


K4001 for 34�E12 and rabbit K4003 for PSA) was used as the signal detection
system.

5-Azacytidine Treatment. LNCaP cells (0.5 � 106) were cultured in
T-medium (6) with 10% heat-inactivated fetal calf serum (FCS) for 2 days. A
final concentration of 5 �M of 5-azacytadine was added to the culture medium
from a freshly prepared 5 M stock solution in DMSO. After 5 days the cells
were harvested and RNA isolated using TRI-reagent. The RNA was DNase
treated, and RT-PCR was performed as described above using p36 primers.

Results

Identification of Loss of Annexin II (p36) mRNA in Prostate
Cancer. Using suppressive subtractive hybridization between two
microselection-derived prostate mRNAs, one from a previously un-
treated 64-year-old prostate cancer patient and the other from a
25-year-old brain-dead, cancer-free organ donor, we identified a
cDNA sequence that was absent in prostate cancer. Sequencing re-
vealed a full match with Annexin II heavy chain (p36) from nucleo-
tide position 657 to 1357 (GenBank accession no. D00017). RT-PCR
and Northern analysis using total RNA from additional six normal
prostate and seven cancer specimens confirmed that expression of p36
was significantly reduced in prostate cancer (Fig. 1, A and B).

Annexin II (p36) Protein in Normal Prostate, BPH, Prostate
Cancer, and PIN. We analyzed p36 immunohistochemically in nor-
mal and diseased prostate (Fig. 2). In peripheral (n � 10) and
transitional/central zones (n � 6) of normal prostates from organ
donors, the apical and lateral (i.e., circumferential) plasma membrane
of glandular and ductal epithelial cells showed high expression of p36.
Similarly, the basal cells also expressed p36 protein. In BPH tissue
derived from transurethral resection of prostate (n � 12), p36 was
expressed in the same cell type as normal tissue with comparable
intensity. In contrast, a loss of p36 expression in cancer cells was
observed in 31/31 randomly selected individual cancer blocks with a
Gleason score range of 3–9 (5.7 � 1.4, mean � SD), whereas adjacent

normal and hyperplastic glands in the same tissue block had positive
expression. The proportion of cancer cells in each block that had no
p36 expression was nearly 100% in 28 cases and close to 50–75% in
the other 3 cases. The Gleason score of the 3 cases was 5, 6, and 5,
respectively. One of them was the cancer case 5 in the Northern
analysis (Fig. 1B). Cytokeratin 34�E12, a marker of prostate basal
cells (7), was used to verify that the p36-positive cells were indeed
cancer cells, because they lacked a participating basal cell component.

We additionally examined the p36 expression in high-grade PIN.
Twenty-one of the 31 cancer blocks had foci of high-grade PIN at the
interface between cancer and non-neoplastic glands. Each block had 6
or 7 glands involved by high-grade PIN, making the total 130 glands
examined. There was a clear difference in p36 expression in this
morphologically indistinguishable, high-grade PIN. Of them, 65%
showed negative and 35% showed positive, apical staining whereas all
of the basal cells were positively stained. Persistent expression of
34�E12 in p36-negative PIN ruled out the possibility of cancer (Fig.
2). PSA-positive staining confirmed that p36-negative PIN was pros-
tate gland origin (data not shown).

Fig. 1. RT-PCR and Northern analyses of p36 and p11. A, RT-PCR of p36 in individual
normal prostate (1–4and 6 from cancer-free biopsy specimens; and 5 from organ donor)
and prostate cancer-derived total RNA. HPRT was used to indicate comparable RNA
loading. B, Northern analysis of p36 in individual normal prostate (1–3 from cancer-free
biopsy specimens; 4 and 5 from organ donors) and prostate cancer-derived total RNA.
Ethidium bromide-stained 18S rRNA indicates comparable RNA loading. C, RT-PCR of
p11 in individual normal prostate (same as p36) and prostate cancer-derived total RNA.
Three PCR cycles (21, 24, and 27) were used, and there was no statistically significant
difference in the intensity of PCR products between normal prostate and prostate cancer.
Depicted are products with 24 PCR cycles.

Fig. 2. p36 and p11 protein expression in prostate tissues. Depicted in each row are
consecutive sections stained with H&E (first column), p36 antibody (second column), p11
antibody (third column), and 34�E12 Ab (fourth column).A–D, glands from peripheral
zone of an organ donor (�20); E–H, BPH from transurethral resection (�20), I–L, cancer
from radical prostatectomy (�20); M–P, p36/p11 negative PIN from radical prostatec-
tomy (�40); Q–T, p36/p11 positive PIN (�40).
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Annexin II (p11) Protein in Normal Prostate, BPH, Prostate
Cancer, and PIN. Because Annexin II light chain (p11) is always in
complex with p36, the absence of p36 expression in prostate cancer
and in 65% of PIN prompted us to examine p11 expression immu-
nohistochemically (Fig. 2). In normal and BPH, p11 was expressed in
the same cell type as p36. Prostate cancer cells had also lost p11
expression. The small fraction of p36-positive cancer cells in three
cases also expressed p11. However, we noticed in a few cancer cells
that weak p11 expression was present, whereas p36 was lost. p36-
negative or -positive PIN remained negative or positive for p11.
Interestingly, despite the absence of p11 protein in prostate cancer,
p11 mRNA levels remained unchanged when compared with normal
prostate (Fig. 1C).

Association of Hypermethylation with Silencing of Annexin II
(p36) Gene Expression. To address the question of whether the
decrease in p36 mRNA level is a result of a homozygous deletion in
p36 coding regions in cancer DNA, Southern analysis with three
different endonucleases was conducted using p36 open reading frame
sequence as the probe on genomic DNA from paired cancer tissue and
blood leukocyte of the same patients (n � 8). We found no difference
between cancer and blood DNA (data not shown). To establish if the
p36 gene has a CpG island spanning the promoter region and could
therefore be susceptible to hypermethylation, we used the full-length
p36 cDNA sequence to search for p36 genomic DNA sequences from
a high throughput genomic DNA database and obtained a sequence
from clone AC019146. Analysis of the upstream region of the gene
has shown a CpG island spanning the promoter, first exon, and intron
of the gene (Fig. 3). To determine whether methylation is associated
with Annexin II silencing in prostate cancer, we treated prostate
cancer LNCaP cells, which do not express p36, with 5-azacytidine
(Fig. 4). p36 is expressed in normal prostate, blood, and DU145
prostate cancer cells but is silent in prostate cancer and LNCaP cells.
Annexin II expression was reactivated in LNCaP cells after 5-azacy-
tidine treatment suggesting that methylation is associated with An-
nexin II silencing in prostate cancer.

Discussion

Annexin II can be found in vivo as p36, p36p11, and p362p112, and
is involved in endocytosis, exocytosis, and membrane trafficking (8).
p36 belongs to a family of calcium- and lipid-binding proteins and is
a substrate for receptor and nonreceptor protein kinases (9, 10).
Recently, membrane p36 has been shown to mediate steroid rapid
action (11). p11 is a small calcium binding protein and shares se-
quence homologies with the S-100 family (12). Overexpression of p36
increases p11 protein level with no change in its mRNA levels (13),
suggesting that p36 has a post-translational stabilizing effect on p11
protein. Thus, it is possible that the lack of p36 in prostate cancer
gives rise to substantial degradation of p11 so that the rate of trans-

lation from p11 mRNA fails to compensate. The observation that
negative p36 expression coexists with a weak expression of p11 in a
small number of cancer cells may represent the early stage of p11
degradation. As the loss of p36 and subsequently p11 in prostate
cancer obligates all forms and functions of Annexin II, it is difficult
to know which function of Annexin II is related to prostate carcino-
genesis. However, the importance of calcium, the key element for
Annexin II to function, is well appreciated in programmed cell death
in the prostate (14, 15). The distinctive expression pattern of Annexin
II among BPH, PIN, and cancer indicates that the loss of Annexin II
is specific for prostate cancer. The loss of expression in 31/31 indi-
vidual prostate cancer blocks regardless of the Gleason score and 65%
of high-grade PIN suggests that Annexin II is involved in an early
stage or common pathway of prostate carcinogenesis. Recently, An-
nexin I has been found to be absent in prostate cancer and PIN by
Western blot and immunohistochemistry (16), and Annexin VII can
suppress proliferation of prostate cancer cells and is significantly
reduced in metastatic and recurrent prostate cancer (17). Thus, An-
nexin could represent a previously unrecognized mechanism involved
in prostate cancer. The clinical implication of residual Annexin II-
positive cancer cells in three cases will be closely followed up.

To address the question of whether the �50% decrease in p36
mRNA level is a result of a homozygous deletion in the p36 coding
region in cancer DNA, we conducted Southern analysis on genomic
DNA from paired cancer tissue and blood leukocyte. Because our
prostate cancer cases are sporadic, a somatic homozygous deletion in
the p36 coding region in the cancer DNA should be revealed by
comparing it with the paired blood DNA. Any point mutations or
small deletions within the coding region of the p36 gene, which
Southern analysis may not be able to detect, should not cause such a
substantial decrease in p36 mRNA levels. We found no difference
thus far between cancer and blood DNA, suggesting that the decrease
in p36 mRNA level is likely attributable to alterations affecting the
expression or processing of mRNA. Because DNA hypermethylation
is commonly associated with silencing of tumor-related genes (1–3),
a preliminary study was conducted to examine the possible associa-
tion of methylation with Annexin II silencing in prostate cancer. The
finding that the p36 gene does have a CpG island in the promoter
region and in the first exon and, more importantly, that p36 expression
could be reactivated by treatment of prostate cancer LNCaP cells with
a demethylation agent indicates that hypermethylation could be re-
sponsible for silencing of the p36 gene in vivo. However, because
5-azacytidine can also affect Sp1 transcriptional activity (18), addi-
tional study by bisulphite sequencing of normal and cancerous pros-
tate-derived DNA is needed to verify and identify methylation sites
that distinguish cancer cells from normal cells. Although p36-positive
cancer cells of case 5 was demonstrated by both Northern analysis and
immunohistochemistry, it remains to be seen whether additional
mechanisms besides mRNA transcription are involved in the down-
regulation of the p36 protein, considering the fact that 28 of 31 cases
had no p36 protein, whereas one of five cases showed unchanged p36
mRNA.

This study also provides evidence that high-grade PIN is not
biochemically homogenous. It is known that not all PIN will progress
to cancer (19); however, the lack of a progression-associated “marker”
has prevented pathologists from stratifying the morphologically un-

Fig. 3. CpG map of p36 gene. Vertical lines above bar indicate the relative position of the CpG sites. Nucleotide position below the bar is based on the sequence from GenBank
(Accession no. AC019146). The orientation of genomic DNA is reverse complimentary to p36 cDNA.

Fig. 4. 5-Azacytine reactivation of p36 gene expression in LNCaP cells. RT-PCR was
used to determine p36 expression using RNA isolated from (1) prostate cancer, (2) normal
prostate, (3) blood, (4) DU145 cells, and (5) LNCaP cells treated with and (6) without 5
azacytidine.
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distinguishable PIN. Although additional studies are required to cor-
relate the p36-negative and -positive PIN with the incidence of cancer
and prognosis, the fact that the vast majority of cancer cells show
negative expression for p36 suggests that the p36-negative PIN is the
true precursor of cancer. We speculate that p36-positive PIN cannot
progress to cancer without loss of p36 expression first. However,
because we have encountered three cases containing a small fraction
of p36-positive cancer cells, it remains a possibility that p36-positive
PIN can develop directly to p36-positive cancer.

A differential diagnosis among well-differentiated cancer, PIN, and
non-neoplastic lesion is often required for needle-core biopsy, in
particular when the number of glands is insufficient and/or the quality
of a specimen is unsatisfactory (20). Currently, 34�E12 is the “gold
standard” by highlighting the absence of basal cells in infiltrating
cancer. However, it is problematic to additionally differentiate PIN
from non-neoplastic glands because basal cells are present in both.
The unique expression pattern of Annexin II-negative PIN, absent in
glandular epithelial but present in basal cell, is in contrast to benign
hyperplasia in which Annexin II is expressed in both cells and to the
vast majority of cancer cells in which Annexin II expression is
abolished and basal cells are no longer attached. Thus, identification
of Annexin II provides a potential diagnostic marker for needle-core
biopsy specimens.
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Announcements

MEETING OF THE RADIATION RESEARCH SOCIETY

The annual meeting of the Radiation Research Socie
ty will be held at the State University of Iowa, Iowa
City, on June 22â€”24,1953. The Society will be the guest
of the University, and all meetings will be held on the
campus. The program will consist of: (1) Two symposia,
one on â€œTheEffects of Rwliation on Aqueous Solu
tions,â€• which includes the following speakers: E. S. G.
Barren, Edwin J. Hart, Warren Garrison, J. L. Magee,
and A. 0. Allen. The second is â€œPhysicalMeasurements
for Radiobiologyâ€•and companion talks by Ugo Fano,
Burton J. Moyer, G. Failla, L. D. Marinelli, and Payne

The following correction should be made in the arti
cle by Beck and Valentine, â€œTheAerobic Carbohydrate
Metabolism of Leukocytes in Health and Leukemia. I.
Glycolysis and Respiration,â€• November, 1952, page 821;
substitute for the last paragraph:

The data in Table 3 permit several interesting calcu
lations. If one compares the amount of glucose actually

disappearing with the sum of the amount equivalent to
lactic acid produced plus that equivalent to 02 con

sumption, it is seen that the amount of glucose â€œcleav
age productsâ€•exceeds the amount of glucose utilized b
12 per cent in N and 27 per cent in CML and is exceeded

S. Harris. (2) On Monday night, June 22, a lecture by
Dr. L. W. Alvarez on meson physics has been tentative
ly scheduled. On Tuesday night, June 23, Dr. L. H.
Gray of the Hammersmith Hospital, London, will speak
on a topic to be announced. Dr. Gray's lecture is spon
sored by the Iowa Branch of the American Cancer Soci
ety. Those desiring to report original research in radia
tion effects, or interested in attending or desiring addi
tional information, please contact the Secretary of the
Society, Dr. A. Edelmann, Biology Department, Brook
haven National Laboratory, Upton, L.I., New York.

by the glucose utilized by 16 per cent in CLL. If the as
sumption is made that, in this respect, the myeloid and
lymphoid celLsof leukemia are similar to those of nor
ma! blood, it may be that the computed normal figure
represents a summation of the myeloid (M) and
lymphoid (L) cells that make up the normal leukocyte
population. Thus, if M = +0.27 and L = â€”0.16 and
the normal differential is 65 per cent M and So per cent
L, then

0.65 (+0.27) + 0.35 (â€”0.16) = +0.12

a figure identical to the observed +0.12 for normal
leukocytes.

ERRATUM
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