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Correlation with Mismatch Repair Protein Expression Provides
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Although microsatellite instability (MSI) testing is a
useful tool for molecular screening of hereditary non-
polyposis colorectal cancer (HNPCC) carcinomas,
conflicting results have been obtained in colorectal
adenomas. This might result from different tech-
niques of tissue sampling and MSI analysis. Alterna-
tively, some HNPCC-associated adenomas may follow
a molecular route that differs from the MSI pathway.
In the present study we examined the MSI status of 18
adenomas from 17 HNPCC patients by comparing
manual adenoma dissection under gross visual con-
trol with laser microdissection of single adenoma
crypts. After manual gross dissection, 50% (9 of 18)
and 11.1% (2 of 18) of the adenomas displayed high-
level (MSI-H) and low-level (MSI-L) MSI, respectively.
The same set of adenomas split into 83.3% (15 of 18)
MSI-H and 5.6% (1 of 18) MSI-L after laser microdis-
section. The expression pattern of mismatch repair
(MMR) proteins showed a higher concordance rate
with the MSI status in laser-dissected (94%) than
gross-dissected (47%) adenomas. Whereas two adeno-
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mas remained microsatellite stable (MSS) and MMR
proficient even after laser-assisted dissection, two
MSI-H cases showed either rare instabilities at coding
microsatellites or intratumoral heterogeneity of MSI
with and without MSH2 expression. This suggests that
in some adenomas development of MMR dysfunction
occurs stepwise with MSI, arising before complete
loss of MMR gene expression, whereas other HNPCC-
associated adenomas might develop independently of
MMR deficiency. (J Mol Diagn 2005, 7:160—170)

Hereditary nonpolyposis colorectal cancer (HNPCC) is
an autosomal dominant syndrome representing the most
common form of hereditary colorectal cancer.’? Approx-
imately 5 to 8% of all colorectal cancers have been
classified as HNPCC' by using the criteria proposed by
the International Collaborative Group on HNPCC.? Most
cases of HNPCC are caused by germline mutations in
one allele of mismatch repair (MMR) genes MSHZ2 or
MLH1T, or less frequently in the genes MSH6 and
PMS2.3'" For PMST or MLH3 a pathogenic germline
mutations in a HNPCC-family is not reported yet, however
as a partner of MLH1 in case of PMS1 or functional
(MLH3) it might also be important.

Mutations in these genes impair the function of MMR
proteins, their role being to recognize and repair mis-
matches and insertion/deletion loops caused by slippage
of DNA polymerase.'® " MMR deficiency leads to micro-
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satellite instability (MSI), characterized by widespread
insertions and deletions of one or few bases within short
tandem repeats in tumor DNA, compared to matching
normal DNA.™ ¢ |t has been shown that more than 90%
of colorectal cancers in HNPCC patients are MSI,
whereas this is only the case in 15% of sporadic colorectal
cancers.'” Microsatellite analysis has therefore been pro-
posed as a useful diagnostic tool in screening for HNPCC
syndrome.'®72° Moreover, it is possible to identify tumors
with a defective MMR system by immunohistochemistry
because inactivation of MMR genes may cause loss of
expression of the corresponding protein.2'~2¢

In sporadic colorectal adenomas a very low frequency
of MSI, ranging from 0 to 3%, has been found,?”2°
whereas a higher but variable MSI frequency ranging
from 10 to 90% has been documented in HNPCC-asso-
ciated adenomas.?”3°7%° |t can be hypothesized that the
variable MSI detection rate observed in HNPCC adeno-
mas might be related to the tissue sampling proce-
dure 272889734 The significance of intralesional molecu-
lar heterogeneity in relation to the degree of dysplasia as
a potential source of false-negative MSI tests has not yet
been studied specifically. On the other hand, although
MSI has been suggested as an early event in HNPCC-
associated carcinogenesis, MMR deficiency might not be
the only cause for the development of early adenomas in
HNPCC patients.?”*® The aim of this study was to inves-
tigate early steps of tumorigenesis in a series of HNPCC-
related adenomas using laser-assisted microdissection
and to compare the results with the immunohistochemical
profile.

Materials and Methods

Patients and Tumors

Our retrospective study is based on 17 HNPCC patients
(nine males, eight females; age range, 24 to 78 years;
mean age, 45.9 years) forming part of a prospective
multicentric study throughout Germany supported by the
Deutsche Krebshilfe (German Cancer Aid). Family history
of these patients fulfilled the Amsterdam | or Il criteria.
These patients were selected because they had devel-
oped synchronous adenomas in 15 cases and metachro-
nous adenomas in 2 cases, one of the latter showing two
synchronous adenomas next to each other (Table 1, case
17). One patient (case 3) suffered from endometrial can-
cer and developed a metachronous adenoma and was
the mother of case 13. For each patient, paraffin blocks of
carcinoma, adenoma, and normal colonic mucosa were
available from the archives of the Institute of Pathology,
Klinikum Kassel, Kassel, Germany, where the tumor tis-
sue was studied on referral basis within the German
HNPCC-consortium that currently serves for more than
2000 registered families meeting the Bethesda criteria
(for details see: htto//www.krebshilfe.de). Eight patients
with a sporadic colorectal carcinoma and synchronous or
metachronous adenomas served as a control group.
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Tumor Histology

For each adenoma and carcinoma, two representa-
tive cross sections were subjected to hematoxylin and
eosin (H&E) and periodic acid-Schiff staining to eval-
uate the histology. Typing and grading of carcinomas
as well as typing of adenomas followed the recommen-
dations of the World Health Organization classification
of tumors.*® Accordingly, adenomas were grouped into
elevated and flat with either a tubular, villous, or tubu-
lovillous growth pattern. Two cases of the flat adeno-
mas have been reported previously (Table 1, cases 13
and 14).37:38 Various degrees of dysplasia in different
areas of the same adenoma were identified and
graded as mild (D1), moderate (D2), or severe (D3),
with D1 and D2 corresponding to low-grade and D3 to
high-grade intraepithelial neoplasia. Finally, each ad-
enoma was classified in relation to the most advanced
focus of dysplasia. The assessment of dysplasia was
performed independently by two pathologists with
good correlation and reproducibility. Gross tumor pa-
rameters (site, size and stage) were recorded accord-
ing to the UICC.° In four cases, adenocarcinoma de-
veloped from a tiny early focus either from flat
adenoma (3X) or from an elevated tubulovillous ade-
noma (so-called carcinoma in adenoma). All tumor
blocks and blood samples were studied after obtaining
the patients informed consent under an approved pro-
tocol by the ethics committee of each participating
center.

Microdissection and DNA Extraction
Manual Dissection

Paraffin-embedded carcinoma, adenoma and corre-
sponding normal tissue sections (5 wm thick) were
mounted on glass slides and stained with H&E. Cross
sections were prepared for each tumoral lesion and ad-
ditionally stained with periodic acid-Schiff reagent. Areas
of interest of each adenoma and carcinoma in every
individual patient were marked using a microscope on
the H&E-stained slide by a pathologist. These marked
areas, which sometimes comprised the whole adenoma,
were scraped off additional unstained cross sections.
The tissue underwent proteinase K digestion at a final
concentration of 2 ug/ml (Qiagen, Valencia, CA). DNA
was extracted with the QlAamp DNA mini kit (Qiagen)
according to the manufacturer’s recommendations and
purified with the PCR Template Preparation kit (Roche,
Mannheim, Germany).

Laser Microdissection

Additional sections of the same paraffin blocks con-
taining normal and adenomatous tissue were prepared
for laser microdissection. Briefly, the sections were
mounted onto a polyethylene membrane, previously at-
tached to a glass slide with rubber cement (Fixogum;
Marabuwerke, Tamm, Germany). Slides were deparaf-
finized in xylene, rehydrated in descending alcohols, and
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Table 1. Patient Characteristics

Patients Carcinoma and Adenoma MMR proteins Microsatellite loci
MS-status " """ =  Laser
CA-stage CA-grade manually dissected
No. F/M YS Type* Location** AD-size AD-dyspl. dissected MSH2 MLH1 MSH6 lesion BAT40 BAT25 BAT26 APC D2S123 Mfd15
1 F 3 CA T T3N1MX 2 MSI-H + - + nd + + + -
tAD 2cm 0.5cm D3 MSI-H + - + nd + + + + -
MSI-H D1 + + + + +
MSI-H D2 + + + - - +
MSI-H D3 + + + + +
2 F 49 CA T T3NOMO 2 MSI-H — + (+) nd + + + + -
tvAD 5cm 1.5 cm D3 MSI-H — + (+) nd + + + +
MSI-H D1 + + + - +
MSI-H D2 + + + + - +
MSI-H D3 + + + + - +
3 F 5 CA END T1NOMO 2 MSI-H - + (+) nd - + + - +
tADm S 1cm D3 MSI-H - + (+) nd + + + + +
MSI-H D1 + + + + + +
MSI-H D2 + + + + + +
MSI-H D3 + + + + + +
4 M 46 CA T T3NOMO 2 MSI-H + - + nd + + + + +
tvAD 2cm 1.5¢cm D3 MSI-H + — + nd + + + nd +
MSI-H D2 + + + + + +
MSI-H D3 + + + + + +
5 F 78 CA S T3NTMX 3 MSI-H — + - nd + + + + +
tAD 2cm 0.8 cm D3 MSI-H — + - nd + + + + +
MSI-H D2 + + + + + +
MSI-H D3 + + + + + +
6 F 63 CA T T2NOMX 2 MSI-H + — + nd + + nd + +
tAD adj. 0.8 cm D3 MSI-H + - + nd + + - + +
MSI-H D2 - + + + + +
MSI-H D3 - + + + - +
7 M 43 CA A T3N2MX 3 MSI-H — + (+) nd + + + nd +
tAD 4cm 0.5cm D1 MSI-H — + (+) nd + + + - +
MSI-H D1 - + + + - +
8 M 40 CAin R TINTMO 2 MSI-H - + - pT1 + + + + + +
tvAD 25cm D2 MSI-H (+) + (+) nd + + — + +
MSI-H + D1 - + + + -
MSI-H + D2 + + + - + -
MSI-H - D1 - + + + + +
MSI-H - D2 - + + + + +
9 F 3 CA T T4N2MX 2 MSI-H + - + nd + + + +
tAD 6 cm 1.5 cm D2 MSI-L + - + nd - + - - -
MSI-H D1 - + + +
MSI-H D2 - + + + - +
10 F 35 CA R T2NOMO 2 MSI-H + - + nd + + + + +
tAD 1cm 0.4 cm D1 MSI-L + - + nd - - - - +
MSI-H D1 + - + + - -
MSI-H D2 + - + + - +
11 M 44 CA A T2NOMX 2 MSI-H + - + nd + + + + +
tvAD 6 cm 1.5cm D2 MSS + - + nd - - - -
MSI-H D1 + + - - - +
MSI-H D2 + — — + - —
12 M 50 CA S T3NOMO 2 MSI-H - + - nd + + - + nd
tAD 8 cm 0.5cm D2 MSS - + - nd - - - - -
MSI-L D1 + - - - - -
MSI-H D2 + — — — - +
13 M 24 CAin R TINTMO 2-3 MSI-H - + (+) pT1 + + + + - +
fAD 35cm D3 MSS - + (+) - (+) - - - -
MSI-L D1 - - + - - -
MSI-L D2 - + - + - -
MSI-H D3 + + - + -
14 F 44 CAin T T1NOMO 3 MSI-H + — + pT1 + + + + + +
fAD 4 cm D3 MSS + — + nd - - - - -
MSI-H D3 + + + + + +
(Table continues)
H&E stained. Laser microdissection was performed using analysis, the cells being harvested from areas within the
a Leica AS LMD system (Leica Microsystems GmbH, adenoma showing different degrees of dysplasia (D1 to
Wetzlar, Germany). Approximately 150 to 500 epithelial D3) as well as from small foci of carcinoma in adenoma.

cells (mean, 375 epithelial cells) were harvested for each Usually two independent samples were taken for each
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Table 1. Continued
Patients Carcinoma and Adenoma MMR proteins Microsatellite loci
MS-status Laser
CA-stage CA-grade manually dissected
No. F/M YS Type* Location** AD-size AD-dyspl. dissected MSH2 MLH1 MSH6 lesion BAT40 BAT25 BAT26 APC D2S123 Mfd15
15 M 41 CAin R TINOMX 2 MSI-H + + + pT1 + — - + - +
fAD 1.0cm D3 MSS + + + nd — - - - -
MSS D1 - - - - - -
MSS D2 - — - - - -
MSI-L D3 - +
16 M 55 CA A T3NOMO 2 MSI-H - + - nd + + + + +
tAD 3cm 0.7 cm D1 MSS + + + nd - - - - -
MSS D1 - — - - - -
17 M 42 CA A T3NOMO 3 MSI-H + - + nd + + + + +
tvADm R 2.cm D3 MSI-H + - + nd + + + + +
MSI-H + - + nd + + + + +
tADm R 0.8 cm D2 MSS + + + nd - - - - -
MSS D1 - - - - - -
MSS D2 - — - — -

The patients identification number (No.), sex (F/M), age at diagnosis of the cancer (YS) are listed in the first column (patients). In the second
column (carcinoma and adenoma) data of tumor type (AC, adenocarcinoma; AD, adenoma), localization of the tumor (A; ascending colon; T;
transverse colon; S; sigmoid colon; R; rectum; END; endometrium; adj.; adjacent to carcinoma) tumor stage, and grade are presented. In the second
row the data are given for the syn- or metachronous adenomas including adenoma type (t; tubulous; tv; tubulovillous; f; flat), the distance to a
synchronous cancer (if applicable [cm]) and size of the lesion (maximum diameter, [cm]) as well as the grading (D1; mild dysplasia; D2; moderate
dysplasia; D3; severe dysplasia). In the third column (MS status) results of the MSI analysis are listed with MS status after manual dissection being
underlined. In the fourth column (MMR proteins) staining results of MSH2, MLH1, and MSH6 are shown. In the fifth column (laser) the different grades
of dysplasia which were collected by laser microdissection are presented. The last column (microsatellite loci) lists data of the MSI analysis for each

single locus.

degree of dysplasia (Figure 1). Cell lysis was performed
by dispensing 20 wul of lysis buffer into each cap. The
buffer consisted of 10% proteinase K (2 mg/ml; Roche),
0.5% Tween 20 (Merck, Darmstadt, Germany), and 1X
TagPCR Buffer (Roche). After digestion for 18 hours at
50°C, proteinase K was inactivated by incubation at 94°C
for 10 minutes.

Analysis of MS/

In accordance to the recommendations by the National
Cancer Institute and the ICG-HNPCC'®4° five microsat-
ellite loci were used in all tumor lesions both for manual
and laser-based dissection to detect MSI: two loci with
mononucleotide runs (BAT25, BAT26) and three loci with
CA dinucleotide repeats (D25123, D55346, D175250). In
addition, samples obtained by laser microdissection
were also tested for instability at BAT40. The primer se-
quences of these microsatellite loci have been reported
elsewhere.*" Eight adenomas of seven patients (Table 1,
cases 3, 6, 12to 14, 16, and 17) were investigated by an
extended primer panel demonstrating instabilities at
mononucleotide repeats within the coding regions of 26
different genes that are essential for tumorigenesis, such
as transforming growth factor-B receptor type Il, BAX,
CASP5, and others (for details see Woerner et al*?43).
Polymerase chain reaction (PCR) amplifications were
performed in an Eppendorf Mastercycler Gradient (Ep-
pendorf, Hamburg, Germany). Primers were 5’-labeled
with HEX, FAM, or TET (PE Applied Biosystems, Foster
City, CA). DNA amplification was performed in a standard
reaction mix reported elsewhere with cycling conditions
using Ampli Tag Gold (PE Applied Biosystems).**' The
PCR products were run on an ABI Prism 310 genetic
analyzer (PE Applied Biosystems) according to the man-

ufacturer’s instructions and microsatellite status was an-
alyzed using GeneScan fragment analysis software
(GeneScan, PE Applied Biosystems). Only cases show-
ing unequivocally distinct additional peaks or shifts in
tumor tissue DNA in comparison to normal tissue DNA
were recorded and classified as MSI.

The microsatellite status of each sample was deter-
mined based on the percentage of unstable loci. The
status was defined as MSI-high (MSI-H) when more than
30% of markers displayed instability and as MSI-low
(MSI-L) with less than 30% of markers exhibiting instabil-
ity.'® In cases in which only dinucleotides of the original
five National Institutes of Health marker panel were mu-
tated shifts at BAT40 excluded MSI-L according to up-
dated Bethesda (Il) recommendations.*® A sample was
classified as microsatellite stable (MSS) when no MSI
was found.

Immunohistochemistry

Loss of MMR protein expression (MSH2, MLH1, MSH6)
was determined by immunohistochemical analysis both
in carcinomas and adenomas. Briefly, sections were de-
waxed in xylene and rehydrated in graded ethanols. After
washing in distilled water, the sections were placed in
citrate buffer (10 mmol/L, pH 6.0) in a microwave oven
(800 W, 20 minutes) to allow antigen retrieval. Endoge-
nous peroxidase was blocked with 3% H,O, for 5 min-
utes, while nonspecific binding sites were blocked by
incubating sections with goat serum for 30 minutes. The
slides were incubated overnight at 4°C with primary an-
tibody against MSH2 (clone FE11, dilution 1:100; Onco-
gene Sciences, Cambridge, MA), MLH1 (clone G168-
728, dilution 1:200; PharMingen, San Diego, CA), or
MSHS6 (clone 44, dilution 1:600; Becton Dickinson Trans-
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Figure 1. Laser microdissection. A: A periodic acid-Schiff-stained section used to identify the degree of dysplasia. B, C, E: The laser cut line surrounds the
dysplastic cells (B); these cells were harvested in the cap of a microtube (C, E). D: The tissue section after laser microdissection: DNA contamination by stromal
and inflammatory cells surrounding the desired cells was avoided.

duction Laboratories, San Diego, CA) proteins. Subse-
quently, the sections were washed with phosphate-buff-
ered saline (PBS) and incubated with a secondary
biotinylated antibody (Vector Laboratories, Burlingame,
CA). After rinsing with PBS, the sections were incubated
with  streptavidin-conjugated horseradish peroxidase
(Vector Laboratories). For detection, the chromogen
3-amino-9-ethylcarbazole (Sigma, St. Louis, MO) was
used according to the manufacturer’'s recommendations
and finally the slides were lightly counterstained with
hematoxylin. Only slides with distinct positive nuclear
staining in the basal crypt cells of normal mucosa, stro-

mal as well as inflammatory cells were evaluated. Loss of
MMR protein expression within the neoplastic lesions was
defined as complete when less than 10% of tumor cells
were stained. Incomplete loss (10 to 50% stained cells) or
only focal staining (cohesive nests of stained tumor cells)
was recorded as (+) (Table 1).

Statistical Analysis

Statistical analysis was performed using x° and Fisher’s
exact test. A value less than P = 0.05 was considered as
statistically significant.
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Figure 2. Microsatellite status after manual and laser-guided dissection indi-
cating the cases with a changed MSI level.

Results

MSI and MMR Expression in Carcinomas

All cancer tissues from HNPCC-patients were classified as
MSI-H and all but one exhibited loss of MMR protein ex-
pression. In particular, eight (47.1%) carcinomas showed
complete loss of MLH1 expression and normal immunore-
activity for MSH2 and MSH6, whereas eight (47.1%) exhib-
ited complete loss of MSH2 expression; in addition, four
(23.5%) cases of this latter group showed also a complete
loss of MSH6 expression. The only MMR protein-positive
carcinoma showed MSI exclusively at dinucleotide loci with
stable mononucleotides when the original five National Can-
cer Institute marker panel was used (Table 1, case 15).

MSI after Manual and Laser-Based Dissection in
Adenomas

After manual dissection, MSI analysis of representative
cross sections of the 18 adenomas from the 17 HNPCC
patients demonstrated the presence of nine (50%)
MSI-H, two (11.1%) MSI-L, and seven (38.9%) MSS tu-
mors. However, after laser microdissection 15 of 18 ad-
enomas (83.3%) were MSI-H, 1 of 18 (5.6%) was MSI-L,
and 2 of 18 (11.1%) remained MSS. Six adenomas were
reclassified as MSI-H, two of which had been classified
as MSI-L and four of which had been categorized as MSS
by manual dissection (Figure 2). To rule out the possibility
that instability may have resulted from analysis of too few
cells for laser microdissection showing a mobility shift, all
eight adenomas from the control group were analyzed
with the same amount of cells and none of them dis-
played MSI (data not shown). Interestingly, testing of the
two MSS adenomas by an extended primer panel did not
reveal any instabilities of coding mononucleotide repeats
within 26 target genes. Six MSI-H adenomas, however,
showed instabilities at more than 40% of the tested cod-
ing repeats (data not shown).

MSI, Location and Type of Adenoma

Thirteen adenomas occurred separately from the carci-
noma, only six of these were classified as MSI-H after
manual dissection, while two remained MSS even after
laser microdissection. The remaining five adenomas
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were located in close vicinity to the carcinoma. Four of
these were large adenomas with only small foci of (micro-)-
invasive adenocarcinomas (pT1); in three of these tumors
MSI status could correctly be classified only after laser
microdissection (Table 1, cases 13 to 15).

There was a significant increase in the number of
affected MS loci with increasing degree of dysplasia.
Instability affecting at least 83% (5 of 6) of microsatellite
markers occurred in most of the microdissected high-
grade intraepithelial neoplasias (70%, 7 of 10) but was
significantly less common in low-grade intraepithelial
neoplasias with medium grade (40%, 6 of 15) and low-
grade dysplasia (14.3%, 2 of 14; P = 0.0375). Gain of
instability with tumor progression could also be shown in
the carcinoma-in-adenoma cases (Table 1, cases 8, and
13 to 15). The invasive part of these neoplasias showed
the highest number of unstable microsatellite loci (=5
markers) in 3 of 4 (microinvasive) carcinomas but only in
3 of 11 microdissected dysplastic adenomatous lesions
(75% versus 27%, P = 0.092). No correlation was found
between MSI status and growth pattern of adenomas.

MMR Protein Immunoexpression in Adenomas

Loss of MMR protein expression was detected in 14 of 18
(77.7%) adenomas. In particular, 8 of 18 (44.4%) cases
showed complete loss of MLH1 expression and normal
positive nuclear staining for MSH2 and MSH®6, while 6 of
18 (33.3%) cases exhibited a complete loss of MSH2
expression; 2 of 6 adenomas of this latter group showed
a complete loss of MSH6 expression in addition to the
loss of MSH2. The remaining four adenomas stained
positive for all three MMR proteins. In the control group all
adenomas revealed a positive nuclear staining for MLH1,
MSH2 and MSH6.

Relationship between MMR Protein Expression
and Microsatellite Status

MMR protein expression pattern showed the highest con-
cordance rate with the MSI status in laser-dissected (94%)
rather than gross-dissected (47%) adenomas. After laser
microdissection of the 15 MSI-H adenomas 14 displayed
loss of MMR protein expression (ie, 93.3% concordance
rate). One of the MSI-H adenomas showed intratumoral
heterogeneity with loss of MSH2 staining in approximately
two-thirds of the adenoma but retained expression in the
remaining part. In this case (Table 1, case 8) we analyzed
these areas of different MMR expression for MSI by laser
microdissection and we were able to demonstrate a corre-
lation between the loss of protein expression and the extent
of the mobility shift (Figure 3).

Of the four cases with preserved MMR gene expres-
sion, laser microdissection disclosed already BAT40 mu-
tations (Table 1, case 12). This adenoma was the small-
est in this series (~3 mm in diameter) and mobility shifts
at coding MS loci were restricted to 1 of 22 evaluable
target genes. Two other adenomas that stained positive
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Figure 3. Carcinoma arising in an adenoma in a case with partial loss of MSH2 in the adenoma. A: Focus of MSH2 expression in the adenoma (->, retained MSH2
immunostaining; AD, adenoma; CA, carcinoma; N, normal mucosa; * , lymphoid follicle as internal positive staining control). B: Enlarged inset from A with focal
MSH2 staining and C shows the expression of MLH1 within the same area. D and E: MSI at BAT40 (D) and BAT25 (E) of MSH2-negative cells (D: lane 1, normal;
lanes 2 and 3, adenomatous tissue without MSH2; lanes 4 and 5, with preserved MSH2 expression; E: lane 1, normal; lane 2, adenomatous tissue with MSH2

staining; and lanes 3 and 4, without MSH2 staining).

for all three MMR proteins were MSS even though the
corresponding cancers showed MSI-H and loss of one
MMR protein. Interestingly, in one of these two cases
(Table 1, case 17) the patient suffered from two synchro-
nous adenomas that occurred 2 years after cancer re-
section in the rectal stump, one of which was MSI-H and
had lost MLH1 expression, whereas the other adenoma
was MSS and expressed all MMR proteins (Figure 4). The
fourth adenoma with regular MMR protein expression
exhibited low-level MSI even after laser microdissection
(Table 1, case 15). In this case the corresponding carci-
noma showed only dinucleotide instabilities and no im-
munohistochemical loss of MMR proteins.

Discussion

In the present study we obtained different results for MSI
analysis of adenomas of known HNPCC patients, de-
pending on the method of microdissection used. These
adenomas arose either synchronously or metachronously
with carcinomas that had been shown to be MSI-H and
had complete loss of MMR proteins in all but one case.
Using manual dissection of marked areas, which were
scraped off additional unstained cross sections, we
found MSI in 11 of 18 adenomas (61%) (MSI-H, 9 of 18
cases; MSI-L, 2 of 18 cases), whereas 7 of 18 adenomas
(38.9%) were classified as MSS. After laser microdissec-
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Figure 4. A known HNPCC patient with synchronous adenomas. One adenoma showed nuclear staining for MLH1 and MSH2 (A) whereas the other revealed a
loss of MLH1 (B). Corresponding MSI analysis disclosed instabilities at BAT25 (top set) and BAT 26 (bottom set) for the one (B) and no instabilities for the other

(A) adenoma (lanes 1 and 4, normal control).

tion, six adenomas had to be reclassified as MSI-H, two
of which had been classified as MSI-L and four of which
had been classified as MSS by manual dissection. Over-
all the results with laser microdissection showed MSI in
16 of 18 adenomas (88.9%), 15 of which were MSI-H and
one of which was MSI-L. Only two cases remained in the
MSS category. These findings clearly demonstrate an
increased sensitivity of MSI detection by laser microdis-
section. This might explain why the rate of MSI in adeno-
mas of patients with MMR deficiencies varies widely be-
tween 10% and 90%.27:28:33

One of the reasons for the higher sensitivity of MSI
screening using laser-microdissected tissues is that ad-

enomatous cells were harvested selectively, excluding
stromal and inflammatory cells. Accordingly we found an
increased number of unstable MSI loci with a degree of
dysplasia, which is also confirmed by our observation
that in early carcinomas within adenomas usually most
MSI loci are affected. Another explanation might be the
heterogeneity in the precursor lesion where some areas
are more affected by MSI than others. This problem can
be approached by microdissecting multiple areas of the
lesion and then comparing the relative patterns. There-
fore, we dissected at least two areas with equal grades of
dysplasia in each adenoma for MSI analysis. MSI con-
cordance rate between these two areas ranged from 45%
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in low-grade dysplastic lesions to more than 90% in high-
grade dysplastic lesions, indicating that MSI may be
missed, particularly in low-grade intraepithelial neoplasia
(data not shown). To avoid the number of cells obtained
using laser microdissection falling below a necessary
minimum, which might cause other problems as shown
previously,®® we amplified at least 150 cells. In our opin-
ion the optimum number of template cells ranges be-
tween 200 to 300 cells.

Another issue is the possibility that different MSI results
may be attributed to various methodologies applied in the
literature for evaluating MSI. In fact, only few studies®33°
have used the guidelines for the evaluation of MSI rec-
ommended by the National Cancer Institute workshop,
which we used in the present study.'®*! Additionally we
recommend immunohistochemical analysis for the cor-
rect interpretation of the MSI data. In five of six cases in
our study, which were classified as MSI-H only after laser
microdissection, the result was confirmed by the immu-
nohistological data, with loss of expression in one of the
responsible MMR-proteins. In general we found that
the shift of the microsatellite peaks is more marked in the
areas that have lost expression of the MMR proteins but
interestingly, the instability is present in areas of the
adenoma that are still expressing the protein. The obser-
vation in one adenoma (case 12) that MSI can be an
earlier event than immunohistochemically detectable loss
of MMR expression together with technical limitations of
immunohistochemistry, namely sensitivity to overfixation
and other false-negatives, emphasizes that MSI studies
should be done in conjunction with immunohistochemis-
try and cannot be replaced by immunohistochemistry
alone. Taking these aspects into consideration, MSI anal-
ysis in adenomas could be regarded as being relatively
specific in analyzing patients at risk for having HNPCC
syndrome. This was also hypothesized by Loukola and
colleagues®® in cases in which clinical or family history
suggested a hereditary predisposition.

One adenoma revealed a regular protein expression of
the tested MMR proteins and was classified as MSI-L. In
this case the carcinoma was also MMR protein-positive
(case 15) and instability was restricted to dinucleotide
loci with stable mononucleotides. Because the family
history fulfilled the Amsterdam Il criteria and no germline
mutation could be demonstrated in either of the three
tested MMR genes, this patient most likely belongs to a
non-MMR related form of HNPCC as proposed by the
most recent Bethesda workshop.*’

It is well accepted that in HNPCC patients the progres-
sion time to carcinoma is much reduced when compared
with patients without genetic predisposition.3%44~46 One
explanation may be the higher frequency of high-grade
intraepithelial neoplasias.®**® In our cohort there was
also an increased number of flat adenomas in HNPCC
patients. These lesions show a much shorter progression
time to carcinoma than elevated or pedunculated
forms.*”*8 Whether the formation of flat adenomas is due
to genetic or mechanical factors is, however, a matter of
debate.

In our own experience MSI analysis is highly prone to
give false-negative results, particularly in such flat ade-

nomas. Using manual dissection, contamination of ad-
enomatous tissue with adjacent normal mucosa and no
specific selection of high-grade dysplasia or even the tiny
early adenocarcinoma foci in the so-called carcinoma in
adenoma neoplasias turned out to be the most important
factors.>”%8 Also the role of hyperplastic polyps is not
resolved yet. Whereas Rijcken and colleagues®® de-
scribe the role of the MMR defect as unlikely for the
development of hyperplastic polyps, Jass and col-
leagues®® recently discussed a role of these polyps for
malignant transformation.®”

As published by Sparks and colleagues® MSI occurs
very early and may represent the first genetic alteration in
HNPCC-related tumors. This is in concordance with our
data demonstrating MSI in adenomas of different de-
grees of dysplasia and even in D1 adenomas. Our data
are also in accordance with the work of lino and col-
leagues® who found that adenomas displaying high-
grade dysplasia revealed MSI-H more frequently than
those with low-grade dysplasia.

The gain of instability with tumor progression could be
shown in cases in which large adenomas showed only
small microinvasive carcinomas (carcinoma in ade-
noma). Whereas in 3 of 4 (microinvasive) carcinomas at
least 5 of 6 microsatellites were affected this was only the
case in 3 of 11 preinvasive dysplastic lesions. Although
not laser microdissected, 8 of 17 (47%) carcinomas dis-
played instabilities at all five tested microsatellite loci that
could only be detected in 3 of 18 (17%) adenomas after
manual dissection.

However, even after laser microdissection two adeno-
mas appear not to follow the mutator pathway, showing
MSS and expression of all MMR proteins, even though
the carcinoma in those patients revealed a loss of MMR
proteins (one MSH2, one MLH1). It is unclear whether
these adenomas have a different pathway of molecular
carcinogenesis or whether they represent very early
stages of the lesion before the second MMR allele is
deleted. This hypothesis is supported by the MSI-H ad-
enoma with only partial loss of MSH2 expression. Low-
level MSI may thereby form a transitional stage between
MSS and MSI-H status as shown by lino and col-
leagues.®® This is in accordance to our case (case 12)
consistently showing BAT40 instabilities at different ade-
noma sites but only one dinucleotide mutation. Most im-
portantly in this case just 1 of 22 evaluable coding MS loci
showed a mobility shift demonstrating early intralesional
heterogeneity with stepwise development of MSI. Ac-
cording to the original Bethesda guidelines this case
would have been classified as MSI-L.'® However, as
outlined by the revised Bethesda (II) recommendations
mononucleotide instabilities (eg, at BAT40 or MYCL1)
indicate a MMR-related MSI-H lesion particularly in those
cases in which dinucleotide repeats of the original five-
NCI primer panel are affected.*® In contrast, the one
above-mentioned adenoma that turned out to be MSI-L
even after laser microdissection is most likely not related
to the known MMR related forms of HNPCC showing
selective dinucleotide instabilities and no loss of MMR
genes. Presumably this case represents a true MSI-L
lesion that will most probably not progress to MSI-H and



thus belongs to the third molecular pathway of non-MIN
and non-CIN type.50-52:53

In summary, MSI analysis of tumors, especially adeno-
mas, is challenging because of the lesional heterogeneity
that can be reduced by laser microdissection. Immuno-
histochemical staining can be used to confirm the MSI
data and to avoid false-negative results, which could lead
to a failure to identify a patient with a MMR deficiency,
thereby excluding him/her from the more intense screen-
ing and surveillance.

Appendix

The German HNPCC-Consortium consists of the follow-
ing centers (in alphabetic order): clinical centers in Bo-
chum (in addition to author: Frank Brasch, Joérg T.
Epplen, Stefan Hahn, Erdmute Kunstmann, Christian Pox
Jorg Willert), Bonn (in addition to authors: Constanze
Pagenstecher, Waltraut Friedl, Holger Lauschke,
Andreas Hirner, Christof Lamberti, Peter Propping, Til-
man Sauerbruch), Dusseldorf (in addition to author: Gab-
riela Moslein), Dresden (in addition to authors: Daniela E.
Aust, Friedrich Balck, Ruth Hohl, Friedmar R. Kreuz, Ste-
fan Krager, Steffen R. Pistorius, Jens Plaschke), Heidel-
berg (in addition to authors; Peter Kienle, Hanns-Peter
Knaebel, Miriam Tariverdian, Uta Mazitschek, Friedrich
Cremer, Monika Keller, Magnus von Knebel-Doeberitz),
Munchen-Regensburg (in addition to author: Manfred
Gross, Reinhard Kopp, Peter Lohse, Michael Muders,
Yvonne Muller-Koch, Holger Vogelsang), the center for
reference pathology Kassel (in addition to author: Ernst
Heinmaller), and the center for documentation and biom-
etry in Leipzig (in addition to author: Jochen Forberg,
Marlies Herold, Markus Loffler).
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