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Diagnosing Lynch syndrome
.......................................................................................

H K Roy, H T Lynch
...................................................................................

Alterations in vascular patterns in the buccal/subgingival mucosa
may provide the basis for a non-invasive inexpensive test for
recognising hereditary non-polyposis colorectal cancer

R

isk stratification is essential for
designing efficacious and cost effective colon cancer screening programmes. One of the most important
risk factors for colorectal cancers (CRC) is
an inherited predisposition, implicated in
20% of all cases.1 The spectrum of genetic
susceptibility ranges from the low penetrance mutations that modestly increase
the colon cancer risk (for example, I
1307K) to the much more dramatic
phenotypes (for example, multiple colonic adenomas in familial adenomatous
polyposis) that engender an extraordinarily high risk of cancer.2 Lynch syndrome
or hereditary non-polyposis colorectal
cancer (HNPCC) is a case in point. This
autosomal dominant condition results
from a germline mutation in a DNA
mismatch repair (MMR) gene (most
commonly hMLH1, hMSH2, and hMSH6
with the rare occurrence in hMLH3, PMS1,
and PMS2).3 Clinically, Lynch syndrome,
the most common hereditary disorder
predisposing to CRC, is characterised by a
greater than 80% lifetime risk of CRC in
concert with an excess of several extracolonic cancers namely, endometrial,
gastric, pancreatic, small bowel, ovarian,
and transitional cell carcinoma of the
upper uroepithelial tract (ureter and renal
pelvis). Thus diagnosing Lynch syndrome
is of considerable importance in order to
institute a wide range of cancer surveillance strategies for affected subjects.
However, establishing the diagnosis is
challenging and requires both considerable knowledge and vigilance. The
potential reasons for overlooking the
diagnosis of HNPCC include:
(1) Difficulty in many busy clinical
practices of obtaining extended pedigrees necessary for identifying Lynch
syndrome.
(2) Inadequate physician awareness of
inherited colon cancer syndromes.4
(3) The variable phenotypic expression
which may be modulated by both
genetic and environmental factors. For
instance, we have noted that subjects
with hMLH1 mutations have a higher

risk of colon cancer than those with
hMSH2 mutations (hazard ratio 2.0),
and smokers who harbour germline
MMR gene mutations are at an
increased risk of colon cancer compared
with non-smokers (hazard ratio 1.4)
(Watson P, unpublished data).
(4) Suboptimal sensitivity and frequent
ambiguity from germline testing (for
example, approximately one third of
hMLH1 gene mutations are ‘‘missense
mutations of unknown significance’’).5
(5) Limitations in the clinical criteria
for diagnosing Lynch syndrome. For
instance, Amsterdam II criteria (at least
three members with HNPCC related
cancer one of whom is a first degree
relative of another affected, two successive generations, and one patient diagnosed before the age of 50 years) had a
sensitivity of 78% and a specificity of
61% in the detection of established
Lynch syndrome families.6 Although
using less stringent criteria (for example, Bethesda) improved sensitivity, this
came at the expense of specificity, thus
potentially subjecting more families to
germline testing.6
(6) Occurrence of new gene mutations,
which would therefore lack a family
history of CRC. For example, 11% of
hMSH2 mutations are believed to be de
novo events.7
Thus because of these and other
factors, Lynch syndrome is underdiagnosed and the relative paucity of identified HNPCC patients may not be
reflective of the true incidence of the
syndrome. The magnitude of this difference is not clear, but prevalence estimates suggest that approximately 1:350
to 1:1700 of the population are affected
(calculated based on the assumptions
that 1–5% of all CRCs are HNPCC
related and the lifetime risk for an
individual developing CRC is 6%). This
remarkably high population frequency
estimate for Lynch syndrome is supported by a recent report that at least
1.6% of all endometrial cancers were
related to germline mutations in
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hMSH6.8 Germline hMSH6 mutations
are responsible for approximately 10%
of Lynch syndrome cases,9 suggesting
that the total HNPCC related endometrial cancers may be considerably
higher. Taken together, these lines of
evidence indicate that Lynch syndrome
is markedly under appreciated.
The clinical implications of this under
recognition of Lynch syndrome can be
devastating because of the high probability of developing malignancies in
which the fatalities are potentially preventable. For instance, colonoscopic
screening of HNPCC patients more than
halved the risk of colon cancer, prevented all colon cancer deaths, and
decreased overall mortality by 65%.10
We therefore recommend initiating
colon cancer screening at age 25 years
utilising colonoscopy because of the
right sided predominance of colon
lesions, repeating this annually because
of the rapid adenoma to carcinoma
transformation (accelerated carcinogenesis) that characterises Lynch syndrome.11 In women, we perform yearly
transvaginal ultrasounds, endometrial
aspirations, and CA 125 levels starting
at age 30 years. Other screening recommendations are tailored to the specific
issues related to family.
One useful tool that is becoming
increasing employed for the detection
of Lynch related colon cancers is microsatellite instability (MSI) analysis. MSIhigh status serves as the genetic fingerprint for DNA MMR defect, the hallmark of HNPCC related cancers. These
studies can be expensive, are not universally available, and require access to
tissue blocks. MMR insufficiency is
extremely common in colon neoplasms.
For instance, a survey of 209 CRCs
demonstrated that 14% were MSI-high
and 21% were MSI-low.12 Moreover, in
patients with a family history of colon
neoplasia (one first degree relative with
colonic adenoma or CRC), 30% of
adenomatous polyps manifested high
levels of MSI.13 Thus the positive predictive value of MSI analysis is low,
subjecting many families to unnecessary
germline mutational analyses, with the
inherent expense and possible social
and psychological ramifications. Indeed,
an analysis was unable to formulate a
strategy employing MSI and genetic
testing for the diagnosis of HNPCC
that would have both acceptable efficacy and cost effectiveness.14 Thus
clearly other approaches are necessary
to diagnose this condition.
The ideal marker for HNPCC would be
sensitive, specific, non-invasive, and
inexpensive. Many hereditary CRC predisposing conditions harbour easily
recognisable physical findings that are
useful for diagnosis. For instance, in
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Boxes of one size are applied to the
digitalised outline of an object and the
number of squares required to cover
objects are compared with that
obtained with a different box size.19
With smooth objects, decreased box size
corresponds closely with the increased
box number which are required to cover
the outline (for example, if the box size
is half as much, then one needs 22 or
4 times as many boxes). However, this
relationship loses the proportionality in
irregular objects. For example, with an
irregular object such as a tumour,
decreasing box size by half may only
increase the needed box number by
approximately threefold (21.6). The
exponent is a fraction instead of an
integer and suggests that the object has
fractal properties. Several groups
demonstrated that fractal dimension of
tumour vasculature is increased.20
Another measure of complexity used
by De Felice and colleagues18 was chaos
scores, which were also increased in
Lynch syndrome patients. Chaos is
somewhat of a misnomer and is better
defined as ‘‘a form of order disguised as
disorder’’.21 While chaotic systems are
governed by simple rules of interactions,
they are extremely sensitive to initial
conditions and the slightest differences
are magnified vastly at final outcomes.21
With regards to vasculature, the
increase in fractal dimension and chaos
scores in subjects with Lynch syndrome
may be a marker of disorganised and
tortuous microvessels, which have been
previously reported in the vasculature
supplying tumours.20
Are these mathematical parameters
of any real clinical/biological relevance?
Several groups have demonstrated that
fractal analysis of histological slides
can distinguish normal from malignant colonic tissue.22 It has been
suggested that alterations in fractal
dimension may be one of the earliest
events in malignancy.23 Our preliminary report in experimental models
of colon carcinogenesis strongly supports this claim.24 Others have postulated that there may be therapeutic
implications for such parameters. For
instance, optimisation of chemotherapy
and radiation therapy require understanding the inefficiencies in tissue
oxygenation and drug distribution
related to the chaotic nature of tumour
vascular architecture.20
Are these remarkable findings on the
buccal vasculature complexity biologically plausible? This is difficult to
definitively answer. While MSI-high
tumours have distinctive pathological
features, these do not encompass the
blood vessel architecture.25 Indeed, one
study suggested that Lynch syndrome
tumours had less developed vasculature

than sporadic colon cancers.26 To our
knowledge, there have been no previous
studies on blood vessel alterations in
non-neoplastic areas. However, given
the germline nature of the mutations,
all endothelial cells should be affected.
It is becoming increasingly clear that
hMLH1 and hMSH2 have a wide number
of other biological functions aside from
DNA MMR. For example, DNA MMR
enzymes have been implicated in the
cellular apoptotic machinery.27 Endothelial apoptosis is an important process
in governing cancer associated neovascularisation.28 While there are no reports
on alterations in microvasculature in
non-neoplastic epithelium, we have
recently reported that increased mucosal
blood flow may be a very early event in
experimental colon carcinogenesis.24
Extrapolation from the uninvolved premalignant colonocytes to the buccal
mucosal vasculature is somewhat tenuous. On the other hand, there are a
variety of well established extraintestinal markers for hereditary colon cancer
syndromes, including CHRPE for familial adenomatous polyposis, that do not
have clear biological rationale.
There are several caveats in applying
these remarkable data from De Felice
and colleagues18 to clinical practice. One
problem is that the Lynch II patients in
this study were all related. Thus it is
conceivable that the increased vascular
complexity may be related to an inheritable trait unrelated to the presence of a
DNA MMR gene mutation. This is
suggested by the observation that members of these kindreds, believed not to
have Lynch syndrome as ascertained by
linkage analysis, also manifested the
increased vascular complexity compared
with controls. Indeed, in most parameters there were no significant differences between family members with
and without mutations. However, the
numbers were small. An alternative
explanation of these inconsistencies
may be that some of the ‘‘unaffected
individuals’’ may potentially harbour
mutations that were not detected by
linkage analysis, a methodology with
suboptimal sensitivity.
In summary, this provocative report
leads to hope about the development
of a non-invasive inexpensive test for
recognising HNPCC. This would be of
major importance in detecting heretofore unidentified patients and therefore initiating the intensive potentially life saving surveillance regimen.
However, replication of these data in
a large number of Lynch families
is mandatory in order to translate
this unique observation into clinical
practice.
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Peutz-Jeghers syndrome, which has an
approximate 10–38% lifetime incidence
of CRC, the pigmented oral lesions are
almost pathognomic.2 In familial adenomatous polyposis, where the lifetime
CRC risk approaches 100%, congenital
hypertrophy of the retinal pigmented
epithelium (CHRPE) has been an important clinical feature.15 Interestingly,
while its presence connotes mutations
in the centre of the APC gene (from exon
9 to 15), CHRPE has also been detected
in familial polyposis unrelated to APC
but associated instead with MYH mutations.16 Thus molecular pathogenesis
responsible for the physical manifestations remains poorly understood. In
HNPCC, there are no known easily
detectable manifestations of physical
examination (except for the sebaceous
gland tumours in the rare HNPCC
variant, Muir-Torre syndrome).17
In this issue of Gut, De Felice and
colleagues18 evaluate alterations in vascular patterns in the buccal/subgingival
mucosa as a marker for HNPCC [see
page 1764]. They reasoned that as
blood vessel complexity increases in
colon carcinogenesis, and Lynch syndrome represents a germline mutation
and thus should be detectable ubiquitously, assessment of vascular complexity in remote areas of the body may be a
screening tool for Lynch syndrome. High
resolution pictures of buccal/subgingival
mucosa from 14 patients from a Lynch
II kindred and 30 healthy controls were
obtained. These images of the vasculature were digitalised, and blood vessel
complexity was determined. Using this
methodology, they were able to demonstrate that there were highly statistically
significant differences in patients from
the Lynch II kindred compared with
controls.
While obtaining the images is relatively straightforward, quantitating
vascular complexity and geometry
represents a much more formidable
challenge. Previous studies utilising
conventional
Euclidean
geometry
(which relies on smooth shapes) were
disappointing, largely because of the
inability to approximate the irregularities inherent in malignancies. Fractal
geometry, on the other hand, is far
better suited in describing the somewhat random nature of tumour associated structures.19 Indeed, pathologists
and cancer biologists are realising that
accurate geometrical analysis of tumours,
cells, and microvasculature can yield
important information in the diagnosis
and prognosis of malignancies.20 Fractal
dimension is a well established measure of complexity and space filling
nature of an object. The most widely
used methodology for determining
fractal dimension is box counting.
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