
Abstract. Background/Aim: Comparison of the expression of
Ki-67, MCM3, 5, 7 and MTI/II proteins using immuno -
histochemistry (IHC) on whole section (WS) and tissue
microarray (TMA) of laryngeal squamous cell carcinoma
(LSCC) samples. Materials and Methods: A total of 51 archival
paraffin blocks of LSCC were used. TMAs were prepared from
1.5 mm core punches. IHC reactions were performed using
antibodies against Ki-67, minichromosome maintenance
proteins (MCM3, 5, 7) and metallothionein (MTI/II). Results:
Spearman rank correlation test revealed moderate positive
correlation in the case of Ki-67: WS vs. TMA (r=0.38, p=0.07)
and strong positive correlation in regard to the rest of tested
markers: MCM3, WS vs. TMA (r=0.49, p=0.0004); MCM5, WS
vs. TMA (r=0.61, p<0.0001); MCM7, WS vs. TMA (r=0.59,
p<0.0001); MTI/II, WS vs. TMA (r=0.66, p<0.0001). Mann
Whitney U-test showed no significant differences in the case of
Ki-67 and MCM5. Moreover, Bland-Altman test showed a low
level of bias in regard to Ki-67, WS vs. TMA and MCM5, WS
vs. TMA. Conclusion: TMA may be an effective and reliable
method of assessment of Ki-67 and MCM5 expression in LSCC.

Over the last two decades, the tissue microarray (TMA)
technique has developed and became a commonly used
research tool to estimate associations between biomarkers and
clinicopathological factors associated with cancer
development (1, 2). TMAs were first described by H. Battifora
in 1986, and then in 1998 J. Kononen and collaborators
developed a device for fast and repeatable production of
TMAs. Since then, this technique has been increasingly used
in cancer research (3, 4). The technique utilizes small (0.6 to
2.0 mm in diameter) histological tissue samples in the form of
core tissue biopsies, taken from selected regions of paraffin
donor blocks, and placed in recipient array paraffin block (5).
As a result, we can obtain a slide, containing samples from
dozens to hundreds of patients.

TMA is a cost-effective and highly efficient method to
analyze archived materials and has been approved and
verified for use in the diagnosis of many cancers. The use of
TMAs combined with immunohistochemistry (IHC), the
gold standard in detecting biomarkers in many cancers, may
be a valuable approach for the validation of the predictive
and diagnostic usefulness of different cancer biomarkers.

Over the last years, researchers have tested different markers
by the TMA method, which could be useful in the analyses of
many cancers. Ki-67 protein is commonly used in diagnostic
histopathology as a proliferation marker that is observed in all
phases of the cell cycle. In laryngeal cancers, its increased
expression indicates the biological aggressiveness and
histological grade of the malignancy (6, 7). Many studies have
shown that Ki-67 is a prognostic marker in many human cancers
such as: breast, prostate, soft tissue sarcoma, meningiomas, non-
Hodgkin lymphoma and other (7). Minichromosome
maintenance proteins (MCM) are a group of recently
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investigated cancer markers, which form a complex that controls
the once per cell cycle DNA replication (6, 8, 9). The MCM
complex consists of six members, MCM2 to MCM7, which are
observed only in dividing cells, while they are absent in resting,
differentiating and senescent cells (6, 10, 11). MCM2-7 are
members of the pre-replication complex, which binds to
replication initiation sites, and due to its helicase activity, allows
the process of DNA synthesis (6, 12, 13). Additionally, recent
studies have shown increased expression of MCMs in cancers,
speculating on their superiority over the routinely tested Ki-67
(6, 14-16). Many studies have revealed that metallothioneins I/II
(MTI/II) are also engaged in the control of cell division and
differentiation. It has been shown that MTI/II may stimulate cell
proliferation by contributing zinc ions to enzymes involved in
DNA replication, as well as by binding toxic metal ions such as
cadmium, mercury and lead (6, 17, 18).

There are few studies that have used the TMA method for
the detection of biomarkers in laryngeal squamous cell cancer
(LSCC) and there are no data available on the validation of
TMAs in these tumors. To our knowledge, we are the first to
verify reproducibility and repeatability of proliferation
markers characteristic for LSCC progression on TMAs. The
aim of our study was to compare TMA results with those of a
traditional assessment in whole tissue sections.

Materials and Methods
Patients. The study was conducted on material from 51 archival
paraffin blocks containing LSCC obtained samples from patients

operated in 1997-2003 in the J. Babinski Regional Hospital in Wroclaw.
The study was approved by Wroclaw Medical University Bioethical
Commission (ID No. KB-343/2012). The mean age of patients in the
group was 60 years (range=39-79 years). Grade of malignancy (G) and
clinical stage of disease were based on TNM classification determined
according to the guidelines of the International Union Against Cancer
(UICC). The available clinicopathological characteristics of patients are
shown in Table I.

Tissue samples and TMA construction. Initially, paraffin blocks were
cut to conduct hematoxylin and eosin (HE) staining as well as to
prepare sections for IHC reactions on whole sections (WS). The HE
stained slides were examined by two independent pathologists, under
a light microscope (BX42; Olympus, Tokyo, Japan). Subsequently,
the HE slides were scanned using the Pannoramic Midi II histological
scanner (3DHistech, Budapest, Hungary). Using the Pannoramic
Viewer Program (3DHistech), 3 representative cancer sites with a
core size of 1.5 mm were selected, followed by their transfer to the
tissue recipient arrays using the TMA Grand Master (3DHistech).

IHC. Immunohistochemical reactions were performed on paraffin
sections (4 μm) mounted on Superfrost Plus slides (Menzel Gläser,
Braunschweig, Germany) for WS as well as TMA sections.
Deparaffinization, hydration and thermal demasking of epitopes were
performed using Pre-Treatment Link Station (Dako, Glostrup,
Denmark). The slides were incubated for 20 min at 97˚C with Target
Retrieval Solution (low pH for Ki-67 and high pH for MCM3, 5, 7
and MT I/II; Agilent Technologies, Santa Clara, CA, USA) in PT Link
Rinse Station. The sections were then washed in Tris-buffered saline
and incubated with primary antibodies: anti-Ki-67 (MIB-1, 1:100;
Dako), anti-MCM3 (101, 1:50; Novocastra Laboratories, Newcastle,
UK), anti-MCM5 (E-10, 1:100; Santa Cruz Biotechnology, Dallas, TX,
USA) anti-MCM7 (DCS-141.1, 1:50; Leica Biosystem, Buffalo
Grove, IL, USA) and anti-MTI/II (E9, 1:100; Dako) in a Link48
Autostainer (Dako; room temperature, 20 min). EnVision FLEX
(Dako) was used for visualization of the antigens, in accordance with
the manufacturer’s instructions.

Evaluation of the IHC reaction. Two independent pathologists
conducted the evaluation separately. The intensity of Ki-67, MCM3,
MCM5 and MCM7 expression was determined with the use of a
five-point scale (0 - no expression, 1 point – 1-10%, 2 points – 11-
25%, 3 points – 26-50%, 4 points >50%) (6). For the estimation of
MTI/II cytoplasmic levels, the semiquantitative Immunoreactive
Score (IRS) method was used according to Remmele and Stegner
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Table I. Clinicopathological characteristics of patients with laryngeal
squamous cell cancer.

Clinicopathological parameter n=51, (%)

Age
≤60 25 (49)
>60 26 (51)

Gender
Male 43 (84)
Female 8 (16)

Tumor size (T)
T1-T2 7 (14)
T3-T4 44 (86)

Lymph nodes (N)
N0 29 (57)
N1 7 (14)
N2-3 15 (29)

Stage of clinical advancement (S)
I-II 4 (8)
III-IV 47 (92)

Grade of malignancy (G)
G1 11 (21)
G2 27 (53)
G3 13 (26)

Table II. The scale assessing the levels of MTI/II expression in laryngeal
squamous cell cancer (19). Final results consist of A×B value.

Points Percentage of cells Points Ιntensity of
(A) with positive reaction (B) the color reaction

0 0% 0 No
1 1%-10% 1 Poor
2 11%-50% 2 Average
3 51%-80% 3 Strong
4 >80%



(19) (Table II). For the evaluation of Ki-67, MCM3,5,7 and MTI/II
expression on WS as well as on TMA, three fields with the highest
marker expression were chosen (hot spot) and the estimation was
performed under ×400 magnification using the BX42 light
microscope (Olympus). The final result for each sample was an
average of three hot spot percentages.

Statistical analysis. All statistical analyses were performed using
GraphPad Prism 5 (GraphPad, San Diego, CA, USA).
Kolmogorov-Smirnov test was used to check the normality of the
distribution. The Spearman rank correlation test was used to
evaluate the associations between the tested markers. By Mann
Whitney U-test differences in expressions were examined, whereas

Bland-Altman test was used to reveal the level of bias between the
two tested techniques, i.e. WS vs. TMA. p-Values <0.05 indicated
statistical significance.

Results

In all analyzed LSCC samples (WS and TMA) clear nuclear
IHC expression was disclosed for Ki-67 antigen (Figure 1A,
B), as well for MCM3, 5, 7 (Figure 1C, D, E), and
cytoplasmic expression for MTI/II (Figure 1F).

The Spearman rank correlation test revealed moderate
positive correlation in regard to Ki-67 expression: WS vs.
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Figure 1. The expression of the tested markers on TMA sections: A) Ki-67 antigen in control tissue (papilloma) and B) in laryngeal squamous cell
cancer (LSCC); minichromosome maintenance proteins in LSCC: C) MCM3, D) MCM5, E) MCM7 and F) metallothionein I/II (MTI/II).



TMA (r=0.38, p=0.007; Figure 2A), and strong positive
correlation in regard to the rest of tested markers: MCM3, WS
vs. TMA (r=0.49, p=0.0004; Figure 3A); MCM5, WS vs.
TMA (r=0.61, p<0.0001; Figure 4A); MCM7, WS vs. TMA
(r=0.59, p<0.0001; Figure 5A); and MTI/II WS vs. TMA
(r=0.66, p<0.0001; Figure 6A).

The Mann Whitney U-test showed significant differences
between the mean expression of MCM3 (p<0.01; Figure 3B),
MCM7 (p<0.0001; Figure 5B) and MTI/II (p<0.0001; Figure

6B) in WS vs. TMA. In the case of Ki-67 and MCM5,
differences were insignificant (Figures 2B and 4B,
respectively). Moreover, only in regard to MTI/II analysis,
the mean expression on WS was stronger than that on TMA
(Figure 6B).

The Bland-Altman test revealed a low level of bias
(<10%) in regard to Ki-67, TMA vs. WS (bias -0.30, SD of
bias 1.14; Figure 2C), and MCM5, TMA vs. WS (bias -0.02,
SD of bias 0.97; Figure 4C). Moderate level of bias (10-
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Figure 2. The expression of Ki-67 antigen in whole section (WS) and
tissue microarray (TMA): A) Spearman rank correlation test, B) Mann-
Whitney U-test and C) Bland-Altman test. SD: Standard deviation.

Figure 3. The expression of MCM3 antigen in whole section (WS) and
tissue microarray (TMA): A) Spearman rank correlation test, B) Mann-
Whitney U-test and C) Bland-Altman test. SD: Standard deviation;
*p<0.01.



20%) was revealed in regard to MCM3, TMA vs. WS (bias
-0.57, SD of bias 1.07; Figure 3C), whereas high level of
bias (>20%) was found for MCM7, TMA vs. WS (bias -
1.14, SD of bias 0.87; Figure 5C), and MTI/II, TMA vs. WS
(bias 2.48, SD of bias 2.79; Figure 6C).

Discussion

In recent years, the TMA technique has been commonly
used to evaluate various biomarkers for their diagnostic
potential abilities (of molecular alteration) in different
cancers (20-23). TMAs allow the analysis of many tissue

specimens using uniform experimental conditions;
therefore, its use has been validated in many cancers by
comparing the expression of specific proteins on whole
tissue sections with TMA (5, 20-22). Researchers are still
trying to optimize and improve the TMA technique and
claim that it has many advantages and disadvantages. In
this study, we examined the expression of Ki-67, MCM3,
5, 7 and MTI/II and analyzed the correlation among these
markers in whole tissue sections and TMAs. The
Spearman’s correlation showed moderate correlation in the
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Figure 4. The expression of MCM5 antigen in whole section (WS) and
tissue microarray (TMA): A) Spearman rank correlation test, B) Mann-
Whitney U-test and C) Bland-Altman test. SD: Standard deviation. Figure 5. The expression of MCM7 antigen in whole section (WS) and

tissue microarray (TMA): A) Spearman rank correlation test, B) Mann-
Whitney U-test and C) Bland-Altman test. SD: Standard deviation;
***p<0.0001.



case of Ki-67 in WS vs. TMA and strong positive
correlation in regard to MCM3, 5, 7 and MTI/II in WS as
well as in TMAs. The Man-Whitney test revealed that the
nuclear expression of the tested antigens was stronger on
TMAs material with regard to nuclear expression, while
cytoplasmic expression of MTI/II was stronger in WS
material. We also used the Bland-Altman method in order
to compare the obtained results. We noticed low level of
bias in the cases of Ki-67, as well MCM5, TMA vs. WS,
moderate in regard to MCM3 and high level of bias for
MCM7 and MTI/II, which may indicate some limitations
and imperfections of the compared methods.

One of the most known limitations of TMA is the small
size of the core used for construction of TMA, which may
not precisely represent the features of the whole tissue
section especially because of the heterogeneity of the cancer
lesions and the different expression patterns. For these
reasons, may not be a proper technique for some biomarkers
(1, 2, 20, 24, 25). Some studies have indicated
incompatibility between whole section and TMA, which may
be due to the heterogeneity in neoplastic lesions (21, 25).
However, many studies have shown good concordance rate
between TMA and WS.

Chavan et al. have compared expression of ER, PR and
Her2/neu markers in WS and TMA and observed good
concordance between the tested methods. The rates for
ER, PR, Her2/neu were 76.2%, 82.1% and 100%,
respectively, all statistically significant (25). Similarly,
Gulbahce et al. have confirmed the capability of
determining the expression of ER in WS and TMA, with
only 5.5% discrepancy. They claimed that the discrepancy
between WS and TMA could be reduced if more cores
from individual cases were available (21). Also, in our
previous study, we showed no significant differences
between the expression of Ki-67 and MCM2 in WS and
TMA in ductal breast cancer (11), which are in
concordance with this study.

Thus, the usefulness of TMAs has been verified in many
cancer types by comparison of the expression of certain
biomarkers in TMA core biopsies specimens with their
expression in whole tissue sections of the donor blocks by
IHC (5). The current TMAs were constructed using cores,
ranging from 0.6-2.0 in diameter, of tissue punched from
donor blocks (1, 5, 26). In our study, we used a core size of
1.5 mm, which is claimed to be better than smaller size cores
(1). However, some authors claim that a bigger size can
accelerate depletion of the donor block (26), which we also
observed in some cases.

Conclusion

In summary, in this study we obtained a good concordance
between the expression of the tested markers on WS and
TMA. We estimated and validated for the first time the
TMA method in LSCC. We compared IHC results for Ki-
67, MCM3, 5, 7 proliferation markers and MTI/II on WS
and TMA. Taking into account the Mann-Whitney and
Bland-Altman tests, the repeatability of our results was
satisfactory for Ki-67 and MCM5. Therefore, it is
reasonable to reevaluate the obtained results on a larger
group of cases, and other punch diameters. Since, we
observed insignificant differences between Ki-67 and
MCM5 with regard to the tested methods, we suggest that
TMA may be an effective and reliable method for evaluating
these biomarkers in LSCC.
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Figure 6. The expression of MTI/II in whole section (WS) and tissue
microarray (TMA): A) Spearman rank correlation test, B) Mann-
Whitney U-test and C) Bland-Altman test. SD: Standard deviation;
***p<0.0001.
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