British Journal of Cancer (1999) 81(8), 1426-1428
© 1999 Cancer Research Campaign
Article no. bjoc.1999.0862

Letters to the Editor

Mammographic compression: a force to be
reckoned with

Sir, analysis of the Swedish mammography programme (Sjonell and
Thornton and Baum (1999) advocate the establishment of Stahle, 1999). At the 10-year review of a programme involving
Citizen's Jury to provide an open and enlightened forum forover 600 000 participants, no significant mortality reduction in
discussing the introduction of a mammography screeningvomen 50-69 was observed. In theory, one would expect that the
programme. Yet one essential witness to their jury appears to wemoval of in situ and other early stage carcinomas in a significant
missing — an investigator who looks at this potentially painful androportion of women would reduce mortality from this disease —
injurious procedure from a biological perspective. unless, simultaneously, this compressive procedure could alter the
Pain is a physiological warning sign for injury. In response tonature of this disease by enhancing its spread and increasing its
injury, serum or wound fluid is formed to stimulate tissue repair. Ifrate of growth. Women who experience intense pain during this
the wound is sterile, immune cytotoxic responses are not requirgetocedure may be most at risk and alternatives to compressive
and only cellular regeneration is necessary. Thus, the mitogengcreening are needed. We predict that such a screening programme
properties of serum make it an excellent growth medium fowill have a significant effect on mortality reduction. Furthermore,
tumour cells. However, serum-stimulated tumour cell growth ismodern epidemiological studies examining the association
not simply an in vitro phenomenon, but occurs in vivo as well — abetween injury and subsequent malignant progression are required
demonstrated in a recent article in this journal (Abramovitch et alto elucidate how trauma may act as a co-carcinogen.
1999). The investigators examined the effect of injected wound
fluid on the growth and vascularization of implanted tumourjp van Netten,’? SA Cann'? and DW Glover!
spheroids in nude mice. They found that wound fluid from sites ofSpecial Development Laboratory, Royal Jubilee Hospital,
injury was directly mitogenic to tumour cells and led to acceler-Capital Health Region, Victoria, BC, VSR 1J8, Canada;
ated tumour growth, and that such fluid may trigger ‘the angio2Department of Biology, University of Victoria, Victoria,
genic switch of avascular, dormant microtumours’. In humans, aBC V8W 3N5, Canada
association between physical injury and the subsequent develop-
ment/progression of breast and other cancers has long begPrerences
suspected (Coley, 1911).
We are concerned that the potential compressive injury resultingoramovitch R, Marikovsky M, Meir G and Neeman M (1999) Stimulation of
from mammography could augment the growth dynamics of tumour growth 'by wound-derivgd growthlfactoBsJ Cancer 79: 1392-1398
dormant or slow growing tumours (van Netten et al, 1994). ThER® 16 (DI Iy ses covsae e neamwm s« osks
‘discomfort’ induced by mammographic compression is not trivial - enough: why some women do not continue to participate in a breast cancer
(Poulos and Rickard, 1997), nor is the more vigorous compressive screening programma.Z Med J 111: 180-183
follow-up performed on women with suspicious mammogram§0U|0§ A and Rickard M (1997) Compression mammography and the perception of
(van Netten et al, 1997). Bruising is not an uncommon result oqthorgt'zio:g‘;r;fg‘;;’:m’f‘fgg’é;;éﬁ?giiﬁammo . .
. . . graphic screening programme
this procedure (Elwood et al, 1998). Investigators should consider " ., ihe warning: screening can damage your heAitiTancer 79:
that the physical pain and injury are more than just deterrents to 91-692
further screening. During compression (up to 200 N or 45 Ibs), th&jonell G and Stahle L (1999) Mammographic screening does not reduce breast
less dense fatty tissue will easily redistribute, however, this leaves cancer mortalityLakartidningen 96: 904-905, 908-913

the brunt of compressive force on the denser tumour tissue van Netten JP, Mogentale T, Ashwood-Smith MJ, Fletcher C and Coy P (1994)
p i Physical trauma and breast canéencer 343: 978-979

Thus a procedure, which has both potential for benefit angan netten JP, Cann SA and Hall JG (1997) Mammography controversies: time for
harm, may explain the negative findings of the recently published informed consent? Natl Cancer Inst 89: 1164-1165

Mammographic compression: a force to be
reckoned with—reply

Sir, to exercise their citizenship, recognize their accountability both to
Those who organize a Citizens’ Jury have considerable power artde sponsors and the public. They must be open and fair in all the
responsibility. Not only are they required to select the witnesseaspects listed above. Consideration of selection of witnesses, both
but they have to brief the jury, organize the presentation of ththose who volunteer and those to be invited, must allow for as
information, moderate on the proceedings and report on the findvide and balanced a spectrum of considerations as possible so that
ings. a representative cross-section of opinion is provided. This presen-

It is thus important that organizers commissioned to arrange thisition of evidence then offers some chance of a fair verdict being
democratic way of examining important questions enabling peopldecided by 12 (or more!) good men and true.
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We are therefore pleased that our suggestion has resulted in the
first volunteer. Our list of witnesses was not intended to be exhaus-
tive, final or complete: only to stimulate consideration of this
democratic method and elicit constructive suggestions.

H Thornton and M Baum

Prognostic value of cathepsin D in breast cancer

Sir potential and poor prognosis (Stetler Stevenson et al, 1996; Duffy
A recent publication in this journal demonstrated, that cathepsin Bt al, 1998). Invasive cells form specialized membrane protru-
was an independent marker of poor prognosis in 2810 breastons, called invadopodia, that actively degrade the surrounding
cancer patients (Foekens et al, 1999). A covering editorial rosSECM (Kelly et al, 1994). MMPs are structurally and functionally
guestions on the still unexplained biological role of cathepsin D idinked with invadopodia (Chen, 1996; Nakahara et al, 1997). To
breast cancer (Westley et al, 1999). Cathepsin D levels correlatedir knowledge there are no reports on cathepsin activity in
with increasing invasiveness and high metastatic potential afonnection to invadopodia so far.
tumour cells in breast cancer. Breast cancer cells were found to Instead, considerable evidence points to an important role for
secrete cathepsin D into the cell culture medium. Thus, it i€athepsins as proteolytic enzymes in the lysosomal system.
commonly hypothesized, that cathepsin D might be involved in thénvasive breast cancer cells were able to ingest considerable
extracellular breakdown of the tumour stroma in vivo andamounts of extracellular material in large acid phagosomes (pH <
contribute to tumour dissemination. This hypothesis needd). The presence of these phagosomes coincided with an increase
comment and should be modified in view of recent findings. Highability of these cells to migrate through matrigel, and with high
cathepsin D levels are not only present in breast cancer samplesthepsin D levels (Montcourrier et al, 1990, 1994). Recent data
but have been described for a multitude of other tumour entitiesupport these observations, indicating that MMPs were respon-
such as laryngeal cancer, cancers of the head and neck, ovariihle for the partial degradation of a cross-linked gelatine matrix.
cancer, endometrial cancer, bladder cancer, or in malignarthe gelatin fragments were taken up by phagocytosis and destinec
glioma. In these reports, high cathepsin D levels were usually also lysosomes for further degradation. This phagocytic capacity of
considered as a sign of a poor prognosis. High levels of other lystreast cancer cells was directly linked to their invasiveness
somal cathepsins B, H and L have been detected in a variety ¢€oopman et al, 1998).
different cancers including breast cancer, as well (Recklies et al, Further observations strengthen the concept of an active lyso-
1980). These observations clearly indicate that a highly activeomal digestive system and hence high cathepsin D levels in
lysosomal system is characteristic of cancer tissue. malignant tumours. Tumours have been termed nitrogen traps.
Lysosomes are involved in the degradation of extracellulaDuring tumour cell proliferation extensive amounts of nitrogenous
material ingested by endocytosis. Cathepsins are intralysosomakybstrates are required to provide material for cell duplication
active at pH 3-5 and loose most activity at a neutral pH (Bohley dnew tumour proteins, DNA, RNA ...). Free amino acid concen-
al, 1992). Although cathepsin D might be secreted by cancer cellgations in blood are low, leaving only plasma proteins (mostly
there is no evidence available that the secreted enzyme is activedipbumin) as the major external source for additional nitrogen,
involved in the extracellular degradation of the extracellulamecessary during tumour proliferation (Stehle et al, 1997). And
matrix (ECM) at the neutral or slightly acidic pH in tumour tissuesindeed, there are reports confirming albumin accumulation and
in vivo. In cell culture, extracellular degradation of ECM mediateddegradation in tumours (Sinn et al, 1990; Andersson et al, 1991,
by cathepsin D was only achieved after lowering the pH to 4.5 iWunder et al, 1997). In sarcoma-bearing mice the intralysosomal
the cell culture media, but not at pH 7.4 (Briozzo et al, 1988)accumulation of residualizingly radiolabelled albumin was three-
When invasiveness of breast cancer cells was studied in tHeld higher in tumour tissue compared to liver tissue. Accounting
Boyden chamber, the secretion of cathepsin D even correlatddr the entire tumour the proteolytic capacity for albumin break-
inversely with the aggressive behaviour of the cancer cellsown exceeded that of the healthy liver by a factor of five
(Johnson et al, 1993). To our knowledge extracellular acidi¢Andersson et al, 1991). Interestingly, cathepsin D is closely
compartments containing proteases of lysosomal origin involveéhvolved in the lysosomal catabolism of albumin (Mego, 1984). A
in a break-down of ECM, have not been found in tumour tissues.considerably increased intracellular aloumin content was found in
In contrast, there are a variety of other formidable proteasesn immunohistological study of breast cancer tissue (Vercelli Retta
available, which are responsible for extracellular proteolysis of thet al, 1987). High plasma protein (albumin) accumulation was also
ECM (recently reviewed by Price et al, 1997). All of these aredetected in homogenized tumour tissue from mastectomy speci-
active at a neutral pH, and highly regulated by their respectivenens. A significant correlation between high plasma protein
inhibitors. These proteases belong to the plasminogen activatopntent in the samples and poor prognosis in breast cancer patient:
(PA) or to the matrix metalloproteinase (MMP) superfamilies.was established (Soreide et al, 199199D).
Increased expression of PA and MMPs in a variety of tumours, ECM fragments and plasma proteins have been identified as
including breast cancer, are associated with a high metastatsubstrates for lysosomal cathepsins. Tumour cell apoptosis might
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provide further material doomed for lysosomal digestion. Tumouruffy MJ and McCarthy K (1998) Matrix metalloproteinases in cancer: prognostic
have a high rate of cell turnover, and e.g. the cell loss was estab- Markers and targets for therapy (revielw)./ Oncol 12: 1343-1348

lished as high as 96% (Refsum et al, 1967). Remnants of apoptoﬁc
cells might be recognized and rapidly phagocytosed by neigh-

oekens JA, Look MP, Bolt-de Vries J, Meijer-van Gelder ME, van Putten WLJ and
Klijn IGM (1999) Cathepsin-D in primary breast cancer: prognostic evaluation
involving 2810 patientsBr J Cancer 79: 300-307

bouring cells in the tissue (Collins et al, 1993). A high apoptoticiohnson MD, Torri JA, Lippman ME and Dickson RB (1993) The role of cathepsin
index in breast cancer cells was associated with a high mitotic rate, D inthe invasiveness of human breast cancer @&liser Res 53: 873-877

tumour necrosis, dense stromal lymphocyte infiltration, lack of¢

elly T, Mueller SC, Yeh Y and Chen WT (1994) Invadopodia promote proteolysis
of a wide variety of extracellular matrix proteidsCell Physiol 158: 299—-308

tubule formation, lack of sex steroid receptor expression, a h|gnpponen P, Aaltomaa S, Kosma VM and Syrjanen K (1994) Apoptosis in breast

grade tumour and with a short recurrence free survival (Lipponen
et al, 1994). In addition, macrophages might also be involved in

cancer as related to histopathological characteristics and prognosis.
Cancer 30: 2068—2073

the phagocytosis of apoptotic cells (Savill etal, 1993). The role Obfflego JL (1984) Role of thiols, pH and cathepsin D in the lysosomal catabolism of

serum albuminBiochem J 218: 775-783

macrqphages, leucocytes, flbroblast or of nelgh.bounng tumoqulontcourrier P, Mangeat PH, Salazar G, Morisset M, Sahuquet A and Rochefort H
cells in the clearance and degradation of apoptotic cell remnants (1990) Cathepsin D in breast cancer cells can digest extracellular matrix in

still remain to be further clarified. Interestingly, high cathepsin D

large acidic vesicle€ancer Res 50: 6045-6054

levels also coincide with all of these cell types present in breadfontcourrier P, Mangeat PH, Valembois C, Salazar G, Sahuquet A, Duperray C and

cancer tissue.

Rochefort H (1994) Characterization of very acidic phagosomes in breast
cancer cells and their association with invasib@ell Sci 107: 2381-2391

Based on these observations, we conclude that the biomgicﬂ.l:lkahara H, Howard L, Thompson EW, Sato H, Seiki M, Yeh Y and Chen WT

role of cathepsin D is mostly confined to the lysosomal system.
High cathepsin D levels in tumour tissues reflect high lysosomal
turnover. This turnover is likely to be caused by an increased
uptake and digestion of ECM fragments, of plasma proteins, an

(1997) Transmembrane/cytoplasmic domain-mediated membrane type 1-matrix

metalloprotease docking to invadopodia is required for cell invaBion.Nat!

Acad Sci USA 94: 7959-7964

F(’fice JT, Bonovich MT and Kohn EC (1997) The biochemistry of cancer
disseminationCrit Rev Biochem Mol Biol 32: 175253

of cellular debris (remnants of apoptotic cells?) mostly by proliferreckiies AD, Tiltman KJ, Stoker TA and Poole AR (1980) Secretion of proteinases
ating cancer cells. The ingested and degraded materials might from malignant and nonmalignant human breast tisSuecer Res 40:

serve as tumour cell nutrients. A positive correlation of cathepsin
D with tumour malignancy or metastatic potential is obvious. It is

550-556
Refsum SB and Berdal P (1967) Cell loss in malignant tumours infnad.
Cancer 3. 235—-236

evident, that further research is needed to inveStigate the role of tggvill J, Fadok V, Henson P and Haslett C (1993) Phagocyte recognition of cells

lysosomal system during tumour cell proliferation.

G Stehle!, A Wunder®, G Hartung?, H Sinn’® and DL Heene'

'I. Medical Clinic and *Il Medical Clinic, University Clinic
Mannheim, University of Heidelberg, D-68135 Mannheim,
Germany; Department of Radiochemistry and
Radiopharmacology E 0300, German Cancer Research Center,
69120 Heidelberg, Germany.
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