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Summary The predictive value of expression of p16™«#A retinoblastoma (Rb) and p53 proteins for prognosis was evaluated in 76 patients
with non-small-cell lung cancers (NSCLCs) that were potentially curatively resected between 1990 and 1995, using the results of
immunostaining analyses of these proteins as reported in our previous study (Kinoshita et al, 1996). Of these NSCLCs, 22 (29%) lacked p16
protein expression and eight (11%) Rb protein, while 30 (39%) showed positive (altered) p53 protein expression. Survival of patients with p16-
negative tumours was not significantly different from that of patients with p16-positive tumours (5-year survival rates 67% and 72%
respectively, P = 0.8), nor was survival of patients with Rb-negative tumours significantly different from that of patients with Rb-positive
tumours (5-year survival rates 42% and 69% respectively, P = 0.9). Moreover, survival of patients with p16/Rb-negative (either p16- or Rb-
negative) tumours was not significantly different from that of patients with p16/Rb-positive (both p16- and Rb-positive) tumours (5-year
survival rates 67% and 68% respectively, P = 0.7). In contrast, survival of patients with p53-positive (altered) tumours tended to be shorter
than that of patients with p53-negative (unaltered) tumours (5-year survival rates 56% and 78% respectively, P = 0.06). In univariate analysis
of potential prognostic factors, p16, Rb and p16/Rb proteins were not significant prognostic factors in the present cohort of potentially
curatively resected NSCLCs. Altered p53 protein status tended to be a negative prognostic factor (P = 0.06 by the univariate analysis). These
results indicate that loss of p16 protein alone, or in combination with loss of Rb protein, does not predict the clinical outcome of patients with
resected NSCLCs. © 1999 Cancer Research Campaign
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pl6 Protein, the product of theDKN2/MTS1gene, inhibits expression as an internal control, was a sensitive and suitable
cyclin-dependent kinase (cdk) 4- and cdk6-mediated phosphorytethod to screen fo€CDKN2 gene inactivation in NSCLCs.
ation of retinoblastoma (Rb) protein (Serrano et al, 1993; HannoS8imilarly, mostRbgene alterations result in the loss of Rb protein
and Beach, 1994). Both p16 and Rb proteins, which, like p5&xpression or in a truncated Rb protein, which does not enter the
protein, regulate cell cycle progression at the G1 checkpoint, funaiucleus. Heterogeneous positive nuclear Rb immunostaining is,
tion in a single regulatory pathway of the cell cycle and tumouin general, indicative of normal Rb function, whereas negative
suppression (Serrano et al, 1993; Lukas et al, 1995), a conclusiamtranuclear Rb immunostaining in all tumour cells reflects func-
supported by the findings of inverse correlations between altetional loss of theRbgene (Xu et al, 19%] 199b). Moreover, to
ation of both proteins in several types of cancer, including noneate, the presence or absence of normal Rb protein expression
small-cell lung cancers (NSCLCs) (Okamoto et al, 1994; Ottersodetermined by immunohistochemistry has been found to be the
et al, 1994; Tam et al, 1994; Geradts et al, 1995; Kelley et al, 199%5j0st sensitive and specific method to examine Rb status in a given
Shapiro et al, 1995). tumour (Zhang et al, 1994).

It has been shown in NSCLCs that homozygous deletion and Using the same cohort as the present study, we have previously
DNA methylation are common mechanisms @DKN2/MTS1 reported the reciprocal losses of p16 and Rb proteins and the
gene inactivation (Cairns et al, 1994; Hayashi et al, 1994potential synergistic effect of the altered p16/Rb (p16 protein in
Nakagawa et al, 1995; Okamoto et al, 1995; Otterson et al, 1996pmbination with Rb protein) pathway with altered p53 protein on
Shapiro et al, 1995) and that mutations of the gene are mostthe proliferative activity in NSCLCs (Kinoshita et al, 1996). We
restricted to metastatic sites (Nakagawa et al, 1995; Okamoto et &lve also reported that Rb protein status alone was not a predictor
1995). In a previous study (Kinoshita et al, 1996), we demonef survival and prognosis in a different cohort of NSCLC patients
strated that immunohistochemical analysis of pl6 protein iDosaka-Akita et al, 1997). The prognostic value of pl6 alter-
tumour cells, using admixed stromal cells retaining normal pl@&tions in NSCLCs has been reported only in a few studies (Kelley

et al, 1995; Kratzke et al, 1996; Taga et al, 1997), and is still
controversial. Moreover, no studies have clearly shown the impor-
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Table 1 pl16 and p16/Rb protein expression in 76 resected NSCLCs

p16 protein status p16/Rb protein status
Characteristics (+) =) P2 (+)P° (-)e P2
54 (71%) 22 (29%) 46 (61%) 30 (39%)
Age (mean t£s.d.) 62.6 £ 8.5 61.9+9.6 0.7 62.4+8.8 62.4+9.0 1.0
Gender
Male 40 14 0.4 35 19 0.2
Female 14 8 11 11
Smoking (pack years)
0-19 16 9 0.3 15 10 0.9
>20 38 13 31 20
Histological type¢
Squamous 18 3 0.01 16 5 0.06
Non-squamous 36 19 30 25
pStage
| 34 17 0.5 30 21 0.9
1] 7 2 6 3
lla 13 3 10 6
Chemotherapy®
-) 36 16 0.6 32 20 0.8
) 18 6 14 10
Rb
(+) 46 22 0.06
=) 8 0
p53
=) 35 11 0.2 32 14 0.046
o) 19 1 14 16

aThe associations between loss of p16 and p16/Rb proteins and characteristics of patients except for age were analysed by x? test (age
analysed by Student’s t-test). °(+), retaining both p16 and Rb proteins. ¢(-), lacking either p16 or Rb protein. Squamous, squamous cell
carcinoma; Non-squamous, non-squamous cell carcinoma, including adenocarcinoma and large-cell carcinoma. €Chemotherapy, post-surgical
chemotherapy.

In the present study, we investigated the prognostic significancéhey represented 51 stage |, nine stage Il and 16 stage Illa tumours
of p16, Rb and p16/Rb protein status determined by immunohistdFhe post-surgical pathological TNM stage (pTNM) was deter-
chemistry in patients with resected NSCLCs. mined according to the guidelines of the American Joint
Committee on Cancer (Beahrs et al, 1992). Twenty-four patients
received combination chemotherapy as post-surgical treatment.
Radiation therapy was not performed before or after surgery for any
patient. Because all the patients enrolled in the current study were
coded, they could not be individually identified.

Of 111 NSCLCs studied in our previous report (Kinoshita et al,
1996), 92 tumours were resected with curative intent. Survival walsm
analysed in the present study for the 76 patients who met the
following criteria: (1) survived for more than 3 months after For the p16, Rb and p53 protein staining, the slides and results that
surgery; (2) did not die of causes other than lung cancer within &ere previously reported (Kinoshita et al, 1996) were used for the
years after surgery; and (3) were followed for more than 2 yeangresent study. The methods for staining of the p16, Rb, and p53
after surgery (for patients who remained alive). Twelve patientsiuclear proteins of tumour cells have been described (Kinoshita et
who did not meet the above criteria were excluded from the preseat, 1996). Briefly, tumours from the primary NSCLCs were snap-
study. Of the 12 patients, two died within 3 months after surgicafrozen in liquid nitrogen and stored at <80until use. Antibodies
resection, five died of causes other than lung cancer within 5 yeatsed for immunohistochemistry of p16, Rb, and p53 proteins were
after surgery, and five were followed up for no more than 2 yearsabbit polyclonal anti-entire-human p16 antibodies (PharMingen,
after surgery. Four patients for whom no survival records afteGan Diego, CA, USA), and mouse monoclonal antibodies PMG3-
surgery were obtained were also excluded from the present stu®45 (PharMingen) and PAb1801 (Oncogene Science, Manhasset.
Of the 76 patients analysed for survival, 54 were men and 22 wefdY, USA) respectively. Immunostaining was performed by the
women. Age and tobacco consumption at time of surgery (gean biotin-streptavidin immunoperoxidase method with'-8lidmino-
standard deviation (s.d.) were 62.8.8 years and 38833.5 pack  benzidine as a chromogen (SAB-PO kit, Nichirei, Tokyo, Japan).
years respectively. Fifty-eight were still alive after surgery with aMethyl green was used for counterstaining.

median follow-up of 51 months (range 25-76). According to the The criteria for the evaluation of p16, Rb, and p53 proteins have
1981 WHO classification (WHO, 1982), tumour specimens weréeen described previously (Xu et al, 1991; Dosaka-Akita et al,
histopathologically diagnosed as adenocarcinama §0), squa- 1994, 1997; Kinoshita et al, 1996). Briefly, tumours were scored
mous cell carcinoman(= 21) and large-cell carcinoma € 5). as pl6-negative (p16-) or Rb-negative (Rb-) if all malignant cells

MATERIALS AND METHODS

Patients and survival data

munohistochemistry for p16, Rb, and p53 proteins

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 81(4), 696—701



698 F Hommura et al

Table 2 Univariate and multivariate analyses of potential prognostic factors
in resected NSCLCs

Hazards 95% confidence
Characteristics ratio interval P
A. Univariate analysis
Age 0.99 0.95-1.03 0.6
Gender 2.13 0.73-6.24 0.2
Histological type® 1.34 0.58-3.14 0.5
pStage 1.71 1.13-2.58 0.01
Chemotherapy 0.76 0.33-1.75 0.5
p16 0.88 0.35-2.25 0.8
Rb 0.88 0.21-3.79 0.9
p16/Rb 0.86 0.36-2.03 0.7
p53 2.15 0.96-4.81 0.06
B. Multivariate analysis
pStage 2.56 1.03-6.41 0.03
p53 1.92 0.85-4.33 0.1

aAnalysed by Cox’s proportional hazards general linear model. ®'Squamous
cell carcinoma vs non-squamous cell carcinoma.

pl6-positive (p16+) or Rb-positive (Rb+) if any malignant cell had
nuclear staining for p16 or Rb protein respectively. Tumours were
considered to be p53 alteration-positive (altered) (p53+) and thus
to contain putative p53 gene mutations when more than 10% of
tumour cells showed nuclear staining for p53 protein, and were
scored as p53 alteration-negative (unaltered) (p53-) in the other
cases.

Statistical analysis

The associations between losses of pl6, Rb, pl6/Rb and p53
proteins and various characteristics of patients and tumours were
analysed by thg? test. Those between losses of p16, Rb, p16/Rb
and p53 proteins and age were analysed by Studete'st.
Survival curves of patients with tumours having different p16
and/or Rb protein status were estimated using the Kaplan—Meier
method (Kaplan and Meier, 1958) and differences in survival
distributions were evaluated by the generalized Wilcoxon test
(Gehan, 1965). Prognostic values of p16, Rb, pl6/Rb and p53
proteins were estimated by univariate and multivariate analyses
using Cox’s proportional hazards general linear model (Harrell,

had no nuclear staining, but surrounding normal stromal cell§986). The significance level chosen wais: 0.05, and all tests
showed adequate nuclear staining for p16 or Rb protein, respe@ere two-sided. These computations were performed with the
tively, as positive internal controls. Tumours were regarded asSAS program package (Harrell, 1986).
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Figure 1  Immunostaining patterns for p16 (A, B) and Rb (C, D) proteins in primary NSCLCs. Representative p16+ adenocarcinoma shows strong and
homogeneous nuclear staining of p16 protein in tumour cells (A). In contrast, p16— squamous cell carcinoma shows no nuclear staining of p16 protein in tumour
cells (B). Representative Rb+ squamous cell carcinoma displays intense nuclear staining of Rb protein in tumour cells (C). Rb-adenocarcinoma displays no
nuclear staining of Rb protein in tumor cells (D). Note that admixed stromal cells (arrows) show distinct nuclear staining of p16 and Rb proteins in all specimens,
which provide positive internal controls for both proteins. A-D, x400. Scale bar = 20 um
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Prognostic value of p16, Rb and p53 in NSCLCs 699

RESULTS survival rates 56% and 78% respectively, 0.06) (Figure 2D). As
shown in Table 1, there was no statistically significant difference

Of 111 NSCLCs analysed in the previous study (Kinoshita et albetween the p16+ and pl6- groups and between pl6/Rb+ anc
1996), 76 tumours were studied to determine the prognostig16/Rb— groups in this cohort with regard to the distributions of
importance of p16 protein status alone or in combination with Riyther characteristics, including age, gender, smoking, disease stag
protein status (p16/Rb) in the present study. Typical immunoand post-surgical chemotherapy given. In particular, the data
staining for p16 and Rb proteins in NSCLCs is shown in Figure Igjearly indicated that the two groups were well balanced for disease
Twenty-two (29%) NSCLC tumours lacked p16 protein expresstage, a previously identified prognostic factor. However, p16
sion, and eight (11%) lacked Rb protein. Thus, 30 (39%) NSCLCpgrotein was lost more frequently in adenocarcinomas and large-cell
had a loss of either p16 or Rb protein, while 30 (39%) showegarcinomas than in squamous cell carcinonRas (.01). p16/Rb
positive (altered) pS3 protein expression (Table 1). protein status tended to be altered more often in adenocarcinoma:s

Survival of patients with pl6— and pl6+ tumours was veryand large-cell carcinomas than in squamous cell carcindas (
similar, and not significantly different (5-year survival rates 67%0.06), but was significantly frequently altered in p53+ tumours
and 72% respectively? = 0.8) (Figure 2A). Survival of patients compared to p53— tumour® € 0.046). Inversely, p53— tumours
with Rb— tumours was not significantly different from survival of sjgnificantly frequently showed unaltered p16/Rb protein status.
patients with Rb+ tumours (5-year survival rates 42% and 69%statistical significance of potential prognostic factors was deter-
respectivelyP = 0.9) (Figure 2B). Finally, survival of patients with mined by univariate analysis (Table 2A). p16, Rb and p16/Rb
tumours lacking either p16 or Rb protein (p16— or Rb—; p16/Rb—proteins were not significant prognostic factors, although disease
was almost the same as that of patients with tumours retaining boﬁhge was. Altered p53 protein status tended to be a negative prog
p16 and Rb proteins (p16+ and Rb+; p16/Rb+) (5-year survivahostic factor P = 0.06). In the multivariate analysis, pStage was a
rates 67% and 68% respectivély= 0.7) (Figure 2C). In contrast, ~sjgnificant prognostic factor to confirm the reliability of this cohort
survival of patients with p53+ (altered) tumours tended to bey potentially curatively resected NSCLCs, but altered p53 protein
shorter than that of patients with p53— (unaltered) tumours (5-yeaftatus was not a significant prognostic factor (Table 2B).

A C
100 A . _ . - A: p16/RB(+), n = 46, 5-year survival 68%
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Figure 2  Kaplan—Meier survival curves of patients with resected NSCLCs. Survival curves of NSCLC patients are stratified by p16 protein (A), Rb protein (B),
p16/Rb protein (p16 protein status in combination with Rb protein status: p16/Rb—, lacking either p16 or Rb protein; p16/Rb+, retaining both p16 and Rb
proteins) (C), or p53 protein (D)
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DISCUSSION our previous study (Dosaka-Akita et al, 1997), in which we
reported that loss of Rb protein was not a prognostic factor for
The present study demonstrated that expression of p16, Rb aggerall NSCLCs. Loss of only one or few cell cycle regulators
pl6/Rb in NSCLCs was not associated with survival, and hence %nctioning at the G1 checkpoint, such as p16 and Rb proteins,
no prognostic value in patients with curatively resected NSCLCsmay not have a profound influence on the clinical outcome of
In contrast, altered p53 protein expression tended to be associate@ected NSCLCs. Multiple factors regulating the G1/S transition,
with shorter survival and to be a negative prognostic factor in thehcluding cyclins D1 and E, cdk4 and cdk6, p27/KIP1 and p53
present cohort of NSCLCs. p16 and Rb proteins have been shoygoteins as well as p16 and Rb proteins, may be involved in the
to be involved in a single regulatory pathway of the cell cycle an@|inical progression and outcome of NSCLCs in a complex manner
tumour suppression (Serrano et al, 1993; Lukas et al, 1995), and (Quinlan et al, 1992; Horio et al, 1993; Mitsudomi et al, 1993; Xu
be reciprocally lost in various cancers, including NSCLCset al, 1994, 1996; Fujino et al, 1995; Kelley et al, 1995; Kratzke et
(Okamoto et al, 1994; Otterson et al, 1994; Tam et al, 19945 1996; Nishio et al, 1996, 1997; Dosaka-Akita et al, 1997; Taga
Geradts et al, 1995; Kelley et al, 1995; Shapiro et al, 1995kt al, 1997; Yatabe et al, 1998). It has been considered that
Betticher et al (1997) reported that patients with altered Rb expref§{SCLCs are very heterogeneous both biologically and clinically
sion in their tumours, irrespective of the p16 and CyCIin D1 Statuﬁbecause: (1) genetic a|terati0ns‘ inc|uding those of tumour
tended to have shortened event-free survival for resected NSCLC@Jppressor genes and oncogenes, in NSCLCs are re|ative|y
These data suggested that it would be interesting to analyse lossfierse, and (2) each alteration is less frequent and specific to
of both p16 and Rb proteins, and to correlate these findings witRSCLCs compared to genetic alterations in other types of cancer
the clinical outcome of NSCLC patients. In this regard, we inVeSti'(Minna et a|, 1997) Hence’ molecular prognostic markers have
gated prognostic values of losses of both proteins in patients withot clearly emerged for NSCLCs yet (Moore and Lee, 1996).
resected NSCLCs in this study. However, determination of alterations of multiple factors involved
Kelley et al (1995) reported that only the cell lines establishegh more than one cell cycle regulatory and tumour suppressive
from stage Ill and IV NSCLCs had homozygous deletion of thepathway may provide increased information regarding survival
p16 gene, and that the survival of patients having cells with anfind prognosis (Dosaka-Akita et al, 1997).
without the homozygous deletion did not exhibit any significant |n conclusion, the presence or absence of expression of p16, Rb
difference. On the other hand, Kratzke et al (1996) studied plénd p16/Rb proteins did not predict the survival and prognosis in
protein expression in a cohort of resected NSCLCs by immunahe present cohort of patients with potentially curatively resected
histochemistry using formalin-fixed paraffin-embedded speci-NSCLCs. However, further studies are needed to determine the
mens, and reported that loss of p16 protein was associated Wiglognostic importance of the loss of p16 and p16/Rb proteins in
shorter survivals, and was a negative prognostic factor. A study lyombination with other factors regulating the G1/S transition.
Taga et al (1997) also showed the association of p16 protein loss
demonstrated by immunohistochemistry with shorter survivals,
but did not show its statistical significance as a prognostic facCtoREFERENCES
The results of the latter two studies on the relationship between the
loss of p16 protein and survival and prognosis of NSCLC patient§ah's OH, Henson DE, Hutter RVP and Kennedy BJ (1992) Luniglanual for
X . . . Staging of Cancerth edn, pp. 115-122. American Joint Committee on
are not in agreement with ours. This discordance may be attributed e chicago
to the difference of fixation and preservation of materials; we use@etticher DC, White GRM, Liu X, Kappeler A, Altermatt HJ, Thatcher N and
fresh, rapidly frozen tissues fixed in methanol, but the other two  Heighway J (1997) G1 control gene status is frequently altered in resectable
studies used archived formalin-fixed paraffin-embedded tissues. imnog'iﬂma”fe’\'/'l'l:lng AcaL”CG"[-‘)‘JJ ga::,e[)(gfesbogcﬁmi:ifi-iﬁid mitp
P16 is (_:onsidered to b?_ highly sus_cep_tible to chemical da_magg? BsIaL’Jgrjr?d :]E zng Si’drzgsky'D ?199a4) R:':ltepylﬁ’(M?rSJ)OmL;ta?ionsein o
depending on the condition of the fixation and/or preservation of  imary tumors with 9p losScience65 415-417
archived tissues (Geradts et al, 1995). In addition, the antibodigssaka-Akita H, Shindoh M, Fujino M, Kinoshita I, Akie K, Katoh M and
against p16 protein used and the criteria for scoring the presence or Kawakami'Y (1994) Abnorma53expression in human lung cancer is
absence of p16 protein were different among studies, and may ‘::ﬁg:iga: g’ég‘_g'gzo'og'c subtypes and patient smoking higtoryl Clin
have caused the discordance of the results. Alternatively, the relgz . . axia H, Hu SX, Fujino M, Harada M, Kinoshita I, Xu HJ, Kuzumaki N,
tively small number of patients analysed in the present study might  kawakami Y and Benedict WF (1997) Altered retinoblastoma protein
be the reason that no association of p16 and p16/Rb protein status expression in nonsmall cell lung cand@ancer79: 1329-1337
with clinical outcome was found. However, the present cohort wa§uiino M, Dosaka-Akita H, Harada M, Hiroumi H, Kinoshita I, Akie Kand
thought to be suitable for the analysis of clinical outcome in Kawakami Y (1995) Prognostic sgnlflcance of p53 and ras p21 expression in
X i X . . K nonsmall cell lung canceCancer76: 24572463
patients with NSCLCs, since disease stage and pN classificatiQfbnan Ea (1965) A generalized Wilcoxon test for comparing arbitrarily singly-
(data not shown) were statistically significant prognostic factors  censored sampleBiometrika52: 203-223
associated with survival, as expected_ Moreover, survival curves @&feradts J, Kratzke RA, Niehans GA and Lincoln CE (1995) Immunohistochemical
patients with p16+ and p16— tumours were very similar. Likewise, detection of the cyclin-dependent kinase inhibitor 2/multiple tumor suppressor

. . . gene 1 CDKN2/MTS}) product p18%#A in archival human solid tumors:
survival curves of patients with p16/Rb+ and p16/Rb— tumours correlation with retinoblastoma protein expressi@ancer Re$5: 6006—6011

were very close to each other, suggesting that the lack of assoCigmnon GJ and Beach D (1994) P is a potential effector of TGB-induced
tion of p16 and p16/Rb protein status with survival was not due to  cell cycle arresiNature (Lond371: 257261
the relatively small number of patients analysed. Taken togethe’f‘,a”z” F('jf J}:(l“t’_%) T;s (PE?L'V' p;g;e‘igr:- g:tgf’l'e“;f”t‘aréLibra'qréuser's
. . . . . ™ uiag Hastings ed.), . — . nstitute: Cary,
these findings indicate the reliability of the present results on p1g, ¢ Sugimgm v Tsuchisg £ Ogaws M and Nakamura 4 (1954) Somatic
and p16/Rb protein status in relation to survival and prognosis. mutations of théITS(multiple tumor suppressor)@DK4l (cyclin-dependent
For Rb protein, the present results on the relationship between kinase-4 inhibitor) gene in human primary non-small-cell lung carcinomas.

Rb protein status and clinical outcome are consistent with those of ~Biochem Biophys Res Comn202 1426-1430
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