< AdoMetDC 2.1 Kb

- < SSAT 3.5Kb 3500
. ‘ < SSAT 1.3/1.5Kb
3000

2500 -
<28S 2000 -
<188

1500

1000

Fig. 1. Representative Northern blot autoradiograms of total RNA extracted from low ggq |
(2 and 5) and high (8) Gleason score human CaP specimens (C), compared with the benign
counterpart (N) from the same gland. The specific radioactive probes used for the
hybridization and the size of the specific mMRNAs detected are indicated. Ethidium
bromide staining of the same RNA samples is shown for comparisopd1 total RNA
were loaded on each lane and resolved by electrophordsid)istone H3 and Gas1
mRNAs; B, mRNAs coding for the regulatory proteins of polyamine metabolism, ODC, (,\
AdoMetDC, OAZ, SSAT, and clusterin (SGP-ZRAPDH mRNA is also shown for [e)
comparison.

2. Mean values of the relative abundance of the mRNAs studied in normal and
human CaP as compared with paired benign tissue (19). Converswcerous human prostate specimens from the same glasd Z8). (], normal; H,

the level of clusterin transcript in CaP specimens was significantgncerous. The specific mMRNA radioactive signals, obtained by Northern blot analysis as

in Fig. 1, were quantified by densitometric scanning of the autoradiograms. The data
lower than in normal tissue ét: —2.719;n = 20, P = 0. 009) obtained for each transcript were then subjectedést;, . ; analysisi(*), P < 0.05;(*),
To confirm that the changes in mRNA levels were reflected at thre< 0.01.
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Fig. 3. The same data of Fig. 2 were analyzed after grouping the specimens as a funcfipdifiérentiation gradef’], well differentiated (Gleason grades 1+2;= 8); &,
moderately differentiated (Gleason graden3: 7); W, poorly differentiated (Gleason grades 415+ 8); B, tumor localization{], organ-confined CaP (& 16); l, locally invasive
CaP (n= 7); C, prognosisL], benign (n= 15); W, unfavorable (n= 8); andD, total PSA level before surgerl, 0.1-4.0 ng/ml (n= 7); &4, 4.0-10.0 ng/ml (n= 7); W, >10.0 ng/ml
(n = 9). The data were normalized to total RNA (1@ of total RNA were analyzed for each sample) and by setting at 100% the value obtained in the correspondent normal counterpart
from the same gland.tesy, . ; analysis:, P < 0.05;#x, P < 0.01.

accumulation was higher in the cancerous portion of the gland. How-In patients with negative prognosise(, with at least one of the
ever, this did not reach statistical significant¢e€sy, ;). This was following features: regular increases of total PSA after surgery; lymph
consistent with the data shown previously in Fig. 1 node involvement; presence of distant metastasis; F), @DC,

Similar results were obtained when the same data were analyzeddsMetDC, andSSATwere significantly up-regulated, argasland
a function of other classification systems. For example in tumo&GP-2were significantly down-regulated. HoweveSSATwas sig-
showing capsular penetration (Fid3)3 the up-regulation dbDCand nificantly overexpressed in patients with favorable prognosis as well.
AdoMetDCand the down-regulation oBasl and SGP-2were all When the data were analyzed as a function of total PSA levels at
statistically significantH3 overexpression reached statistical signifidiagnosis (Fig. 3D), significant differences between cancerous and
cance in organ confined tumors, where also ODC and SSAT mRNAermal tissue levels of ODC, SSAT, H3, and SGP-2 transcripts were
levels were significantly higher than controls. observed in patients with the highest total PSA levetd@ ng/ml),
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whereas ODC was significantly overexpressed, even in patients wailgnificant correlations was always lower with higher malignancy.
total PSA in the range of 0.1-4.0 ng/ml. Total PSA values are relat&dis picture suggests that specific biochemical lesions, consisting of
mainly to tumor volume and to the disruption of the barriers betweéhe progressive loss in the coordinate levels of expression of the genes
the site of PSA production and the capillary bed (20). The concurresttidied, are major events in the metabolic derangement that accom-
increase in the number of cells in S phase (as indicated by histone ptghies neoplastic transformation.
and ODC mRNAs overexpression) and total PSA levels may beSome of the correlations found may help in the interpretation of
related to a higher growth rate and invasiveness of CaP. basic changes that accompany, at the molecular level, transformation
Independently of the classification system used for CaP specimeofthe prostate gland. Table 1A confirms the positive correlation
tumor levels of SGP-2 mRNA were50% lower compared with the between ODC/SSAT levels in normal tissue. Thus, enhancements of
normal counterpart. This was even observed in well-differentiat€DC activity and consequent increases in polyamine concentrations
tumors, thus representing an early event during CaP progression #rat usually followed by induction of SSAT, which contributes to
may result, among other molecular mechanisms, from a specifi@intenance of intracellular polyamine homeostasis. The observed
genetic loss. Thelusteringene is present as a single copy and maps/erexpression of ODC mRNA in early S-phase cells and the eleva-
to human chromosome 8 (21) in the 8p21 region (22). It has beton of SSAT mRNA in late S and &M phases (6) support this
hypothesized that one (or more) tumor suppressor genes are locatmdelation. The positive correlation between H3/SSAT mRNA levels
on human chromosome 8, which contains one of the most frequenthn also be reconciled, because H3 mMRNA levels peak in S phase.
deleted loci observed in prostate cancer cells, 8p22—8p21 (23). FAllso, although the ODC/SSAT correlation is statistically significant in
thermore, when Dunning rat prostate carcinoma cells were usedless malignant tumors (Table 1, C and D), it is lost in more advanced
recipients for human chromosomes, metastasis suppressor activiti@scers (Table 1, B-D). Therefore one of the mechanisms that pre-
were also identified on chromosome 8 (24). The role played lents polyamine overaccumulation is lost with increasing tumor grade
potential deletion of theslusterinlocus in the expression levels ofand loss of differentiation.
SGP-2 is currently under investigation in our laboratory. OAZ and SSAT mRNA levels were significantly correlated not
Statistically significant correlations between the levels of the traonly in the CaP specimens taken together (Table 1A) but also in all
scripts within the same CaP specimens, grouped as shown in Tabléhiee groups of advanced cancers (Table 1, B-D). This implies that
were sought by applying the Pearsontest. Of the 28 possible changes in the expression of these two genes, which are essential for
correlations, 4 were found in the normal portions of the gland artde regulation of intracellular polyamine homeostasis, occur in a
three in the cancerous portions (Table 1A). When the specimens weoerdinate manner even after neoplastic conversion. It is likely that
grouped according to the differentiation grade (Table 1B), local ithe increased expression OAZ and SSATIn cancer cells prevents
vasiveness (Table 1C), and prognosis (Table 1D), the number paflyamine concentration to reach levels that would be toxic to the cell.

Table 1 Correlations (Pearson r test)

No. of significant

Specimen classification correlations (of 28) Correlated genes Statistical parameters

A. Overall correlations

Normal (n= 23) 4 ODC/SSAT r =0.537;n=19;P = 0.018
SSAT/H3 r = 0.531;n = 18; P = 0.023
AdoMetDC/GAPDH—) r = —0.508;n = 21;P = 0.019
Gas1/GAPDH r =0.501;n = 21; P = 0.021
Cancerous (r= 23) 3 ODC/H3 r = 0.589;n = 18; P = 0.010
OAZ/SSAT r =0.671;n = 21;P = 0.001
Gas1/GAPDH r =0.541;n = 21; P = 0.011
B. Differentiation grade
Cancerous: well differentiated (& 7) 3 H3/GAPDH r = 0.955;n = 4; P = 0.043
GAPDH/SSAT r=0.819;n=7; P = 0.024
Gas1/GAPDH r = 0.832;n = 6; P = 0.040
Cancerous: moderately differentiated 4n7) 2 OAZ/SGP-2—) r = —0.932;n = 6; P = 0.007
Gasl/SGP-Z-) r=-0.912;n = 6; P = 0.011
Cancerous: poorly differentiated ¢ 8) 1 OAZ/SSAT r = 0.760;n = 8; P = 0.029
C. Tumor localization
Cancerous: organ confined n 15) 4 H3/0DC r =0.672;n = 12; P = 0.017
ODC/SSAT r =0.668;n = 12; P = 0.013
GAPDH/SSAT r =0.592;n = 14; P = 0.026
Gas1/GAPDH r = 0.704;n = 15; P = 0.003
Cancerous capsular penetration=(n7) 2 OAZ/SSAT r = 0.907;n = 6; P = 0.013
AdoMetDC/SGP-2 r =0.843;n = 6; P = 0.035
D. Prognosis
Cancerous: benign (r 13) 4 ODC/SSAT r = 0.606;n = 11; P = 0.048
OAZ/SSAT r = 0.568;n = 13; P = 0.043
GAPDH/SSAT r =0.673;n = 13; P = 0.012
GAPDH/Gas1 r =0.708;n = 13; P = 0.007
Cancerous: unfavourable ( 9) 1 OAZ/SSAT r = 0.760;n = 8; P = 0.029
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Interestingly, in the normal tissue contiguous to a poorly differen- Table 3 CaP classification by logistic regression analysis: Tumor localization
tiated prostate cancer, a significant negative correlatien {-0.746; Predicte@
n = 8; P = 0.034) between the decrease @DC and increased
clusteringene expression was observed (compared with the adjacent
tumor tissue). This is a typical response that we have shown to be”
induced during tissue involution and/or decreased rate of cell prolif-

Observed O.C. C.P. Correct (%)
. Genes included in the analysid3 and Gas1

eration (25, 26) and is probably attributable to local cytotoxicity 8'&' 3 i 2‘2'3
caused by growth of the tumor. Correctly classified (overall) 72.2

By means of the logistic regression analysis, we next sought to use : : _
the changes in gene expression observed in the cancer tissues relative- All of the genes are included in the analysis
to matched normal prostate to develop an alternative classification

system for prostate tumors. This was compiled using the data from the O.C. 9 3 75.0
18 CaPs for which quantification of all of the transcripts had been g'P' y 0 6 100.0
orrectly classified (overall) 83.3

carried out (Table 2).
In Table 2A the classification of patients was based only on the
expression of the markers of tissue proliferation and cell quiescence,
H3 and Gasl, respectively. Using this method, classification of 61.1%
of the patients coincided with the differentiation (Gleason) gradimy has now begun to rise, in a 1-year follow-up period, to 2.0 and
When the same patients were classified according to specific mark@a ng/ml, respectively, suggesting the possibility of tumor relapse.
of the S phase, H3 and ODC, this percentage increased to 66.¢onversely, in the two poorly differentiated tumors that were ascribed
(Table 2B), which is probably related to higher proliferation rate iRy the molecular classification to the moderately differentiated group,
higher Gleason grade prostate cancers. Finally, when all of the geHi total PSA after radical prostatectomy remained constan@lyl
studied were used to produce the classification, the overall predictid@/m! (Table 2C), indicative of successful treatment. The molecular
in 72.2% of the patients coincided with the differentiation grad@lassification system correctly predicted all of the tumors showing
(Table 2C). When used to discriminate between organ confined @Psular penetration, when all of the genes were included in the
locally invasive CaP, the levels f3 andGaslgene expression were analysis (Table 3B). Three patients classified as belonging to the
able to predict tumor localization in 72.2% of the patients (Table 3A§rgan-confined group were ascribed to the more aggressive phenotype
including all of the genes in the analysis brought the overall predictiéf the basis of gene expression. For two of them, the probability of
to 83.3% (organ confined, 75%; capsular penetration 100%; Tati@ing included in the capsular penetration group was 56 and 51%,
3B). Thus, the molecular classification was generally in good agré@spectively. However for the third patient, whose probability of being
ment with both the Gleason grade and local invasiveness. included in the capsular penetration group was 86%, the total PSA
Closer analysis of the outliers from the correlation of molecular a@\Vels determined after surgery were constantly increasing, and tumor
clinical classifications revealed a nonrandom distribution. All of theelapse has now been demonstrated.
patients not correctly classified according to the differentiation grade These good correlations, even in a heterogeneous tumor like CaP,
and tumor localization (Tables 2C and 3B) were predicted as belorgdicate that changes in expression of all of the genes studied in the
ing to the nearest group. Intriguingly, in two patients with moderate@ap specimens are involved in tumor progression. Although neoplas-
differentiated CaPs, according to the Gleason grading, but classifiégtransformation is often the consequence of aberrant expression of
in the poorly differentiated group by the molecular classificatioRncogenes and tumor suppressor genes, it is also accompanied by

(using the complete gene set), the total PSA after radical prostatigruption of the coordinate expression of set of genes controlling the
levels of specific metabolites. In a tissue-specific manner, it is likely

that more precise means for the classifications of tumor malignancy
may result from the definition of expression profiles of these specific
metabolically related sets of genes.

20.C., organ confined; C.P., capsular penetration.

Table 2 CaP classification by logistic regression analysis: Differentiation grade

Predicted Longer patient follow-up should provide the information that will

Observed w M P Correct (%) enable us to understand whether the particular features shown by this

A. Genes included in the analysid3 and Gas1 new taxonomic tool will be useful to provide new perspectives about
CaP progression that cannot be obtained by the traditional systems

W 3 0 1 75.0 and to augment the current available clinical tools.
M 1 2 3 33.3
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