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Histopathological assessment of myxofibrosarcoma may be difficult, especially on the basis of a small core
biopsy, which enables only a crude evaluation of grade and prognosis. We have tested the hypothesis that
determination of cell cycle state may assist in the diagnostic assessment of myxofibrosarcoma. We have
studied 51 cases of high-grade (n¼ 20), intermediate-grade (n¼ 21), and low-grade (n¼ 10) myxofibrosarcomas,
as well as nine cases of benign myxoma. Cell cycle state within tumors was determined by immunostaining for
the recently described marker minichromosome maintenance protein 2 (MCM2), together with Ki67. Labelling
indices for both markers were correlated with tumor grade, mitotic index, and time to first recurrence. The
MCM2 labelling indices were significantly higher than the Ki-67 labelling indices. Both indices showed a
significant correlation with the mitotic index and both showed significant increases with increasing grade of
myxofibrosarcoma. The MCM2 labelling index (but not the Ki67 labelling index) showed a significant inverse
exponential correlation with the time to first recurrence. Myxoid and cellular areas showed no difference in the
MCM2 and Ki-67 labeling index, suggesting that clinically useful information could be obtained from any
component of a myxofibrosarcoma sampled in a needle biopsy and/or cytological specimen. We therefore
suggest that assessment of cell cycle state may be a useful diagnostic adjunct in the histopathological
assessment of myxofibrosarcoma, by enabling more accurate determination of grade and prediction of
outcome.
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Myxofibrosarcoma is a common soft-tissue
neoplasm, which most frequently occurs in the
subcutaneous extremities of the elderly. Myxofibro-
sarcoma is regarded as a malignant fibroblastic
lesion with nodular growth and variable myxoid
stroma. Higher grades are equivalent to the myxoid
variant of malignant fibrous histiocytoma.1 Mortal-
ity related to the tumor is low, although there is a
very high rate of local recurrence, with at least 61%
of cases being reported to recur locally.1–3 Mentzel et
al3 have described a three-tier grading system, with
high, intermediate, and low -grades of myxofibro-
sarcoma. However, grading of myxofibrosarcoma
can be a difficult exercise, especially in a small
needle biopsy where only the myxoid component
may be present.4

Here, we have tested the hypotheses that evalua-
tion of the cell cycle state of myxofibrosarcoma
tumors may facilitate the assessment of grade in
needle biopsies and/or cytological specimens and
may also be predictive of outcome. In order to obtain
an accurate indication of cell cycle state in myxofi-
brosarcoma, we have examined the expression of
minichromosome maintenance (MCM) protein 2,
which is a member of the prereplicative complex5–7

that serves as an essential licensing factor for DNA
replication in eukaryotic cells.8 MCM proteins are
detectable throughout the cell cycle but are lost in
quiescence and differentiation. We have previously
shown that expression of MCM proteins is a
characteristic of dysplastic and malignant cells,
and that antibodies against MCM proteins enable
the identification of more cells in cycle than the
existing proliferation markers Ki67 and proliferating
cell nuclear antigen (PCNA).9,10 In all of our studies
to date, antibodies against different MCM proteins
have produced essentially identical results.

In the current study, we have quantified the
expression of MCM2 and Ki67 in 51 cases of
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myxofibrosarcoma (20 high grade, 21 intermediate
grade and 10 low grade) and nine cases of intramus-
cular myxoma. We have correlated MCM2 and Ki67
labelling indices with grade and mitotic index of
myxofibrosarcoma and, for those tumors for which
we could obtain follow-up data, with the time to
local recurrence.

Materials and methods

Clinical Specimens

Paraffin blocks of 51 cases of myxofibrosarcoma and
nine intramuscular myxomas were obtained from
the files of the Royal Marsden Hospital. The cases of
myxofibrosarcoma were divided into low, inter-
mediate, and high-grade, according to the criteria
of Mentzel et al.3 A separate mitotic count was
performed on at least 10 high-power fields
(1 hpf¼ 0.16mm2) by a single observer. Follow-up
data, including details of local recurrence, were
available for 20 myxofibrosarcoma cases from the
Royal Marsden Hospital database. No follow-up data
were available for the other 31 myxofibrosarcoma
cases, most of which were from patients treated in
distant centers. The myxofibrosarcoma sections
were stained by immunohistochemistry for the
expression of MCM2 and Ki67, and the myxoma
specimens were stained for the expression of
MCM2.

Immunohistochemistry

Paraffin sections, 5 mm thick, were cut onto amino-
propyltriethoxysilane-coated slides, dewaxed in
xylene, and taken through a series of ethanols to
water. The tissues were pressure-cooked in 0.08M
citrate buffer for 2 or 10min for antigen retrieval.
Following washes in Tris-buffered saline (TBS),
endogenous peroxidase activity was quenched by
incubation in 0.6% hydrogen peroxidase in TBS for
30min. Sections were then washed in TBS and
blocked with 10% goat serum (DAKO, Ely, UK) in
TBS for 2h.

Antibodies were diluted in TBS containing 1%
BSA and 0.1% Triton x-100. A volume of 100 ml of
antibody was added to each section, and the slides
were incubated at 41C overnight in a humidified
chamber. Optimal staining was found with anti-
MCM-2 hybridoma supernatant at 1:15 and with
anti-Ki67 (MIB-1, Immunotech) at 1:100.

The slides were then washed in TBS containing
0.025% Triton X-100 and incubated for 1 h with
biotinylated goat anti-rabbit secondary antibody
(DAKO). A streptavidin–horseradish peroxidase
system (DAKO) with the substrate diaminobenzi-
dine was used to develop the stain. The stains were
lightly counterstained with Harris’ hematoxylin,
dehydrated in ethanol, and cleared in xylene.

Coverslips were applied with DEPEX mounting
medium (Gurr, BDH, Poole, Dorset, UK).

Quantification of Immunohistochemical Staining

A quantitative indication of the extent of staining
was obtained for each case by calculating the
proportion of cells expressing MCM2 and Ki67 in
randomly selected microscopic fields. Between 500
and 1000 nuclei were assessed per case by a single
observer. Results were expressed as a labelling
index, being the percentage of nuclei in representa-
tive microscopic fields that were positively stained.
In six randomly selected cases of myxofibrosarcoma
(three high-grade and three intermediate-grade), a
comparison was made between the labelling indices
in the myxoid and cellular areas of stained sections.

Statistical Analysis

Differences between MCM2 and Ki67 labelling
indices, and between labelling indices in myxoid
and cellular areas of individual sections were
assessed using the nonparametric Wilcoxon signed
rank test. Differences in labelling indices between
grades of myxofibrosarcoma were assessed using the
Mann–Whitney U–test. In all cases, the P values
were two-tailed. The correlations between labelling
indices, mitotic index, and time to recurrence for
each grade of myxofibrosarcoma were evaluated
using Spearman’s correlation coefficient.

Results

The 51 cases of myxofibrosarcoma comprised 20
high-grade (39%), 21 intermediate-grade (41%), and
10 low-grade (20%) tumors. The mean patient age
was 66 years (range 40–93 years) and the female:
male ratio was 1.1:1. Data on site of occurrence were
available for 44 cases: 33 (75%) of these occurred in
proximal or distal limbs, with the remainder
occurring in trunk, head and neck, and retroperito-
neum.

All cases of myxofibrosarcoma showed strong
nuclear expression of MCM2 (Figure 1) and Ki67,
with no variation in labelling indices in different
regions of individual tumors. In particular, the
myxoid and cellular areas of the myxofibrosarcoma
tumors showed no significant difference in the
MCM2 labelling index or Ki67 labelling index
(P¼ 0.125 for both). In all myxofibrosarcoma
tumors, the MCM2 labelling index was higher than
the Ki67 labelling index (Table 1, Po0.001). The
mitotic index showed a strong correlation with the
MCM2 labelling index for all myxofibrosarcoma
grades and for the myxofibrosarcoma tumors as a
group (Figure 2, r¼ 0.763, Po0.001). There was also
a correlation between the mitotic index and the Ki67
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labelling index for the myxofibrosarcoma tumors as
a group (r¼ 0.815, Po0.001).

The MCM2 and Ki67 labelling indices increased
with increasing grade of myxofibrosarcoma (Figure 2).

There were significantly higher labelling indices for
MCM2 and Ki67 in high-grade compared to inter-
mediate-grade myxofibrosarcomas and in intermedi-
ate-grade compared to low-grade myxofibrosarcomas

Figure 1 Histology and immunohistochemical demonstration of MCM2 in myxofibrosarcoma; (a,b) high-grade myxofibrosarcoma, (c,d)
intermediate-grade myxofibrosarcoma, (e,f) low-grade myxofibrosarcoma.

Table 1 Medians and interquartile (IQ) ranges for MCM2 labelling index (LI) Ki67 labelling index (LI), mitotic rate (1hpf¼0.16mm2)
and evidence of local recurrence

High grade Intermediate grade Low Grade Myxoma

Total number 20 21 10 9
MCM LI 0.75 0.57 0.27 0.04
(median and IQ range) 0.64, 0.89 0.46, 0.67 0.13, 0.33 0.03, 0.05

Ki67 LI 0.51 0.32 0.10 —
(median and IQ range) 0.42, 0.58 0.20, 0.38 0.05, 0.14 —

Mitotic rate /10hpf 23.5 8 1 —
(median and IQ range) 16, 46 5, 13 0, 1 —

Number with available follow-up data 5 12 3 —
Time to first recurrence (months) 11 24 60 —
(median and range) 2–36 4–72 24–96 —
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(Po0.001 in all cases). There was no overlap between
the MCM2 or Ki67 labelling indices for high-grade
and low-grade myxofibrosarcoma (Figure 3). The
MCM2 labelling index was significantly higher in
low-grade myxofibrosarcoma compared to myxoma
(Po0.001).

We were able to obtain follow-up data for 20 cases
of myxofibrosarcoma. In all of these cases, local
recurrence had occurred, over a period that ranged
from 2 to 96 months. There was no significant
correlation between the time to recurrence and the
Ki67 labelling index (r¼�0.29, P¼ 0.214) or the
mitotic index (r¼�0.378, P¼ 0.10). In contrast,
there was an inverse exponential correlation be-
tween the time to recurrence and the MCM2
labelling index (Figure 4) (r¼�0.559, P¼ 0.01).
Indeed, all tumors showing MCM2 labelling index
values above 0.50 (n¼ 11) recurred in less than 3
years.

Discussion

MCM2 is a component of the prereplicative com-
plex,7 that is an essential licensing factor for DNA
replication and which limits replication to once per
cell cycle.8,11 MCM proteins are highly sensitive and
specific markers of cells that are in cycle (regardless
of the rate of cycling) and therefore indicate the cell
cycle state within a tissue. In all of our studies to
date, staining for MCM proteins has identified a
higher percentage of cells in normal, dysplastic, and
neoplastic tissues than have the traditional prolif-
eration markers Ki67 and PCNA.9,10

The results of our present study suggest that
determination of cell cycle state may help in
assessment of grade in myxofibrosarcomas, particu-
larly in needle biopsies or cytological specimens in
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Figure 2 Comparison of mitotic index and MCM2 labelling index
(LI) in myxofibrosarcoma (cc¼ 0.763, Po0.001, 1¼ low grade,
2¼ intermediate grade, 3¼high grade). Mitotic index represents
the number of mitoses per 10 high-power fields (1hpf¼
0.16mm2).
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Figure 3 MCM2 and Ki67 labelling indices for each grade of
myxofibrosarcoma. Horizontal line¼median; box¼ interquartile
range.
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Figure 4 Comparison of MCM2 labelling index and time to
recurrence in different grades of myxofibrosarcoma (cc¼�0.559,
P¼ 0.01, 1¼ low grade, 2¼ intermediate grade, 3¼high grade).
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which only small numbers of neoplastic cells may
be present. Both the MCM2 labelling index and the
Ki67 labelling index appear to provide useful
information in myxofibrosarcoma, although the
MCM2 labelling index is of particular value.

Our series of myxofibrosarcomas contained a
higher percentage of intermediate-grade tumors (41
vs 24%) and a lower percentage of high-grade
tumors (39 vs 56%) than previously reported series,3

although there was no difference in the frequency of
low-grade tumors (20%). In all grades of myxofi-
brosarcoma examined, the MCM2 labelling index
was significantly higher than the Ki67 labelling
index. Both the MCM2 labelling index and the Ki67
labelling index were significantly higher in increas-
ing grades of myxofibrosarcoma, the Ki67 data
confirming the previous findings of Mentzel et al.3

We observed no overlap of the MCM2 or Ki67
labelling index values between high-grade and low-
grade myxofibrosarcomas. Indeed, our results sug-
gest that determination of the MCM2 labelling index
for an individual case would enable the assignment
of that case into a high- or intermediate-grade
category (MCM2 labelling index greater than 0.5)
or into a low- or intermediate-grade category (MCM2
labelling index less than 0.5). An investigation of the
reproducibility of this finding in an independent
series of specimens is warranted.

Our data also suggest that determination of the
MCM2 labelling index would be of value in the
assessment of needle biopsies and/or cytological
samples from myxofibrosarcoma tumors. We ob-
served that the MCM2 labelling index and Ki67
labelling index were uniform across sections of
individual myxofibrosarcoma lesions. In particular,
the myxoid and cellular areas of high- and inter-
mediate-grade myxofibrosarcoma showed no signif-
icant difference in MCM2 or Ki67 labelling indices.
Determination of these labelling indices may there-
fore be of use in the grading of small needle biopsies
and cytological samples from myxofibrosarcoma
tumors, in which either myxoid or cellular regions
may be sampled and where a relatively low number
of nuclei may be available for staining.4

Analysis of cell cycle state may be of less value in
assisting in the differential diagnosis of low-grade
MFS from benign myxoma. This can be a difficult
exercise morphologically, especially for those myx-
omas showing increased cellularity and vascularity.2

Although significantly higher MCM2 labelling in-
dices were seen by us in low-grade myxofibrosarco-
mas compared to benign myxomas, there was
overlap of the labelling index values for the two
specimen groups. All cases with MCM2 labelling
index of less than 0.04 in our study were myxomas
rather than low-grade myxofibrosarcoma, although
these tumors represented only three of the nine
myxomas studied.

We have also demonstrated in this study that
determination of MCM2 labelling index may facil-
itate prediction of outcome in myxofibrosarcoma.

Our observations that the Ki67 labelling index and
mitotic index are not predictive of outcome are
supportive of findings from earlier studies. In a
previous investigation of lesions designated malig-
nant fibrous histiocytoma, the Ki67 labelling index
was observed to correlate with histological grade but
not with prognosis12 and Mentzel et al3 found no
association between the clinical course of myxofi-
brosarcoma and tumor grade or Ki-67 labelling
index.3 In contrast to these findings, we observed a
significant inverse correlation between the MCM2
labelling index and the time to first recurrence of
myxofibrosarcoma. In our study, all myxofibrosar-
coma tumors with an MCM2 labelling index above
0.5 (ns¼ 11) recurred within 3 years of the initial
diagnosis. We believe that a prospective analysis of
the utility of MCM2 immunostaining in predicting
outcome in myxofibrosarcoma is indicated.

In conclusion, we have shown that assessment of
cell cycle state using antibodies against MCM2 or
Ki67 may be of value in the histopathological
examination of myxofibrosarcoma. Both markers
may assist with the prediction of grade in needle
biopsies or cytological specimens from myxofibro-
sarcoma tumors, regardless of which lesional com-
ponent is sampled. In addition, immunostaining for
MCM2 may facilitate the prediction of the clinical
course of individual tumors. Further testing of the
hypothesis that analysis of cell cycle state may be of
value in the diagnostic assessment of myxofibrosar-
coma is now warranted.
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