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Expression of p2 1 in fetal and adult tissues:
simultaneous analysis with Ki67 and p53

M S Mateo, A I Saez, M Sanchez-Beato, P Garcia, L Sanchez-Verde, J C Martinez,
J L Orradre, M A Piris

Abstract
Aims-To determine the expression of
p21WAl'CIPl in relation to the expression of
Ki67 and p53 in various normal adult and
fetal tissues, and to investigate its distri-
bution throughout the cell cycle.
Methods-The expression of p21WAF11CIP1 in
relation to Ki67 and p53 was analysed in
adult and fetal tissues using immuno-
histochemical techniques. Heat induced
epitope retrieval techniques were used to
characterise the presence of p21WAl'CIPl in
different tissues, as well as to detect its
distribution throughout the cell cycle. In
addition, flow cytometry and western
blotting were used to test whether the level
of p21W""lICIPl expression varied at different
phases of the cell cycle in phytohaemag-
glutinin (PHA) stimulated lymphocytes.
Results-p2l1 ''"l"I expression varied
from one tissue to another, and it was
restricted mainly to the squamous and
glandular epithelium, where it appeared
in association with p53. Human tissues in
which p2lWAlICIPl was found showed a
mutually exclusive topographical sequen-
tial expression between p21WAF11CIP1 and
Ki67. This was confirmed by double label-
ling studies, which showed that p21WAlICI"l
positive cells were in the Go phase. Unlike
these findings of a decline in p2IWAF1/CIPl
expression after the Go phase, PHA stimu-
lated lymphocytes showed a level of
p21WAFl/CIPI expression that rose as the cell
progressed through the cell cycle.
Conclusions-The analysis of p21WAFICIPI
expression in relation to the status of p53
should take into account the existence of
variable p21WAFl1CIP1 expression in different
tissues. This could provide an explanation
for the varying frequency ofp53 mutations
in tumours of different cellular origin. In
tissues characterised by regular p21WAF1'I'P1
expression, it appears in a pattern that is
consistent with the proposed role of this
inhibitor of cyclin dependent kinases in
cell cycle arrest-that of inducing cell dif-
ferentiation. The conflicting results of in
vivo and in vitro studies could support the
hypothesis that microenvironmental con-
ditions may influence the location of
p21WAlC'iP' in different phases of the cell
cycle.
( Clin Pathol 1997;50:645-653)
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p2 1WAFLCIP1 is a 21 kDa cell cycle regulatory
protein that can inhibit the kinase activities of a
variety of cyclin dependent kinases (CDKs)
involved in cell cycle control. 3̀ This protein
was identified originally in normal human
fibroblasts as one component of a quaternary
complex with cyclin, CDKs, and proliferating
cell nuclear antigen (PCNA).4 Recent studies
have clarified the means by which p21WAFI dPI
interacts with CDKs, giving rise to observa-
tions suggesting that catalytically active cyclin-
CDK-p21WAFICIP complexes contain a single
p2 1WAFI/CIPi molecule, while inactive complexes
contain multiple p2 1WAFI/CIPI molecules.5

In addition to its kinase inhibitor activity,
p2 1WAFPICIPI is able to inhibit DNA replication in
the S phase of the cell cycle by interaction with
PCNA, blocking the ability of PCNA to
activate DNA polymerase.6 Different and
separate domains in the p21WA1FlCIPI molecule
have been described for the inhibition ofCDKs
and PCNA.7 8 Yang et al9 have confirmed that
the growth of malignant cells, both in vitro and
in vivo, is inhibited by the expression of
p2IWAFl/CIPI) while in some cases this blockage of
the cell cycle is associated with the induction of
terminal differentiation.

p21WAFI1CIPI was described initially as a wild-
type p53 inducible molecule, involved as a
downstream effector of p53 tumour
suppression.0 " The exposure of cells to agents
that cause DNA damage leads to p53 binding
to DNA breakpoints, and subsequent p53
dependent induction of p2 1WAFI1CIPI expression
that inhibits CDKs during the G,/S phase of
the cell cycle." 12 Cells defective in p53 lack
active p2 1WAFIcIPl after treatment with DNA
damaging radiation or chemotherapy." 3
Nevertheless, p21WAFl ICPl has been shown to be
regulated independently ofp53 in different cell
lines, as may be observed also in normal tissue
development in p53 deficient mice and follow-
ing serum stimulation.'4 15 This p53 independ-
ent induction of p2 1 "/CIP' has been shown to
correlate with the growth arrest associated with
differentiation during the Go phase of the cell
cycle.'6 17

Previous studies on p2 1WAF'1clpl expression
have been performed mainly in embryonic and
adult mouse tissues,'8 19 with the exception of
some detailed studies on p2IWAFl'CIp' expression
in human gastrointestinal tract mucosa,'0 21 and
a recent study characterising the staining
patterns of different p2 IWAFI/CIPI antibodies in
normal human tissue.2
An initial search for p2 1WAFI/CIPI expression in

various adult human tissues showed selective
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Table 1 Expression ofp21lWAFCP, p53, and Ki67 protein in adult andfetal normal tissues

Adult Fetal

Rb
Tissue Cell type Ki67 p21 p53 Tissue Ki67 p21 p53 protein

Skin Basal cells - - + Skin basal cells ++ - - ++

Cerebellum
Eye
Reactive lymph
nodes

Spleen

Suprabasal cells
Spinous layer cells
Neurons/glia

Germinal centre
Interfollicular area

Thymus Epithelial cells
Lymphoid cells

Tonsil Basal cells
Suprabasal cells
Close up suprabasal cells
Germinal centre
Interfollicular area

Salivary gland Ducts/acines
Oesophagus Squamous epithelium:

Basal cells
Suprabasal cells
Close up suprabasal cells

Stomach Gastric epithelium:
Base
Neck
Isthmus
Pit

Small and large Intestinal epithelium:
intestine Crypt/base

Crypt/superficie
Liver

Pancreas
Lung
Heart
Smooth muscle
Skeletal muscle
Kidney
Adrenal gland

Thyroid gland
Breast
Cervix

Placenta

Testis

Hypophysis
Pineal
Ovary
Prostate
Uterus

Ducts/acines

Glomeruli/tubules
Cortex:
Glomerulosa
Fasciculada
Reticular

Medulla
Ducts/follicle

Squamous epithelial:
Basal cells
Suprabasal cells
Close up suprabasal cells

Sincitiotrophoblast
Citotrophoblast
Mesenchyme villus
Seminiferous tubule
Leydig cells
Efferent/epididymis
Mesenchyme/vasos
Nervous/glandular zones

+++

++
+++
++

+++

++

++

++

++

+++ +
_++

+

+ Spinous layer cells

- Cerebellum

Lymph nodes

+

++
++

+

Primitive epithelium ++
digestive tube

++

++

_ ++

+ _

+

++
+
+
+

Liver hepatocytes
Haematopoiesis
Pancreas
Lung
Heart
Muscle

Kidney
Adrenal gland:

Definitive cortex
Primitive cortex
Medula

++
++
++

+++ + +
_ ++ _

_ ++ _

+ _

++ _

_ +

+ ++
+

++

+

+++
++
++
++

++

++

++

_ - ++

_ _ ~+++
_ _ ~+++
_ _ ~++

_ _ ~++

+ + ++
++ - ++
_ _ +

Primitive testis + +

-, no staining; +, weak staining; ++, medium staining; +++, strong staining. Rb, retinoblastoma.

expression of this protein, restricted to some
cell populations in certain tissues. This has led
to a more comprehensive characterisation of
p2 1WAF1CIP' distribution in adult human tissues,
in an attempt to establish a relation between
p21WAFl/cIPl p53, and Ki67 expression.
Our results indicate that the p21WAF/'cIP1 pro-

tein, associated with p53, is expressed selec-
tively by squamous and mucous secreting epi-
thelial cells in adult tissues, in a pattern
associated with cell differentiation.
To address the question of whether the

expression of p21lW"/f"IP1 in different tissues
having different growth fractions could be
explained on the basis of p21lWAF/CIP' modula-
tion during the cell cycle, we tested whether the
level of expression of p2lWAFl'CI"l varied
throughout the different phases ofthe cell cycle

in phytohaemagglutinin (PHA) stimulated
lymphocytes, using flow cytometry and west-
ern blotting.

Materials and methods
TISSUES
Normal adult and fetal human tissues were
obtained from the routine files of the pathol-
ogy department, in the Virgen de la Salud
Hospital, Toledo, Spain. Fetal tissue was
collected from 12-13 week spontaneous abor-
tion specimens, sent in for study by the
pathology department

Five paraffin blocks of different surgical
specimens were analysed in each tissue. They
were fixed in buffered formalin for 24 hours
shortly after surgery, and embedded in paraffin

646

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.50.8.645 on 1 A
ugust 1997. D

ow
nloaded from

 

http://jcp.bmj.com/


Expression ofp2 WAFI cIP' in fetal and adult tissues

e

i t;r8rS-a w A

A~~~MWa g

B C

I'
,.S

tt -0

*1

i@.

AID f .0I % t E

Figure 1 Ki67 (A), p21 WAFIICLPI (B), and p53 (C) immunostaining. Reactive
lymphoid follicles showing Ki67 labelling of most germinal centre cells, but with
scattered p53 and p21 AFI'LIP' positive cells. In contrast to this finding, the squamous
epithelium shows Ki67 (D) labelling of suprabasal cells, p21wAFILIP' generalised
expression by close up suprabasal cells (E), and a less intense p53 staining of basal
nuclei (F). Double stainingfor Ki67 (peroxidase) and p2JWAFICLIP1 (alkaline
phosphatase) in the tonsilar epithelium (G) showing mutually exclusive Ki67 and
p21lAF ' staining. Immunoperoxidase staining counterstained with haematoxylin.
(Original magnification x400, except G, xlOOO.)

G

following routine procedures. Representative
sections of each paraffin tissue block were

stained with haematoxylin and eosin and
examined microscopically to confirm histo-
logical preservation. Parallel sections were

then processed for immunohistochemical
studies.

PERIPHERAL BLOOD LYMPHOCYTES

Normal peripheral blood was obtained by
venepuncture from voluntary healthy donors.
Peripheral blood lymphocytes (PBLs) were

isolated by Histopaque (Sigma, St Louis, USA)
density gradient centrifugation and washed in
RPMI-1640 medium. Cells were kept at 37°C
in a 5% CO2 humidified incubator in cell
culture flasks, at 2 x 100 cells/ml of RPMI-
1640 medium, supplemented with 10% fetal
calf serum, 2 mM L-glutamine, and 2% PHA
(Gibco, BRL, Glasgow, UK). Aliquots of the
activated cells were harvested every 24 hours
and prepared for analysis.

IMMUNOHISTOCHEMISTRY

Immunostaining techniques were performed in
paraffin embedded tissue. A step of heat
induced retrieval antigen, in a solution of
sodium citrate buffer, was performed before
incubation with antibodies. Xylene dewaxed
and alcohol rehydrated paraffin sections were

placed in Coplin jars filled with a 0.01 M
tri-sodium citrate solution, and heated for
three minutes in a conventional pressure

cooker. After heating, slides were rinsed in cool
running water for five minutes. They were

washed quickly in Tris buffered saline (TBS)
pH 7.4, and incubated with primary antibodies
specific for: p21WAFl (antibody WAF1; Onco-
gene Science, Cambridge, Massachusetts,
USA); p53 (antibody D07; Novocastra, New-
castle, UK); Ki67 (antibody MIB1; Novocas-
tra); and Rb (antibody PMG3-245; Pharmin-
gen, San Diego, California, USA).

Following incubation with the primary anti-
body, immunodetection was performed with
biotinylated antimouse immunoglobulins, fol-
lowed by peroxidase labelled streptavidine
(Dako) with diaminobenzidine (DAB) chro-
mogen as substrate. All immunostaining was

performed using the TechMate 500 (Dako)
automatic immunostaining device. Incubation
omitting the specific antibody, as well as with
unrelated antibodies, was used as a control of
the technique.
For double immunostaining, sections were

incubated first with the MIB 1 monoclonal
antibody followed by incubation with bioti-
nylated antimouse immunoglobulin (Dako).
Peroxidase labelled streptavidine was then
added and developed with DAB. The sections
were then incubated with WAF1, followed by
biotinylated antimouse immunoglobulin and
alkaline phosphatase labelled streptavidine. A
mixture of naphthol phosphatase and new

fuchsin was used as chromogen.
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Figure 2 Thymic
immunostaining for Ki67
(A), p21WAF)CPJ (B), and
p53 (C). Although thymic
cortical cells exhibit a high
growth fraction, p53 and
p2lWAFlCJPI expression
appears to be restricted
mainly to epithelial cells.
The mucous secreting
epithelium ofgastric
foveolae staining showing
Ki67 labelling of isthmus
gastric cells (D), in contrast
to the p21 WAFI CIPI staining of
gastric pit cells (E).
Immunoperoxidase staining
counterstained with
haematoxylin. (Original
magnification x160, except
C x400.)
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The intensity of expression was scored semi-
quantitatively by two independent observers
as: 0 (no cell staining), 1 + (isolated cell
staining), 2+ (intermediate number of cells
stained), or 3+ (staining of most cells).

WESTERN BLOTTING
Peripheral blood lymphocytes (PBL) and PHA
stimulated PBLs were washed twice with cold
phosphate buffered saline (PBS) before the
protein extraction procedure. Protein was
extracted with a triple detergent lysis buffer
(50 mM Tris HCI (pH 8.0), 150 mM NaCl,
0.02% sodium azide, 0.1% sodium dodecyl
sulphate (SDS), 1% Nonidet P-40 (NP-40),
0.5% sodium deoxycholate, phenylmethyl-
sulphonyl fluoride 100 ,ug/ml, aprotinin 50 gg/
ml) for 30 minutes at 4°C. Extracts were
cleared by centrifugation.

Extracted protein was resolved by 7.5%
SDS-polyacrylamide gel electrophoresis
(PAGE), and transferred to nitrocellulose-ECL
(Amersham, Buckinghamshire, UK) according
to the manufacturer's instructions. The blots
were blocked overnight with 5% bovine serum
albumin in PBS at 37°C. p53 and p21WAFl/CIPl
proteins were detected by D07 and WAF1
monoclonal antibodies, respectively, followed
by incubation with goat antimouse coupled to

horseradish peroxidase (Amersham). Blots
were developed using the chemiluminescence
ECL detection kit (Amersham).

Proteins from PBLs and PHA stimulated
PBLs were incubated with an actin specific
monoclonal antibody (Amersham) to control
for the amount and quality of the protein
extracted.

FLOW CYTOMETRY
The expression of p2 1WAFI CIPI p53, and
Ki67 was also studied using flow cytometry
analysis of PHA activated lymphocytes. For
detection of the three proteins by immunofluo-
rescence, fixation/permeabilisation for optimal
immunodetection was performed with
paraformaldehyde/triton X-100. The mono-
clonal antibodies used included WAF1, D07-
FITC (fluorescein isothiocyanate; Dako), and
Ki67-FITC (Dako). An isotype matched nega-
tive control was used to estimate the quantity of
non-specific binding.

Before labelling, the cells were incubated for
30 minutes with 20% goat serum. They were
then incubated for 30 minutes at 4°C with the
relevant monoclonal antibodies, followed by
two consecutive washes in 0.1% bovine serum
albumin diluted in PBS. For p21WAF1GcIP' detec-
tion, cells were incubated once again (30 min-
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Figure 3 Ki67 (A), p2JWAFI rip' (B), double Ki671p2JAFI' rip) (C), and p53 (D) staining in the placenta: cytotrophoblast
cells show Ki67 andp53 labelling, while syncytiotrophoblast cells only have distinct p2 WAFI LIP) labelling. Immunostaining of
the testis revealing Ki67 reactivity ofgerminal cells within the seminiferous tubule (E) and p21 FI' CI'' staining of Leydig
cells (F). Fetal muscle cells showing Ki67 (G) and p2JWIAFI 'IP) (H) staining. Immunoperoxidase staining counterstained
with haematoxylin. (Original magnification x400, except D xlOOO.)

utes at 4°C) with goat antimouse monoclonal
antibody (F(ab)'2 fragments) conjugated with
FITC (Dako). After two more washes, the cells
were analysed.

Parallel samples of PHA activated lym-
phocytes were prepared for the study of the
nuclear DNA content by flow cytometry using
the CycleTest DNA reagent kit (BD Immuno-
cytometry System). Sample preparation, data
acquisition, and analysis have been described
elsewhere.23
Double staining for p21WAFI/CIPI and DNA

was performed in PHA activated lymphocytes

that had been fixed previously, permeabilised,
and indirectly labelled for p21WAF1 CIPi using a

FITC tagged secondary antibody. The lym-
phocytes were then incubated (30 minutes at
room temperature) with 100 gl of RNAse
(2 mg/ml) and 200 gl of propidium iodide
(2 mg/ml), after which the cells were analysed.
Flow cytometry was performed using a

FACSORT instrument (Becton Dickinson,
San Jose, California, USA), equipped with a

double discrimination module. Cell cycle
analysis was carried out using the CELLFIT
software package for data acquisition and
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Fluorescence intensity DNA DNA/P21
Figure 4 (A) Flow cytometry analysis ofp21lWFI"CP, p53, and Ki67 protein expression in phytohaemagglutinin stimulated
peripheral blood lymphocytes. Fluorescence histogram of unstimulated PBLs, and PBLs after 24 hours, 48 hours, and 72
hours ofPHA stimulation. An increase in the mean fluorescence intensity ofp2Jl1"' "', p53 and Ki67 is evident. The
vertical marker, positioned on negative control samples, separates the non-reactive (left) from the reactive (right) cells. (B)
Relation between p21 F CIPI and the cell cycle in PHA stimulated lymphocytes (B). Analysis ofp21"l "IP) (ordinate)IDNA
(abscissa) double labelled samples; the horizontal windows define the reactivity thresholdfor p21 FI "'IP.

analysis. Protein analysis was undertaken using
the LYSIS II software program (Becton
Dickinson).

Results
EXPRESSION OF P21 IN NORMAL HUMAN
TISSUE
A differential pattern of p21WAFICIPI expression
was observed. Results have been grouped
according to the intensity of expression.

Adult tissues with low or null p2l"1 (IF)

expression
In the brain, eye, spleen, salivary gland, liver,
pancreas, lung, heart, smooth and skeletal
muscle, kidney, breast, hypophysis, pineal
gland, and uterus, p2 1WAFI/CIPI expression was

found only in rare isolated cells (table 1). A
similar pattern of reactivity was found for p53.

Isolated p21WAF1CIPI positive cells were identi-
fied in nearly all the reactive lymphoid tissue
samples analysed (mainly tonsil and lymph
node). From one to three lymphoid cells/high
power field were detected in the germinal cen-
tre and interfollicular areas (fig 1B). p53 posi-
tive cells were seen in these lymphoid tissues,
paralleling p2 1WAF1'CIPO distribution and inten-
sity (figs 1B and C) (table 1).
Ki67 expression was present in all these tis-

sues at different levels of intensity. Low Ki67
levels were detected in the majority of tissue
types, with the exception of reactive lymphoid
tissue, where the majority of germinal centre
and large interfollicular cells show strong reac-

tivity (fig 1A) (table 1).

Adult tissues with high p21 WAFJ CIPI expression
The squamous epithelium in skin, tonsil,
oesophagus, and cervix showed a topographi-
cally sequential expression for p21WAFl CIPi and
Ki67. Detailed analysis of reactivity for the dif-
ferent proteins is shown in the table 1. Double
staining for Ki67 and p21iWA1 CIP1 was per-
formed in tonsilar squamous epithelium; this
confirmed the mutually exclusive expression of
these two proteins, from Ki67+ p21- suprabasal
cells to Ki67- p2l+ spinous stratum cells. (figs
1D-G).
In the thymus, p21WAFI CIPI staining of epithe-

lial cells was wery intense, unlike the weak
staining of lymphoid cells. Ki67 reactivity was
mainly found in lymphoid cells. Mild p53
expression was observed (figs 2A-C).
The glandular epithelium in the stomach

and intestine also showed mutually exclusive
and sequential staining for p21AF ,CIP1 and
Ki67 (table 1, figs 2D-E).
The adrenal gland, testis, and placenta also

showed p21WAFi/CIP staining in some cell
subsets, although always with an inverse
relation between Ki67 and p2 1WAFI/CIPI staining
(table 1, figs 3A-F). Cytotrophoblast cells in
the placenta exhibited striking p53 staining,
more intense in this cell layer than in any other
tissue (fig 3D).

Fetal tissue
p21WAF ICIPI protein expression was not present
in the majority of cell types, even those in
which expression was detectable in the adult
tissue. In the adrenal gland, p21WAFl CIPI positive
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Figure 5 Flow cytometry data for p21lWAF"', p53, and DNA index expression in
phytohaemagglutinin stimulated peripheral blood lymphocytes. %S, percentage of cell
S phase of the cell cycle.

cells were observed mainly in the prir
cortex and some definitive cortex cells (s
taneously with p53); the adrenal medull
negative. Ki67 staining was the reverse

1).
In skeletal muscle tissue the p21lWAF'cIP

tein was detected in isolated nuclei (fit
table 1).
On the other hand, Rb protein exprc

was observed in all tissues at variable lev
intensity. Rb and Ki67 proteins disp
simultaneous expression in most cell
(table 1).

EXPRESSION OF P21WAFICIPI IN PHA STIMULAT
PBLS
Peripheral blood lymphocytes were stimi
with PHA for 72 hours and analysed fi
amount of S phase cells by flow cytor
Ki67 fluorescence intensity along the cell
was investigated in parallel samples.
results are shown in figs 4 and 5.
The amount of p2lWAFi d'Pi and p53 pi

expression was measured in PHA stimL
PBLs by western blotting and flow cytor

p2 1/WAF1

actin

Figure 6 Western blot analysis ofp53, p2 A1 FCIPI, and
actin proteins in phytohaemagglutinin stimulated peripheral
blood lymphocytes.

The results of both techniques were similar
(figs 6 and 4, respectively). The amount of
p21 WAFI/CIPI protein increased 24 hours after
stimulation with PHA, followed by stabilisation
of the p21WAFI/CIPI protein level. On the other
hand, the percentage of S phase cells began to
increase after 24 hours of PHA stimulation,
reaching a peak at 72 hours, which was
paralleled by the expression of p53 (fig 5).
Dual colour flow cytometry analysis ofPHA

stimulated lymphocytes simultaneously la-
belled with propidium iodide and anti-p21-
FITC confirmed the increase in p21WAFlI/CPI
after PHA stimulation, as illustrated in fig 4B.
This study did not show any significant
variation of p2 1WAFI/CIPi expression between dif-
ferent phases of the cell cycle.

Discussion
This study examined p21 WAFI/CIPI expression in
relation to the expression of Ki67 and p53, in
different normal adult and fetal tissues and in
PHA stimulated PBLs.
A selective distribution of p21WAFi/CIPI was

observed, with preferential expression by the
squamous and glandular epithelium, and weak
or undetectable expression in other tissues.
One of the striking findings of this study is the
relatively low or zero level of p21WAF1CIP
expression in reactive lymphoid tissue. The
germinal centres of lymphoid follicles are the
adult topographical compartment where most
proliferating cells may be found and it would be
expected that p21WAFI/cIPi and other CDK
inhibitors would play a role as cell cycle brakes.
However, the absence of p21 WAFI/CIPI expression
suggests that the p21WAFCIP1 function of nega-
tive cell cycle control must be redundant to
other negative regulators. The tissues where
p21 WAFI/CIPI appears in selectively expressed
form also show a characteristic expression of
p53. This is a rather striking result of this work,
and has not been described before. It supports
the hypothesis that the expression ofp21WAFcIPl
in these tissues could be secondary to the role
that p53 plays in cell differentiation, as has
already been suggested.24

This dissimilar expression of p21FWAI/CIPI in
the different tissues studied should be taken
into account when studies on p2 1WAFiCIPI
expression in relation to p53 status are
performed. It could explain why some of the
studies performed to date on this topic reach
contradictory conclusions. In non-Hodgkin's
lymphoma, p2 `/cIPi expression is abolished
in cases with p53 mutations,25 26 in other tissues
it appears to be at least partially independent of
p53 status (for example, in pancreatic27 and
some colorectal cancers2"). In addition, the
restriction in p2 WAFl'CIPI and p53 expression in
some normal human tissues could contribute
to the variable frequency of p53 mutations in
tumours derived from different tissues.

In most of the tissues studied, p21WAF''cIP" is
expressed by Ki67 negative cells, suggesting
that p21WAFI/CIPI expression in normal human
tissues is restricted to cells in the Go phase. A
prototype of this situation is found in the
squamous epithelium of the tonsil, oesopha-
gus, cervix, and skin where a topographical
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alternative pattern of expression between
p21wl"l/cIPl and ki67 is observed. Ki67 expres-
sion appears to be restricted to proliferative
compartments, whereas p21W Fl'csP1 reactivity is
found in differentiating cells that have already
ceased DNA replication. These observations
are consistent with previous descriptions in
gastrointestinal tract mucosa, suggesting that
there is a topological control of p21lWAFS/ciP
expression in normal cells that becomes disor-
dered during neoplasia.20 In those organs in
which it is possible to establish a gradient of
maturation (squamous and glandular epithe-
lium), p53 appears at an earlier stage than
p2 1WAFI/CIPI
A surprising finding was the absence of

p21WAFSICIP1 expression in the majority of the
fetal tissues studied, where it was only weakly
detected in the adrenal gland and skeletal mus-
cle. This is consistent with data obtained in
mice lacking p2 lW"',PIl. which appear to
develop normally, suggesting that any essential
role for p2lWAF'/cIPi in terminal differentiation
must be redundant to other cell cycle
inhibitors.28 Recent studies on p27UP-1 deficient
mice suggest that this protein could be impor-
tant in terminal differentiation during fetal
development, as its absence leads to a syn-

drome of multiorgan hyperplasia.29 30 Unlike
p2 1WAFI/CIPI, Rb was strongly expressed in all
fetal tissues; this is in agreement with studies
showing that Rb plays a key role in controlling
the cell cycle and differentiation in embryonic
development.27 31 32

Lastly, the expression of p21WAFl'cIPl through
the cell cycle was investigated, in an attempt to
elucidate how modulation of p21WAFl/'CIP ex-

pression could explain the differences found in
p2lwAFi'cIP1 localisation in some tissues. Both
western blotting and flow cytometry studies
showed an increase of p2 l"'cI" along the
progression of the cell cycle, the intensity
found in activated lymphocytes being roughly
twice that observed in PBLs. This difference is
slightly less than that observed for p53 (1:3),
and is significantly less than that observed in
the proportion of S phase cells (1:20). Double
labelling studies have confirmed that, in
this model, activated lymphocytes exhibit
p2 lWAF1/cIP1 labelling. Although this cannot

explain the differences found in different
tissues, it suggests that the cell cycle phases in
which p2Ii"''c'p' is expressed may vary in dif-
ferent models. In this respect, it should be
emphasised that in PHA stimulated PBLs,
p21WAFIcCIPI also appears in parallel with p53.
To conclude, this study shows that in vivo

p21WAFS'CIPS expression is restricted to certain
cells and tissues (preferentially the squamous

and glandular epithelium), and that in these
tissues it appears in association with p53. Tis-
sues characterised by p53 and
p2lWAF/c/IPS expression show a mutually exclu-
sive topographical sequential expression be-

tween p2 1WAFI/cIPI and Ki67, indicating that
p21WAFI/CIPI positive cells are in the Go phase
Nevertheless, in in vitro PHA stimulated
lymphocytes, p21WAF CIPl appears to increase as

the cell cycle progresses, suggesting that the
location of p2 IWAFS/CIPS in different phases of the

cell cycle may be variable, and dependent on
microenvironmental conditions.
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