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Abstract Immunocytochemically detectable MT andhave not previously been reported to express MT in de-
p53 have been found more commonly in comedo DCi&table amounts [3], MT is variably expressed in duct
of the breast with high-grade cytology. The aim of th@rcinoma in situ (DCIS), with consistently greater
study is to confirm these findings and to investigate themounts in the comedo type, in cytologically high-grade
relationship between MT and p53 in a single large serlesions and associated with extensive intraduct necrosis
of cases of DCIS of the breast. To this end, 127 case$5pf
DCIS were classified histologically according to archi- The protein p53 is a nuclear phosphoprotein which, in
tecture, cytonuclear differentiation (grade), presence amdld type” form, is usually immunocytochemically un-
extent of intraduct necrosis, and using the Van Nugstectable in normal unprovoked breast epithelium. It
system. Sections were immunostained for p53 and Ma@s been postulated that increased expression of wild
(E9) using established techniques, and the extent andtype functional p53 protein inhibits progression through
tensity of staining were assessed semi-quantitively. Tthe cell cycle in situations of ongoing DNA damage.
results confirmed that there was generally more MT aftis may allow time for DNA repair processes to occur
p53 positivity in poorly differentiated (grade 3) DCl®efore mitosis, a mechanism by which the cell is able to
with extensive necrosis and that MT expression waevent the accumulation of DNA mutations [15, 19].
greater in grade 2 lesions than p53 expression. HowetRaised levels of immunocytochemically detectable p53
overall there was no statistically significant correlatigorotein have been noted as a physiological response to
between p53 and MT staining. The results indicate tlaiperimentally induced DNA damage (e.g. by UV radia-
MT and p53 overexpression may arise from independdéiot) [10, 14]. Mutant p53 protein resistant to intracellu-
mechanisms in early breast neoplasia. lar degradation has also been found in raised amounts in
neoplastic cells. The mutant form is also considered to
Key words p53 - Metallothionein - Duct carcinoma  be ineffective in responding to DNA damage and is
of breast - DCIS - Immunohistochemistry therefore associated with cells with greater genomic in-
stability and a greater malignant potential. However, im-
munocytochemically it is not possible to be certain in an
Introduction individual case whether the p53 protein accumulating in
the cells is wild type or mutated [9, 27]. Immunohisto-
Metallothionein (MT) is a low-molecular-weight cys<chemically detected p53 protein in infiltrating mammary
teine-rich protein, which has the ability to bind and searcinomas has nevertheless been shown to be consis-
guestrate heavy metal ions. It has recently been shdemtly associated with a worse prognosis [1] and has also
that immunocytochemically detectable increased levélsen shown to be present in DCIS, where it is associated
of MT expression in invasive breast carcinomas are asaftith large cell size and intraluminal necrosis [22, 25].
ciated with histological and clinical markers of tumour Given these parallel observations the purpose of the
progression and with worse prognosis [6, 7, 23]. Apresent study was to check for a possible correlation be-
though normal and hyperplastic breast ductal epithefigeen p53 and MT immunoreactivity in a series of cases
of DCIS of the breast and to explore possible functional

links between the two proteins in preinvasive neoplastic
A.G. Douglas-Joneg(]) - H. Navabi - J.M. Morgan - B. Jasani preast lesions.
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Materials and methods (LJ\/sf;ggNtlJ;/esc):lflzsssllflcatlon proposed by Silverstein et al.
Case material Lesions with high-grade (grade 3) nuclear features with or without
) .~ necrosis were placed in the high-grade group. Non-high-grade
The 127 cases of DCIS of breast were retrieved from the filesmf|S was divided by the presence (group 2) or absence (group 1)
the Departments of Pathology at Llandough Hospital Trust and #fecomedo-type necrosis. Although not defined in the original de-
University Hospital of Wales, Cardiff. o scription, the observers in this analysis defined necrosis as the
A representative block from each case, containing DCIS wihesence of at least 5 pyknotic epithelial cell nuclei with debris in
background breast tissue, was selected for immunocytochemigal lumen of a duct. One duct containing necrosis as defined was
staining of p53 and MT. The morphologlcal charactaristics of nénough to move a case from group 1 to group 2. Occasional des-

clear grade and extent of necrosis were assessed by observatig&hated or individually necrotic cells were ignored and were not
the material on an adjacent serial section stained with haematagesred as comedo type necrosis.

lin and eosin.

) o ) Immunocytochemical staining of p53 and MT
Morphological classification of lesions
) . Paraffin sections fum thick were cut from each block. For p53

According to the duct architectufg] staining after dewaxing and blocking, the endogenous peroxidase

) ) . sections were then bathed in citrate buffer solution 0.01 M, pH 6
The architectural pattern of the DCIS was determined in the fghd autoclaved at 120°C, 15 ps| for 10 min. After Coo"ng in run-
lowing way. If more than 70% of the structures present were ohag tap water the sections were then transferred to PBS and im-
single architectural type, the case was classified according to f#ignostained. Monoclonal mouse antibody to human p53 protein
predominent architectural type. Any case in which there were Sigas obtained from Dako: DO-7 at 1:100 dilution. The antibody re-
nificant numbers of ducts (more than 10%) showing any degreesgfs with the wild type and the mutant type of the p53 protein. The
intraduct necrosis (defined as 5 or more pyknotic epithelial nucigthnique was validated on normal mucosa and tumour tissue from
with debris in the lumen of a duct) was recorded as “with comeg cases of colon adenocarcinoma using frozen and paraffin-em-

do”. . . bedded sections and a panel of antibodies against p53 including
The following categories were observed: PAB 421 [16].

. ; iy For MT, monoclonal antibody to MT at 1:10,000 dilution was
PC: pure comedo (>70% of ducts present show intraduct necrosis) .. ) 7 - ) -
S: S(ﬁid (<10% of cgucts present shF())w intraduct necrosis) applied overnight at 4°C. The monoclonal anti-MT antibody, E9,

SC: solid with comedo (>10% but<70% of ducts present show J}f2S used in its unfractionated ascites form. The antibody is now
traduct necrosis) commercially available in its purified form from Dako [13].

C: cribriform (<10% of ducts present show intraduct necrosis) The tissue binding of the primary antibody in each case was re-

- rinr ; 0 0 aled by the double immunoperoxidase method involving rabbit
g:r%wcirrll?rgfc%?t r\]/él(t:rrlogic;r)nedo (>10% but<70% of ducts presegﬁti-mouse peroxidase (Dako) at 1:100 dilution for 1 h at 20°C),

M: micropapillary followed by secondary conjugate of swine anti-rabbit peroxidase
In this classification the cytological features of the tumour wefBako) at 1:100 dilution for 1 h at 20°C). The sections were then
ignored rinsed with three changes of PBS and incubated in DABJH

' substrate for 5 min at 20°C. They were finally counterstained in
haematoxylin before being dehydrated and mounted.

According to cytonuclear and architectural features as described
by Holland et al. [11] ) ) o o )
Analysis of immunopositivity: intensity distribution Scoring
This classification is based on nuclear size and pleomorphism and . o o . .
polarity of the cells (architectural features). Well-differentiated/ithin an individual ductal structure containing malignant epithe-
DCIS showed uniform rounded regular nuclei with uniform chrdlim, the total percentage of positive cells was assessed. Then the
matin staining and polarity of cells towards lumina within the aPercentages of weakly, moderately and strongly staining cells
chitecture of the malignant intraduct proliferation. Moderately divere assessed so that the sum of these categories equated with the
ferentiated DCIS showed moderate nuclear pleomorphism wiperall percentage positivity. A staining score was then calculated
loss of polarity but some residual orientation of tumour cellds follows:
Poorly differentiated DCIS showed marked nuclear pleomag- ; _
phism, coarse chromatin, hyperchromasia, and epithelial mit(c)%sore (out of maximum of 300%_3' xefgéﬁ?;tzg;?rzc\;éee?gtgz++)
activity with loss of polarity of cells. Cytonuclear differentiation 3 x percentage of strong (+++)
of DCIS was generally uniform within each individual case. If the P 9 9
cytonuclear features showed variation the case was classifiedafe assessment was performed on a consensus basis by two pa-
cording to the least differentiated area. thologists (A.G. D-J. and B.J.) using a double-headed microscope.
Initially, an overall decision on whether or not an individual case
) ) ) showed homogeneous staining was made. If all the ducts present
According to extent of intraduct necrosis showed similar levels of staining (homogeneous) three ducts were
) ] ] chosen at random for assessment. If staining appeared to be differ-
A third type of analysis based on a case-by-case comparison @@sin different ducts (heterogeneous) the three most strongly
performed on the basis of categorising the lesion/case as a wigdéning ducts and the three most weakly staining ducts were as-
as either pure comedo (i.e.>90% of ducts containing necrosidssed and the corresponding mean values calculated. An average
DCIS with necrosis (DN+, i.e.>10% but<90% of ducts containingalue was calculated from these means to represent the overall
necrosis) or DCIS without necrosis (DN—, i.e.<10% of ducts cogcore for the lesion.
taining necrosis). Background ducts and lobules showed no p53 positivity in ei-
ther myoepithelial or epithelial cells. Immunopositivity for p53 in
DCIS was almost exclusively intranuclear and was in many cases
undetectable, resulting in an intensity distribution (ID) score of 0.
Immunopositivity for MT in DCIS was seen in both nuclei and cy-
toplasm and the overall degree of positivity was assessed with no
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attempt to score the two compartments separately. In this studyl20q__ [JiD:MT
background ducts and lobular epithelium showed some degree of MT backand
positivity for MT. The degree of this positivity in background epi- — - ackgn
thelial cells was assessed using the same ID scoring system de-?0 M D ps3
scribed above in all cases in the same sections as the DCIS, but.on
a different occasion and without reference to the ID of the DCE g |
component. € % — _
Myoepithelial cells around background ducts and lobulés
stained strongly positive for MT, and these cells were disregard@d 60 |

during ID scoring. o | % 7 % %

40

ID scor

Statistical analysis

Although the arithmetic mean and standard deviations of the ob- 20

served ID values are given, the data were not normally distributed

and so a non-parametric procedure for multiple comparisons be- g %z 1§ 7 1§

tween grouped data sets was applied with a standard error correct- S PC sc cc M c

ed for tied ranks. Such a test allows for zero values in one data set Type

and also for non-normal frequency distributions within the data

sets. Critical values for this test, Q(a), (k), are given by Zar [29].Fig. 2 Immunostaining of DCIS for p53 and MT according to ar-
Spearman’s ranked correlation test was applied for comparisghitectural type. Mean ID scores (out of a maximum of 300) are

of p53 versus MT with paired data sets. Parametric proceduptsited [S solid, PC pure comedo (>70% ducts containing necro-

were inapplicable owing to the non-normal frequency distributigis), SCsolid with comedoCC cribriform with comedoM micro-

of the p53 data set (many lesions showed no positivity for pgpillary, C cribriform]

thus scoring ID of 0). Correlation coefficients, were calculated

with corrections for tied ranks.

Analysis according to duct architectural type

Results The ID scores for p53 in relation to type of DCIS are
shown in Fig. 2. The results show low expression of p53
An example of positive immunostaining for MT in DCISn cribriform (mean: 4.6, SD: 9.8=15) micropapillary
is shown in Fig. 1a, and an example of positive immun@nean: 12.9, SD: 2.4=15) and cribriform with focal
staining for p53 in Fig. 1b. Analysis of the data was perecrosis (mean: 1.9, SD: 21156) . There is more p53
formed using the four different approaches to the clasgkpression in solid-type DCIS (mean: 4.8, SD: 8.4,
fication of the DCIS, as outlined previously. n=11), and this expression is increased if more than 10%
of ducts contain necrosis (SC; mean: 19.9, SD: 30.6,
n=27). The highest p53 immunopositivity was seen in
the pure comedo type of DCIS (mean: 62.9, SD: 78.8,
n=31). The difference between micropapillary and pure
Fig. 1la Duct containing duct carcinoma in situ (DCIS) showingomedo is highly significant?0.01) and the difference

immunopositivity for metallothionein (MT). This duct was giverhetween micropapillary and solid with comedo (SC) is
an intensity distribution (ID) score of 118 (out of a possible maxkiso significant P<0.05)

mum of 300).b Duct containing DCIS showing nuclear immuno- f : : . f |
positivity for p53. This duct was given an ID score of 155 (out of a |D scores for MT according to type of DCIS are also

possible maximum of 300). x270 shown in Fig. 2, and the results show an overall higher
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Fig. 3 Immunostaining of DCIS for p53 and MT according td-ig. 4 Immunostaining of DCIS for p53 and MT according to ex-

cytonuclear differentiation (grade) [11]. Mean ID scores (out oftant of necrosis (disregarding architecture and cytology). Mean 1D

maximum of 300) are plotted. (vell differentated2 moderately scores (out of a maximum of 300) are plott@N{ no necrosis

differentiated 3 poorly differentiatec’ (<10% of ducts contain necrosi®N+ with necrosis (>10%
and<90% of ducts contain necrosiB)C pure comedo (>90% of
ducts contain necrosis}]

level of positive staining but with a pattern similar to th&nalysis according to extent of intraduct necrosis
for p53. There is lower MT ID in cribriform DCIS
(mean: 76.7, SD: 48.1=15), cribriform with more than ID scores for p53 in relation to the extent of intraduct ne-
10% of ducts containing necrosis (mean: 74.8, SD: 30c¥gsis is shown in Fig. 4. There is very low p53 expres-
n=6), and micropapillary (mean: 72.4, SD: 41Ing15). sion in ducts containing no necrosis (mean: 3.3, SD:7.3,
There is significantly more MT expression in solid DCI8=35), with higher expression in ducts with necrosis
(mean: 117.6, SD: 29.1h=11), solid DCIS with ducts (mean: 18.7, SD: 28.8=42), but much higher levels are
containing necrosis (mean: 104.6, SD: 44427) and seen in pure comedo cases (mean: 69.0, SD:ii938).
pure comedo-type DCIS (mean: 118.2, SD: 48:431). ID scores for MT expression in relation to necrosis are
The differences between micropapillary and pure constown in Fig. 4 and the data mirror those for p53 in that
do is significant P<0.05) and that between micropapillowest expression of MT is seen in cases without intra-
lary and solid (S) is significanPg0.05). duct necrosis (mean: 82.1, SD: 4h%35), whereas sig-
nificantly higher expression is seen in cases of pure com-
edo DCIS (mean: 113.6, SD: 47r429) .
Analysis according to cytological differentiation
and cellular polarity (cytological grade)
Analysis according to Van Nuys classification
ID scores for p53 in relation to cytonuclear differentia-
tion (grade) are shown in Fig. 3. There is little p53 posB scores for p53 and MT in relation to the Van Nuys
tivity in well-differentiated lesions, i.e. grade 1 (meartlassification are shown in Fig. 5. The results are very
5.0, SD: 9.2,n=27) and moderately differentiated lesimilar to those analysed by the Holland classification
sions, i.e. grade 2 (mean: 10.3, SD 18535) and sig- (cytology and polarity). In both analyses p53 and MT ex-
nificantly (P<0.05) increased expression of p53 in poorfyression in low-grade DCIS is significantly<0.05) dif-
differentiated, i.e. grade 3 DCIS lesions (mean: 54férent from expression in high-grade lesions.
SD: 72.2,n=40) . The ID scores for MT in relation to There was significantly more MT in background
p53 expression are also shown in Fig. 3, and there is &igeast containing grade 3 DCIS than in background
nificantly (P<0.05) more MT expression in lesions ofreast containing grade 1 DCIS (Holland and Van Nuys
grades 2 (mean: 107.7, SD: 48r%34) and 3 (mean: classifications).
105.4, SD: 44.5n=74) than in grade 1 lesions (mean: Overall the results show a parallelism between ex-
73.7, SD: 41.4n=36). Interestingly, there is a markegbression of p53 and metallothionein in relation to each of
difference between p53 expression and MT expressiorihie classification systems analysed. The relationship be-
grade 2 lesions in which there is raised expression of Mieen p53 and MT ID scores is shown in Fig. 6. There is
but not of p53. no significant correlation between the levels of the two
proteins (Spearmans’ ranked correlation test).



377

1204 B D pss sensitive so that previously undetectable levels of MT
1 Mprack o have been immunostained. This is unimportant in that all
100 A ID'MT 9 the sections were immunostained as a ‘batch’ and al-

though all ID scores may be raised the differences be-
tween the grades of DCIS will remain. Alternatively, the
Y background breast epithelium in these cases may not be
‘normal’ but may show a genuine increase in MT levels
77 above those in normal breast epithelium not associated
with morphological change.

Of particular interest is the observation that there is

more immunocytochemically detectable MT in back-
% ground epithelium from breasts containing grade 3 DCIS

(e}
o
I

ID score (300 max.)
b [e2]
o o

N
o
I

1 % than in background epithelium from breasts containing
0- ; grade 1 DCIS (Figs. 3-5). If there was a general increase
1 2 3 in threshold, this finding would not be expected. In view
Van Nuys of the possibility that MT expression may be an early
Fig. 5 Immunostaining of DCIS for p53 and MT [25]. Mean IDEVENT in breast carcinogenesis, it would be of consider-
scores (out of a maximum of 300) are plottédofv-grade cytolo- able interest to explore this possibility further by com-
gy, no necrosis? low-grade cytology with necrosi8, high grade paring MT expression in genuinely normal breast epithe-
cytology (with or without necrosi ;] lium directly with that in background morphologically
“normal” epithelium from breasts containing malignant
disease. A more sensitive assay than standard immuno-
cytochemistry would probably be required to resolve the
guestion.
Early studies investigating the expression of p53 pro-
o tein in DCIS were limited because the small numbers of
o pure DCIS were included as part of a larger group of in-
filtrating breast carcinomas. Schmitt et al. found no cor-
o relation between p53 positivity (defined as 5% or more
oo of tumour cell nuclei showing p53 immunostaining), but
o only 23 cases were studied and only an architectural
o classification was used [24]. Umekita et al. found only 1
of 13 cases of pure DCIS expressing p53, but in invasive
o o tumours with an in situ component there was a signifi-
cant correlation between p53 expression and histological
100 200 300 grade and comedo subtype (but the method of grading
p53 [ID score (300 max.)] and the definition of comedo are not given in this paper)
) _ o _ 26]. The study presented here is the first to document
e o e e breamon . €Xpression of mmunocytochemically detectable pS3
two proteins can be demonstrated i DCIS classified by a number of different published
systems. The results confirm that there are higher levels
of expression of p53 protein in high-grade DCIS with
Discussion necrosis [22, 25, 28]. Detection of p53 immunocyto-
chemically is virtually confined to grade 3 DCIS with
In invasive breast carcinomas, increased MT expresspmre “comedo” architecture (defined as more than 90%
and p53 expression by tumour cells are associated withf aducts present showing intraluminal necrosis), as
worse prognosis [1, 6, 23]. These observations are shewn in Figs. 2—4. All immunocytochemical studies on
flected in the pre-invasive stage of the disease. p53 accumulation must be interpreted with caution, in
This larger series confirms that the expression of Mfat raised intracellular p53 levels do not necessarily im-
is greater in grade 2 and 3 DCIS and those with ext@hy mutated protein product [9, 27].
sive necrosis (>90% of ducts showing intraluminal ne- The raised expression of p53 in high-grade comedo
crosis), as previously observed, but grade 1 lesions &S does not therefore mean tip&3 mutation has oc-
DCIS without necrosis also show MT expression [5]. kurred. Early attempts to demonstr@t®3 gene muta-
this study background morphologically ‘normal’ breasions in p53-immunopositive DCIS have had limited suc-
epithelial cells were found to contain immunocytochentess [21].
cally detectable MT. Previous studies of MT expression There are a number of mechanisms other than muta-
in benign breast disease have not shown this phenotimt by which p53 may be functionally inactivated. Loss
non [3]. There are several possible explanations for thisfunction could be due to a sequestration of p53 in the
observation in this study. The assay may be particulacitoplasmic compartment away from its intranuclear site

300

100 4

MT [ID score (300 max.)]
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of action [20]. More recently, enzymatic modification ah grade 1 and 2 DCIS) would involve initial increased
the carboxy-terminal regulatory site by protein kinasegpression of MT, sequestration of intracellular zinc and
has been shown to alter binding of wild type p53 to DNiinctional inactivation of normal wild type p53 through
[12]. There are theoretical mechanisms by which Mmhibition of intranuclear zinc dependent binding. The
and p53 may interact in the control of cell division. p5&cond pathway (in grade 3 DCIS) would involve inacti-
binds to DNA (preventing transcription) through a zinasation and accumulation of p53 by other independent
dependent binding mechanism. Binding of zinc fingemechanisms (one of which would p83gene mutation),
proteins, which act as transcription factors, can be weakd in these circumstances the level of MT expression in
ened in vitro by the presence of metal chelating agetite cell would be irrelevant. The third pathway would in-
[4]. In addition, it has been shown in vitro that exposuvelve accumulation of neither MT nor p53. In keeping
to a metal-chelating agent induces a reversible confaiith these postulates, some cases of high-grade comedo
mational change in “wild type” p53 to the mutant forrDCIS show high levels of expression of MT and p53,
It is thought that binding of zinc ions to cysteinyl resiwhilst others show either MT or p53 expression alone,
dues stabilises the tertiary structure of p53. [8]. MTs aland in addition there are cases that are negative for both
have high affinity for zinc ions and so could act as intre4T and p53 immunostaining.

cellular sequestraters of zinc . Cells containing MT in In conclusion, the results presented here confirm pre-
sufficient quantity to reduce intranuclear zinc ion levelgous findings that there are higher levels of expression of
and functionally inactivate p53 would be at a growth ags3 and MT protein in high-grade DCIS with necrosis
vantage and be able to proliferate, accumulating mutehichever classification system of DCIS is applied. In
tional events. The data presented here show that themhisstudy no correlation was found between p53 and MT,
expression of MT in grade 1 and grade 2 DCIS (and evarmygesting that raised expression of these proteins in
the suggestion of expression in background epitheliumhigh-grade DCIS comes about by independent pathways.

breast tissue containing DCIS ) but minimal p53 acc “knowl ments Th hors wish 16 thank Dr. NS Dallimor
mul_atlon, indicating Fhat the_ accumul_atlon of MT may cLlaonnggﬁ NZStSTrugt?gteﬁa?th fzr Itwcéltp ?n identifyisng %asec')s ?n-
an important event in carcinogenesis of “low and intefluded in this study. The authors wish to thank M. Stanton for pro-
mediate grade” breast intraduct neoplasia without the ajoling the photomicrographs.

pearance of immunocytochemically detectable p53. This

finding would be in keeping with the hypothesis outlined
above, in that over-expression of MT as an initial eveleferences
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