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Immunohistochemistry ofhuman atherosclerotic ar-
teries demonstrates expression of the intercellular
adhesion molecule-I (ICAM-1) on endothelial cells,
macrophages, and smooth muscle cells of the
plaques. Normal arterial endothelial cells and inti-
mal smooth muscle outside plaques give weaker or
negative reactions; these differfrom the strong endo-
thelial expression in small vessels. Quantitative
color-image analysis of the endothelial layer shows
increased expression of ICAM-1 in all subtypes of
atherosclerotic lesions, exceptfibrous plaques. Endo-
thelial expression ofICAM-1 may be involved in the
recruitment of monocytes to the lesion as suggested
by its role in the entry of leukocytes, including
monocytes, intofoci ofinflammation. Collaboration
with other mechanisms, particularly chemoattrac-
tantfactors, may be importantfor this effect. ICAM-J
enhanced monocyte recruitment is a potential mech-
anism for the growth of an atherosclerotic plaque.
(AmJPathol 1992, 140:665-673)

Despite the universal occurrence of atherosclerosis in the
Western world, the pathogenesis of disease remains in-
completely understood. Virchow was the first to suggest
that it is a modified form of chronic inflammation induced
by lipid, and many have followed in this path.1-5

The active stages of the lesion of atherosclerosis are
characterized by the extensive infiltration of blood-
derived macrophages through the endothelium into the
arterial intima.7 By contrast, non-atheromatous areas
contain little or no macrophage infiltrate.

Research has shown that endothelial cells can be in-
duced to express adhesion molecules that facilitate the
binding of leukocytes in vitro.' Increased expression of
these molecules on vessels in sites of inflammation sug-
gest that they have a role in the transendothelial passage
of leukocytes in vivo." I

The intercellular adhesion molecule 1 (ICAM-1) is ex-
pressed on the endothelium and promotes the adhesion
of monocytes, neutrophils, and lymphocytes.9'12'14'15
Similarly the vascular cell adhesion molecule (VCAM-1)
binds monocytes and T lymphocytes,13 whereas the en-
dothelial leukocyte adhesion molecule 1 (ELAM-1) en-
hances polymorph, monocyte, and T-lymphocyte inter-
actions.9 14'15 ICAM-1 interacts with leukocytes princi-
pally by binding to the surface membrane beta-2 integrin
molecule, LFA-i 12 but also by binding another beta-2
integrin, MAC-.16A second endothelial adhesion mole-
cule, named ICAM-2, exists which binds LFA-1, but its
expression appears to be constant and not regulated.17
A 140 kD granule membrane protein (GMP140) is
present in endothelial cells and platelets that can bind
neutrophils and monocytes. This molecule is rapidly
translocated to the surface membrane on cell activa-
tion.10,18

Adhesion molecule expression is induced in vitro by
the action of cytokines on endothelial cells. A basal level
of ICAM-1 expression exists on resting small vessels;
however, ELAM-1 and VCAM-1 are normally absent. In-
terleukin 1 IL-1 and tumor necrosis factor TNF induce
ICAM-1, VCAM-1, and ELAM-1, whereas interferon
gamma (IFN-g) induces ICAM-1 alone.8,9.13,14 In vivo,
these cytokines may be produced by several cell types;
in chronic inflammation activated macrophages are likely
to be an important source of IL-1 and TNF.19'20 T lym-
phocytes produce IFN-g, together with IL4 and other cy-
tokines which modulate the effects of the IFN-g.21'22 Re-
cently IL-1 mRNA and TNF protein have been detected in
macrophages and smooth muscle cells of atherosclerot-
ic plaques.2425

In view of the importance of transendothelial mono-
cyte entry to the genesis of an atherosclerotic plaque, the
expression of adhesion molecules in the cells of the en-
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dothelial layer is a matter of great interest. Recently a
molecule resembling VCAM-1 has been found in the en-
dothelium of rabbit atherosclerotic plaques.23 There is no
information on other adhesion molecules. We report on
the distribution of ICAM-1 in human atherosclerosis and
compare it with the normal artery.

Materials and Methods
Monoclonal antibodies (MCA) were raised against cyto-
kine- stimulated human endothelial vein monolayers,26
and selected for specific reactivity against stimulated
cells. Two clones of mouse IgG1 class were produced,
designated 6.5B526 and 8.4A6. Both were shown to be
specific for reaction with ICAM-1 by studies on L-cell
transfectants. An additional IgG1 anti-lCAM-1 clone,
84H10, was obtained from Immunotech, Marseille,
France. In our previous immunohistochemical studies,
the 6.5B5 antibody gave staining in most small vessels of
tonsil and skin, whereas inflamed skin showed increased
reactivity,11 in keeping with previous reports.8'9 All anti-
bodies and conjugates were titrated to determine the op-
timal concentrations for use. The concentration of mouse
immunoglobulin in the monoclonal antibody containing
culture supernatants was determined by a sandwich
ELISA assay with plates coated with rabbit anti-mouse
immunoglobulin 10 ,ug/ml (Dako). The samples were in-
cubated diluted 1/10-1/100 for 2 hours, and the reaction
developed with peroxidase conjugated rabbit anti-
mouse Ig 1/200 (Dako), followed by o-phenylenediamine
dihydrochloride 0.3 mg/ml (Sigma) and hydrogen perox-
ide as substrates. The plates were read in a MR700
ELISA reader (Dynatech) at 490 nM. A standard curve
was produced by dilutions of the IgG1 mouse myeloma
MOPC21 (Sigma).

Thirteen aortic and 15 coronary artery specimens
were obtained from 21 cadavers undergoing postmor-
tem examination at Guy's Hospital. The time interval from
death to the obtaining of the specimens ranged up to 3
days; previous studies have shown good preservation of
cell antigens to that time.27 The subjects were of both
sexes (age 49-93 yr) and 12 patients had died from ath-
erosclerosis and its complications. In addition, six spec-
imens were obtained from the aorta and femoral arteries
of patients who had surgery for aneurysmal or occlusive
atherosclerosis. Segments of the left anterior descending
coronary artery and pieces of the other arteries were re-
moved and snapfrozen. The cadaveric blocks (the main
study) contained a total of 46 atherosclerotic lesions that
were suitable for analysis. A further similar series was
used for the doublestaining experiments. In all cases,
care was taken with the handling of the arteries so as to
minimize the disruption of the fragile endothelial layer.
Serial cryostat sections (5 ,m) were cut onto silane-
coated slides,28 fixed in acetone and stored at -70°.

They were stained immunohistochemically by the indirect
and avidin-biotin complex (ABC) immunoperoxidase
techniques, with diaminobenzidine as chromagen. All re-
agents were from Dako Ltd. (High Wycombe, UK) unless
stated otherwise. With the ABC technique, either whole
IgG or F(ab')2 fragments were used as the biotinylated
anti-mouse Ig antibodies in the second layer, with the
same results. On staining, care was taken to avoid the
drying of sections. With these precautions, artifactual
staining of section edges (particularly endothelium) was
minimized. All sections of the series were stained to-
gether in a single experiment for each antibody tested.

The cells of the lesions were characterized in sequen-
tial sections by the use of the following antibodies:
- EBM11 (pan-macrophage), HHF35 (muscle actin),"9
UCHT1 (CD3, anti-T lymphocyte), To'15 (CD22, anti-B
lymphocyte) and rabbit anti-von Willebrand factor (vWF)
(endothelial cells). Inflamed tonsil was used as a positive
control in all experiments, and as a negative control, all
sections were stained with 2 F±g/ml of MOPC21 (Sigma),
which lacks relevant antigenic specificity.

To confirm the specificity of staining to cell types, dou-
ble immunoenzyme reactions were carried out. The cell-
marking antibodies used were HAM56 (a mouse IgM
class pan-macrophage antibody6), 1 A4 (a mouse IgG2a
class antibody to smooth muscle alpha actin, Sigma,
Poole, UK), and rabbit anti vWF. Biotinylated anti-mouse
IgG1 (Seralab, Crawley Down, Sussex, UK) and ABC-
peroxidase were used to stain 6.5B5 or 84H10 brown.
These were combined with alkaline phosphatase conju-
gated anti-mouse IgM (Sigma), anti-mouse IgG2a (Se-
ralab), or swine anti-rabbit Ig followed by BCIP/ nitro-blue
tetrazolium (Sigma)30 to give a deep blue reaction with
the cell markers. This method allowed for the dehydration
and permanent mounting of the slides. All conjugates
were absorbed with human liver powder and human se-
rum to reduce background staining. Double-stained cells
showed mixtures of blue and brown tones. For the opti-
mal demonstration of double staining, the cell-marking
antibodies were used at submaximal concentrations so
that the dense blue alkaline phosphatase reaction prod-
uct did not obscure the brown produced by the ICAM-1
reaction.

The lesions were classified into subtypes, on the basis
of morphology and the reactions of the cell-specific anti-
bodies: fatty streaks (16); intermediate lesions (a stage
between fatty streaks and fibro-fatty plaques found in the
aorta)31 (5); fibro-fatty plaques (16); complicated, ad-
vanced lesions (2); fibrous plaques (7). Nonlesional ar-
eas of the arterial intimas without eccentric thickening or
significant macrophage infiltrates served as controls.

ICAM-1 staining in the endothelial region of the arter-
ies was analyzed quantitatively by use of a color image
analyzer (Sight Systems, Newbury, Berks; software by
Foster-Findlay Associates, Newcastle on Tyne, UK). This
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could detect the peroxidase reaction product by mea-
surement of pixels in terms of hue, saturation, and inten-
sity (HSI) values (Figure 5). By this method the percent-
age of a defined area that was stained could be mea-
sured.32 The thresholds were adjusted so that all but the
weakest staining was detected. The arterial image to be
measured was displayed on a color monitor, using the
microscope X40 objective. Staining of the innermost in-
tima was measured by setting the area for analysis as a
strip of 10 pixel (4.5 micron) width, which approximated
to the average endothelial thickness in the section. This
strip was traced manually along the intimal edge of the
arterial image. To aid the sampling of lesions, color print
montages were made from low-power photomicro-
graphs of the specimens; lesions were identified, and
areas with intact endothelia as determined by staining for
vWF were marked out. Between one and six measure-
ments were made in such areas from each lesion so that
the majority of the intact endothelium of the lesions was
measured. Nonlesional areas were similarly identified
and measured.

Results

Characterization of the Lesions

The macrophage, as visualized by EBM1 1 staining, was
the most useful cell type for the characterization of le-
sions, as large numbers were present in all lesion types,
except fibrous plaques. Few macrophages were present
outside lesions. The actin antibody HHF35 stained the
smooth muscle cells of plaques and thickened intima.
The endothelium was identified by intense staining with
anti-vWF; artifactual loss was noted in some specimens.
T lymphocytes, as detected by UCHT1, were present in
most lesions, with the greatest numbers in fatty streaks.
No B lymphocytes were seen. These reactions, together
with cell morphology, and double staining, provided the
means of recognizing the cell types present in the serially
cut ICAM-1 stained slides.

ICAM-1 Expression

Normal or diffusely thickened arteries showed little stain-
ing in the intima or media (Figure 1 A, B). Occasionally
weak or patchy reactions were seen in the endothelial
cells, and the medial muscle sometimes stained weakly.
Small vessels in the adventitia were strongly positive, re-
sembling those in control tonsils. Thus the level of ICAM-1
expression within these arteries was much lower than in
small vessels.

In the plaques, however, there was a massive in-
crease in reactivity for ICAM-1 (Figure 1 C, D, E). Macro-

phages were well stained (Figure 1 D), and intimal smooth
muscle cells, particularly near macrophages and in the
subendothelial region, were also strongly reactive. Stain-
ing of medial smooth muscle adjacent to plaques was
occasionally seen. ICAM-1 reactivity was demonstrated
by both the indirect and ABC techniques although the
intensity of reaction was greater with the latter. All three
anti-lCAM-1 antibodies gave similar results, but 6.5B5
gave the most intense staining and a low background.

The intimal cells of plaques adjacent to the lumen of-
ten had their intensity of reaction for ICAM-1 much in-
creased above that of the normal artery (Figures 1 E, 2A,
5). Caution is required in interpreting such cells as endo-
thelial cells since artifactual loss of the endothelium can
occur. However, the specificity of the reaction to endo-
thelial cells was confirmed by double staining for ICAM-1
and vWF. Figure 2A shows the endothelium with individ-
ual cells of normal appearance staining for both ICAM-1
and vWF; this endothelium lay at the border (shoulder)
region of a plaque, a region often showing the maximum
ICAM-1 expression. Figure 2B shows the well-
demarcated staining with vWF of an endothelium over a
plaque, which was used to confirm the endothelial integ-
rity of the region seen in Figure 5. Although some weaker
vWF staining is present in the subendothelial matrix, the
endothelial layer is clearly defined.

In some lesions, however, there was strong reactivity
in the region of the endothelial layer that did not corre-
spond with the normal morphology of endothelial cells.
Spindle-shaped cells lying parallel to the endothelial sur-
face were frequent, and some of these cells were mac-
rophages, as shown by EBM1 1 staining (Figure 4).

Smooth muscle cell staining by ICAM-1 was con-
firmed by double staining with 1A4 anti-actin and 84H10
anti-ICAM-1 (Figure 3).

ICAM-1 reactivity in nonmacrophage cells was also
demonstrated by double staining with 84H10 combined
with HAM56 anti-macrophage antibody, when cells of
smooth muscle morphology were stained with 84H10,
but were clearly distinguished from macrophages
strongly reactive with HAM56 (not shown).

Staining of the surgical specimens showed similar
ICAM-1 expression to the autopsy-derived material de-
scribed earlier, and did not show any superiority in gen-
eral morphology.

Quantitative image analysis (Figures 5, 6) was per-
formed on the innermost layer of cells in areas with the
endothelium intact as indicated by vWF staining (Materi-
als and Methods). The image analysis demonstrated that
positive staining for ICAM-1 in these innermost cells was
found in increased frequency and intensity in all athero-
sclerosis lesion subtypes except fibrous plaques, when
compared to normal areas of arteries (Figure 6). These
differences were significant by the chi-squared test. Fatty
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streaks gave the strongest reactions, some with more
than 50% of the inner cell layer stained.

Cells that were judged to be T lymphocytes from mor-
phology and UCHT1 staining of serial sections demon-
strated little or no ICAM-1 reactivity, as compared with
macrophages and smooth muscle cells.

With the control IgG1 class monoclonal MOPC21 at 2
,ug/ml in the ABC technique, some traces of staining was
seen in the endothelium and in macrophages, but these
were much less than the staining with the test antibodies.
ELISA assay of the monoclonal antibody concentrations
showed that 6.5B5 was used at 0.3 ,ug/ml, 8.4A6 at 1.4

Figure 1. Coronaty arteries stained witb 65B5 anti-ICAM-1 by the
ABC technique. Hematoxylin counterstain, A, B: No atberoma.
C-E: Fibro-fatty plaques. A: There is negligible staining of the
arterial intima, but a small adventitial vessel reacts strongly (ar-
row). Original magn#fication x25. B: Higb-power (x 400) view of
the intima of a coronaty artery with diffuse intimal thickening.
There is no staining ofthe endothelium or the smooth muscle cells
ofthe intima. C: Fibrous cap ofaplaque. Macrophages in the base
ofthe cap are well stained, the smooth mu-scle cells of the cap to a
variable extent, and the majority of the overlying endotbelium
appears to be reactive, original magnification X100. D: Shoulder
region sbouwing intense reaction in macrophages. There is patchy
positiviy in the endotbelial region (maximalpara-luminal stain-
ing wasfound in the shoulder region in many plaques), original
magnification XI00. E: (detail from C) Inner intimal region
showing intense reaction in the endotbelial layer, and of the un-
derlying smooth muscle cells of the fibrous cap. Note the large
numbers of nuclei in the endotbelial layer, suggesting additional
cells in transit original magnification X630.

,ug/ml, and 84H10 at 0.9 ,ug/ml. Therefore there was a
considerable margin of safety in the control experiment.

Discussion

This work has shown that the endothelium of arteries dif-
fers from small vessels in having a much lower level of
normal ICAM-1 expression. However a unique pattern of
extensive strong immunoreactivity is seen in atheroscle-
rotic plaques with the antibodies reactive with ICAM-1.
The results with control immunoglobulin confirm the
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Figure 2. A: Endothelium uwith normal morphology overlving the
margin of a large fibro-fatty, plaque in a coronary! artery, doublc
stained uwith rabbit anti-von Willebrandfactor (blue) and 84H10
anti ICAM-1 (broun). The anti-tW staining was reduced in inten-
sitn so as to facilitate the viiualisation of the ICAI1l-1 reaction.
Original magnification x 1000. B: Endothelium oier afibrofatti.
plaque of a coronary artery, stained with rabbit anti von-
Willebrand factor Inimunoperoxiaase, origintal magnification
Figure 3. Densefibrous cap of a large heavily lipid-laden aortic
fibro fatty plaque. Section double stained with 1A4 aniti actin (dark blue/black) and 84H10 antti-ICAM (brouwn). Most smooth muscle cells are
double stained, originial magnification x 1000.
Figure 4. hIigh pouwer (X630) view of the endothelial region of ant aortic fatty streak, stained u'ith EBMI1 to shou macrophages. The
spindle-shaped cells u'ere strongly positiive for ICAM-1 in a serial section. Vote the morphologic similarity, to snzooth muscle cells at this
position;further awayfrom the endothelium, miacrophages are larger and morefoamy.

specificity of this staining reaction. Much of the ICAM-1
staining is of macrophages, which inevitably express the
molecule, but it is the reactions seen in the other cells of
the plaque that are of great interest.

Expression of ICAM-1 in the endothelial cells is impor-
tant because of the possible effects on leukocyte adhe-
sion. However, analysis of the plaque endothelial layer is
difficult since it shows a complex pattern of ICAM-1 ex-
pression, with contributions from endothelial cells, mac-
rophages in passage, and probably from smooth muscle
cells close to the lumen. In addition, artifactual loss of
endothelial cells can occur. When the expression of
ICAM-1 in the inner layer of the intima was quantified by
image analysis, all these contributions were likely to have
been measured. Nevertheless the total data, which in-

clude double staining results, strongly suggest an in-
creased expression in the endothelial cells themselves.

An induction of ICAM-1 on endothelial cells implies a
state of activation, and is analogous to that seen in in-
flammatory reactions.811 However the levels achieved
on the arterial endothelial cells of plaques are usually less
than in inflamed small vessels.11

It is known that ICAM-1 can be induced on many non-
endothelial, nonleukocytic cells by cytokines33 and is
found on them in inflammatory diseases, for example on
keratinocytes and hepatocytes.34 However, the expres-
sion on smooth muscle cells has not been reported
widely; some positivity was previously noted in the vas-
cular smooth muscle of the synovium.35 The strong reac-
tions in the plaques suggest that the smooth muscle cells
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Figure 5. A: The image analvzer color monitor displaying an image ofa peroxidase stained coronary artervfibro-fatty plaque, with cells
adjacent to the lumen, apparently endothelium, showing extensivepositivityfor ICAM-1. Within the strip selectedfor analysis, whitefalse color
has been overlaid on the pixels detected as positive for peroxidase staining by color image analysis. The same area is displayed stainedfor
vWF in Figure 2B. B: Tbe same image without the whitefalse color overlay. Imagesfrom microscope x40 objective, width ofeach image, 230
microns.

are activated, and concur with the demonstration of other
activation antigens on the these cells in atherosclero-
sis.36 37 The presence of ICAM-1 on the plaque cells may
have a role in concentrating macrophages in the lesion,
as all leukocytes express the LFA-1 ligand.38

The inducibility of ICAM-1 by cytokines suggests that
cytokine secretion by activated cells in the lesions may
be responsible for its expression. It is of interest that
ICAM-1 has been demonstrated in a human aortic endo-
thelial cell line after TNF stimulation (JM Harlan, personal
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press a further cytokine, platelet-derived growth factor.39
This is capable of activating smooth muscle cells; there-
fore activation events in smooth muscle may be second-
ary to the presence of macrophages. The expression of
ICAM-1 in atherosclerosis could prove to be a useful in-
dex of the activity of a lesion.

Although the role of ICAM-1 in the adhesion and trans-
endothelial migration of monocytes remains to be re-
ported in detail, studies on binding to cultured human
umbilical vein endothelial cells have shown that beta-2
integrin dependent adherence (presumably to ICAM-1
plus ICAM-2) collaborates with VCAM-1 and ELAM-1 in
promoting adhesion.15 Furthermore monocyte adhesion
onto cultured arterial endothelium has been shown to be
partially beta-2 integrin dependent.40 Likewise, U937
cells, which resemble an early stage in the monocyte
lineage, bind on ICAM-1 coated wells,12 and the homo-
typic (monocyte-monocyte) adhesion of activated mono-
cytes is mediated by ICAM-1-integrin interactions.41
However, in vivo, ICAM-1 expression per se cannot ac-
count for cell migration, as small vessels normally ex-
press ICAM-1. There is increasing evidence that activa-
tion of the LFA-1 ligand on leukocytes may be important
in allowing binding,?_ as was found with monocyte ho-
motypic adhesion.41

Cooperation between adhesion systems may
enhance interactions, as was shown recently with
neutrophil binding to ICAM-1 and GMP140 in artificial
lipid bilayers.42 Further work is needed in this field with
regard to atherosclerosis. In our preliminary studies,
ELAM-1 and VCAM-1 appeared to be less well ex-
pressed on the plaque endothelium compared with
ICAM-1.

Cooperation with chemotactic factors may also am-
plify the effects of ICAM-1. Activation of complement oc-
curs in plaques, and the C5a chemotactic factor is gen-
erated.43 Chemotactic factors often activate the target
cells, and in the case of neutrophils, C5a activation has
been shown to lead to an increase in adhesiveness.44
Other chemoattractants could be involved: fibronectin,
TGF-P and the monocyte chemoattractant protein (MCP-
1) are monocyte chemotactic factors derived from mac-
rophages, smooth muscle cells, and endothelial
cells.45-17 Monocyte chemoattractant factors can be in-
duced in endothelial cells by macrophage-derived cyto-
kines, and by the culture of minimally modified LDL with
macrophages.4849

In addition to monocytes, T lymphocytes also enter
atherosclerotic plaques.5 As ICAM-1 promotes the adhe-
sion of T cells,12 these may be recruited without regard to
their immune specificity.

Current evidence suggests that the entry of leuko-
cytes into the intima is sufficient to induce many of the
major features of an atherosclerotic lesion. Invading leu-

kocytes can induce smooth muscle proliferation.50 Mac-
rophages accumulate in the lesions, take up lipid to be-
come large foam cells, and add to the bulk of the le-
sion.3-7 They can also produce ICAM-1-inducing
cytokines, as described earlier.

Monocyte recruitment mechanisms therefore have a
potentially significant involvement in the growth of the le-
sion. It seems likely that they may depend on cellular
activity within the plaque, and that this has important con-
sequences, particularly on the morphology of the lesion.
In all but its latest stages, atherosclerosis is a strikingly
focal disease of the arterial intima. This applies to both
human and experimental animal atherosclerosis. How-
ever one hypothesis that has been widely considered,
the clonal growth of smooth muscle cells, has not proven
to be an adequate explanation.51 Athough the general
localization of the plaques may depend on endothelial
injury by hemodynamic factors, it seems unlikely that
these forces alone could give rise to the well-demarcated
lesions that occur. An alternative view is that the lesions
expand from initiating stages by a locally acting self-
perpetuating mechanism.2 The induction of ICAM-i on
the arterial endothelium, which is seen in the early stages
of atherosclerosis, may contribute to the recruitment of
more monocytes to the lesion, probably by operating in
concert with other factors. The hypothesis can therefore
be advanced that a young lesion is capable of enhancing
its own development, resulting in the sharply localized
plaque. Increased numbers of monocytes have been
shown to adhere to atheromatous plaques,4'52 and many
were seen within the endothelium in this study. The es-
sentially all or none response of the vascular wall to ath-
erosclerosis is a typical response produced by a self-
perpetuating positive feedback system.

A potential exists for synergistic action between cyto-
kine-activated endothelium and thrombogenic mecha-
nisms in the generation of a plaque. Thrombin can stim-
ulate GMP140 expression53 and endothelial cell adhe-
siveness for mononuclear cells,54 whereas cytokine-
activated endothelium is able to produce tissue
procoagulant factor and platelet-activating factor.55'56 As
our results suggest that the endothelium of plaques is
activated, a thrombogenic capacity for endothelium in
this state could be of particular significance.

The stark differences between atheromatous and un-
affected areas of the arterial intima imply that the local
mechanisms involved must be powerful. It is proposed
that these are the local activation of a cytokine network,
cell activation, the induction of adhesion molecules and
chemoattractants, and a regenerative accumulation of
monocytes. These form a current explanation for the
long-standing view of a similarity of atherosclerosis to in-
flammation since inflammatory mechanisms are similar. If
they prove to have the major role that is suggested, their
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interruption could offer a new therapeutic approach to
this important disease.
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