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treated participants, 72 received sevelamer alone and
7 received sevelamer and calcium carbonate. All par-
ticipants in the calcium-carbonate arm received cal-
cium carbonate only. Adverse events were constipa-
tion (n = 2) in the sevelamer arm and persistent
increases in serum calcium levels (> 11 mg/dL; n = 5)
in the calcium-carbonate arm.

The 2 groups were similar in baseline characteris-
tics (Table 1). Coronary artery disease at study entry
included previous myocardial infarction, history of
coronary angioplasty and/or stent placement, angina
pectoris, evidence of coronary atherosclerotic disease,
stroke, transient ischemic attack, and claudication.
Phosphate-binder use before study entry included
monotherapy with sevelamer or calcium carbonate,
their combination, and other phosphate-binder combi-
nations, such as calcium carbonate and calcium ac-
etate.

Coronary Artery Calcification

At baseline, 10 (11.6%) and 8 (9.7%) participants
in the sevelamer and calcium-carbonate arms had no
detectable coronary artery calcification, respectively.
During the 12-month treatment, absolute values for
CACS increased significantly in both groups (P <
0.001; Table 2). Analysis of covariance after adjusting
for baseline values showed that the mean change in
CACS was significantly smaller for the sevelamer
group (P < 0.001; Table 2). The proportion of partici-
pants with a =15% increase in CACS also was
significantly smaller for the sevelamer group (P =
0.002; Table 3; Fig 2), with a =15% increase in
CACS in 35% of the sevelamer group and 59% of the
calcium-carbonate group.

Biochemical Parameters

Baseline biochemical parameters were not different
between the groups at study entry (Table 2). During
treatment, serum albumin levels decreased signifi-
cantly in both groups (P = 0.001 for the sevelamer
and P = 0.002 for the calcium-carbonate groups).
Serum calcium levels showed no significant change in
either group (Table 2), whereas values at study comple-
tion were significantly higher for the calcium-carbon-
ate group (P = 0.002; Table 2; Fig 3). Serum phospho-
rus and calcium-phosphorus product values decreased
from baseline in both groups (P < 0.001; Table 2) and
were indistinguishable at study completion between
groups (Table 2; Fig 3). PTH and high-density lipopro-
tein cholesterol levels were unchanged in both groups.
LDL cholesterol levels decreased significantly in only
the sevelamer group (P < 0.001) and were signifi-
cantly lower for the sevelamer group at study comple-
tion (P < 0.001; Table 2). Plasma pentosidine levels
increased in only the calcium carbonate group (P <
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Table 3. Treatment Effect on CAC Progression in Subgroups
Defined by Baseline Variables

OR (95% CI) for =15%
No. Increase in CACS P

Intervention effect
Calcium carbonate 92  1.00 (reference)
Sevelamer 91 0.38(0.21-0.69) 0.002
Interaction between
intervention and each
variable
Sex 183 NA 0.5
Age (y) 183 NA 0.3
HD vintage (mo) 183 NA 0.3
Diabetes mellitus 183 NA 0.3
Baseline Ca x P (mg®/dL2) 183 NA 0.7
Baseline LDL cholesterol 183 NA 0.5
Baseline pentosidine 183 NA 0.1
Baseline CACS 183 NA 0.8

Note: ORs for a =15% increase from baseline CACS were
determined for the sevelamer and calcium-carbonate groups,
and that for the sevelamer group is presented using as reference
the OR for the calcium-carbonate group. Interaction between
intervention and each variable was determined, and P value is
presented for each variable.

Abbreviations: CAC, coronary artery calcification; CACS, coro-
nary artery calcification score; Ca X P, calcium-phosphorus
product; Cl, confidence interval; HD, hemodialysis; LDL, low-
density lipoprotein; NA, not applicable; OR, odds ratio.

0.001; Table 2; Fig 4), and analysis of covariance after
adjusting for baseline values showed that plasma
pentosidine levels were significantly higher in the
sevelamer group at completion of treatment (P <
0.001).

During the course of the study, suppression of PTH
(<150 pg/mL.) occurred at similar frequencies (38.0%
and 40.5% in the sevelamer and calcium-carbonate
groups, respectively; not significant). Increases in
LDL cholesterol levels (>120 mg/dL)) were more
frequent in the calcium-carbonate group (20.2% vs
15.2%; P = 0.001).

Treatment Effect Interacted With Each Variable on
CACS Progression

The treatment effect on the risk of a =15% increase
in CACS was analyzed using logistic regression.
Compared with calcium carbonate, sevelamer therapy
was associated with decreased risk of a =15% in-
crease in CACS (Table 3). We also evaluated effect
modification using cross-product terms (interaction
terms) in the model to test the relationship between
intervention and each variable (sex, age, HD vintage,
presence or absence of diabetes mellitus, baseline
LDL cholesterol level, baseline pentosidine level,
baseline CACS, or baseline calcium-phosphorus prod-
uct). There were no statistically significant interac-
tions (Table 3).

Am J Kidney Dis. 2011;57(3):422-431
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Figure 2. Distribution of participants according to percentage of increase from baseline coronary artery calcification score (CACS).
The vertical line represents a 15% increase in CACS. The percentage of participants with a =15% increase in CACS is indicated for

each group. Abbreviation: CaCOj, calcium carbonate.

DISCUSSION

This randomized trial showed that sevelamer and
calcium carbonate were equipotent in decreasing se-
rum phosphorus levels in HD patients, whereas
sevelamer resulted in a smaller increase in CACS.
Compared with calcium carbonate, sevelamer was
associated with decreased risk of progression of coro-
nary artery calcification regardless of sex, age, HD
vintage, CACS, and levels of serum calcium and
phosphorus, LDL cholesterol, and plasma pentosidine
at baseline.

For the study duration of 12 months, the increases
of 211 (95% confidence interval, 153-270) and 90
(95% confidence interval, 45-134) in CACS with
calcium carbonate and sevelamer, respectively, are
similar to the corresponding values of 484 and 37 in a
21-month trial,*® 37 and 0 in a 52-week trial,”® and 42
and 0 in an 18-month trial.* It deserves mention that
dialysis vintages of the present participants, 107 *

Am J Kidney Dis. 2011;57(3):422-431

86 and 119 = 94 months for the sevelamer and
calcium-carbonate arms, respectively, are longer than
the 68 = 64 and 55 + 64 months in Asmus et al,”* 69 +
65 and 58 + 66 months in Braun et al,?® and median
vintage of 3.6 and 2.9 years in Chertow et al.*® Thus,
our trial extends the previously described beneficial
effect of sevelamer on coronary artery calcification to
HD patients with a relatively longer vintage.
Sevelamer and calcium-carbonate therapy de-
creased serum phosphorus levels, with no significant
change in PTH levels. Serum calcium levels showed a
statistically insignificant increase and decrease with
calcium carbonate and sevelamer, respectively, result-
ing in a significant difference between groups at study
completion. Sevelamer was associated with decreased
risk of progression of coronary artery calcification
regardless of baseline serum calcium concentration.
Seminal in warning against calcium-based phosphate
binder—associated calcium intake were reports that
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Figure 3. Changes in serum calcium and phosphorus concen-
trations during treatment. Serum calcium and phosphorus con-
centrations were determined at study entry and every 2 weeks
thereafter during treatment. Values are mean = standard devia-
tion. Conversion factors for units: phosphorus in mg/dL to mmol/L,
X 0.3229; calcium in mg/mL to mmol/L, x0.2495. Abbreviation:
CaCO;, calcium carbonate.

dialysis patients with coronary artery calcification had
higher calcium intake than those without,” and cal-
cium-based phosphate-binder dose correlated posi-
tively with severity of arterial calcification.”' Cal-
cium-based phosphate binders were more likely than
sevelamer to cause low PTH level episodes, hypercal-
cemia,>®?** and decreased trabecular bone den-
sity.*® Our trial had more withdrawals for increased
serum calcium levels in the calcium-carbonate arm,
indicating the occurrence of calcium loading. How-
ever, in the present patients who completed the study
without hypercalcemic events, serum calcium levels
had no influence on the effect of sevelamer on the
progression of coronary artery calcification. More-
over, both binders resulted in similar incidences of
low PTH levels and no significant changes in PTH
levels. Thus, given that dialysate concentration was
the same and dietary calcium intake was not con-
trolled in the present trial, calcium loading with cal-
cium carbonate had a minor role in the difference
observed in the effect on coronary artery calcification,
except when so extreme to have precipitated hypercal-
cemia.

Only sevelamer decreased LDL cholesterol levels,
whereas calcium carbonate resulted in more frequent
increases in LDL cholesterol levels (>120 mg/dL).
Sevelamer’s effect on the risk of progression of coro-
nary artery calcification was not affected by baseline
LDL cholesterol level. Decreases in LDL cholesterol
levels commonly occur with sevelamer use®2%4344
and are explained because sevelamer shares the cat-
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ionic character of bile acid sequestrants*>*® and has a

cooperative high-capacity bile acid-binding ability.*’
The potential of lipid-lowering therapy on vascular
calcification was suggested first by the report that
statins decreased the volume of calcified plaques in
coronary arteries.*® Lipid-lowering therapy attenu-
ated the progression of coronary artery calcification in
patients with LDL cholesterol levels >130 mg/dL*°
and hypercholesterolemic postmenopausal women.*®
However, a recent trial showed that halving LDL
cholesterol levels using statins had no effect on the
progression of coronary artery calcification.>' In the
trials of sevelamer, the associations between coronary
artery calcification and LDL cholesterol level were
unsubstantiated,?® not significant,**> or inconclu-
sive.>® The benefit of lipid-lowering therapy in gen-
eral was documented when participants had mean
LDL cholesterol levels =120,*® >130,* or 175.3 *+
32.4 mg/dL.>® It is possible that the number of pa-
tients with baseline LDL cholesterol levels =120
mg/dL in the present study was too small to assess the
clinical significance of the LDL cholesterol-lowering
effect of sevelamer.

Plasma pentosidine levels increased in only the
calcium-carbonate group and were significantly higher
in the calcium-carbonate group at study completion.
Sevelamer therapy was associated with decreased risk
of progression of coronary artery calcification regard-
less of baseline plasma pentosidine concentration.
Pentosidine is a representative AGE often used as a
marker for AGEs.*>>* Initially believed to occur only
under a high carbohydrate milieu, pentosidine and
other AGEs are present in nondiabetic uremic patients
in concentrations higher than those in diabetic
patients.*>>*>® Formation of pentosidine and
N<(carboxyl-methyl)lysine, an AGE structure, in ure-
mia is driven by accumulating reactive carbonyl com-
pounds, >~ which are generated not only from carbo-
hydrates but also from polyunsaturated fatty acids
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Figure 4. Changes in plasma pentosidine concentrations
during treatment. Plasma pentosidine concentrations were deter-
mined at study entry, 6 months into the treatment, and study
completion, and the mean of each determination is presented.
No conversion necessary for pentosidine in nmol/mL and mmol/L.

. Abbreviation: CaCOj, calcium carbonate.
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through peroxidation®® and modify proteins to form
advanced lipoxidation end products.® Levels of these
products also are increased in uremia.”*®'®* A link
was presented for AGEs and vascular calcification
when increased plasma pentosidine levels were corre-
lated with severity of abdominal aorta calcification in
HD patients.*” Taki et al*® determined levels of circu-
lating pentosidine, N*(carboxyl-methyl)lysine, malon-
dialdehyde, and lipid peroxides along with traditional
cardiovascular risk factors and calcium overload in
HD patients and concluded that AGEs and oxidative
stress were associated with coronary artery calcifica-
tion independent of previously described risk factors.
An 18-year follow-up also showed a significant corre-
lation between increased circulating AGE levels and
increased cardiovascular and coronary disease mortal-
ity in nondiabetic women.®* Thus, the present prospec-
tive trial provided further evidence for the association
between AGE accumulation and progression of coro-
nary artery calcification. However, analysis after con-
trolling for pentosidine level change from baseline as
a covariate produced P = 0.661 for pentosidine level
and P = 0.001 for intervention, indicating that the
effect of the intervention is not mediated by the
change in pentosidine levels. It is possible that calcium-
based phosphate binder-associated calcium loading
entails AGE accumulation, resulting in enhanced cor-
onary artery calcification.

Multiple lines of evidence indicate that AGEs and
oxidative stress are involved in the pathogenesis of
cardiovascular disease.>*%>%7 Notably, atherogenesis
and vascular calcification were enhanced by uremia in
apolipoprotein E—deficient mice®®’® and attenuated
by oral sevelamer therapy, with decreases in serum
phosphorus and PTH levels and oxidative damage,
whereas levels of serum total cholesterol, calcium,
and uremic toxins were unaffected,”’ suggesting a
relationship between AGEs and the effect of sevelamer
on vascular calcification in uremia. However, because
the contribution of dietary AGEs to their plasma
levels has been documented,”*"* we cannot deny the
possibility that sevelamer decreased appetite and di-
etary AGE intake, resulting in decreased plasma pen-
tosidine levels.

Limitations of the present study were that treatment
duration was relatively short, treatment was open
label, some sevelamer-treated participants (7 of 79)
also received calcium carbonate, and statistical power
was 80%. Washout could not be performed because
participants were well informed of the risk of hyper-
phosphatemia and were unwilling to discontinue phos-
phate-binder therapy.

In conclusion, our findings extended the beneficial
effect of sevelamer to HD patients with relatively long
vintage and suggested a relationship between the

Am J Kidney Dis. 2011,57(3):422-431
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effect of sevelamer on the progression of coronary
artery calcification and suppression of AGE accumu-
lation.
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Molecularly targeted therapies require an adequate assess-
ment of molecular expression in cancer. Inmunofluorescent
staining is a better method to quantify protein expression
than immunohistochemistry (IHC), although the latter is cur-
rently used to score human epidermal growth factor recep-
tor 2 (HER2) and steroid receptors. The quantification of
signal intensity in IHC is still controversial. The advanced
technology of virtual slides permits digitizing a whole slide
image of immunofiuorescence for a few minutes. We have
established fluorescence-based, immunofluorescent quan-
tification digital slides (IQD), a method widely applicable in
routine practice. The IQD were made by scanning images of
formalin-fixed, paraffin-embedded sections and contained,
not only morphological information obtained from
hematoxylin-counterstains, but also immunofluorescent
signals. Assessing protein expression on IQD was carried
out using the original image analysis software and was
compared with the IHC score (HER2 and steroid receptors).
There was a statistically significant correlation between the
1QD and IHC scores. In addition, we compared IQD scores of
groups classified by IHC scores. The IHC intermediate-
expression groups were not statistically different from the
high, or negative-expression groups. Immunofluorescent
quantification digital slides may help pathologists to assess
molecular expression in cancer tissue, and resolve the
issue of scoring the intensity of brown signal on IHC slides.
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Since the development of molecular targeted therapy for
cancer, the quantitative assessment of protein expression in
tissue sections has become a daily task for pathologists.'?
Although the antigen-antibody interactions in immunohis-
tochemistry (IHC) are conventionally visualized with the 3,
3’-diaminobenzidine (DAB) chromogen, measuring stain
intensity and quantifying protein expression in the chromoge-
nic slides can occasionally be difficult. Immunofluorescent
staining is suitable for quantifying protein expression,® but the
staining is not preserved and it provides little information on
tissue morphology.

Virtual microscopy is an advanced technology that con-
verts microscopic glass slide images into digital slides. It has
been used for telepathology, consultation, education, tissue
microarray, etc.*” Recently virtual microscopy has made it
possible to preserve whole slide images of immunofluores-
cence, almost indefinitely.

We attempted to create an immunofluorescent quantifica-
tion digital slide (IQD), which contained, not only morphologi-
cal information obtained from hematoxylin-counterstains, but
also immunofluorescent signals. Quantum dots have been
successfully applied to IQD technology.®® Using 1QD, patholo-
gists can identify the context of a protein’s expression pattern
on the images of hematoxylin stains, as well as quantifying the
level of expression by analyzing immunofluorescent images.

MATERIALS AND METHODS
Specimen selection

After a pathological diagnosis paraffin-embedded tissue
blocks were obtained from the files of the Department of
Pathology, Keio University School of Medicine and Keio Uni-
versity Hospital. Cases of breast carcinoma that were scored
as 'negative, score 0’, were not selected.
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Figure 1 Preparation of immunofluorescent quantification digital
slides (IQD). All slides were stained with Mayer's hematoxylin that
enables pathologists to observe tissue morphology. Since the hema-
toxylin chromogen absorbed red emission of Qdoi655, when we
looked at nuclear antigens hematoxylin staining was carried out after
scanning the immunofluorescent images.

Preparation of IQD

Three-micron thick tissue sections were prepared from the
paraffin blocks for immunohistochemistry and immunofluo-
rescence. Sections were deparaffinized, and rehydrated
through graded alcohols and distilled water. Heat-induced
antigen retrieval was carried out by incubating the slides in
0.01 M citrate buffer (pH 6.0) at 120°C for 20 min. After
antigen retrieval, specimens were divided into three groups,
as described in Fig. 1. Sections were stained with Mayer's
hematoxylin as a nuclear counterstain. Primary antibodies
were: anti-CD30, clone Ber-H2 (1:100) (Dako, Glostrup,
Denmark); rabbit polyclonal anti-chromogranin A (1:1000)
(Dako); anti-c-erbB-2 oncoprotein (HER2), clone CB11
(1:50) (Novocastra, Newcastle upon Tyne, UK); anti-
estrogen receptor alpha, clone 1D5 (1:100) (Dako); and
anti-progesterone receptor, clone PgR636 (1:100) (Dako);
CD3, clone PS1(1:50) (Novocastra); CD20, clone L26
(1:200); CD34, clone QBEnd/10 (1:100) (Novocastra);
rabbit polyclonal anti-synaptophysin (1:400) (Dako); Ki-67,
clone MIB-1 (1:200) (Dako), TTF-1, clone 8G7G3/1 (1:200)
(Dako). Each slide was incubated with secondary antibody
according to the manufacturer’s protocol. Staining was visu-
alized using the ImmPRESS (Vector Laboratories, Burlin-
game, CA, USA) peroxidase polymer detection reagents
with DAB as the substrate chromogen. We adopted Qdot
655-conjugated secondary antibody (1:100) (Invitrogen,
Carlsbad, CA, USA) for the IQD. Qdot 655 was brighter and

© 2010 The Authors
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Figure 2 Screen capture of ViewPlus image (human epidermal
growth factor receptor 2 [HER2] in breast carcinoma). Immunofluo-
rescent quantification digital slides (IQD) were analyzed by ViewPlus
software (Hamamatsu Photonics, Hamamatsu, Japan). Pathologists
observed the QD and selected the area suitable for assessment.
The signal intensity in the encircled areas was quantified. The blue
coloring represents the nuclei of cancer cells that were semi-
automatically detected.

had a much longer lifetime than organic fluorescent dyes,
and its emission peak fell outside the tissue autofluores-
cence spectrum. After staining, bright and fluorescent
imaging of whole slides were obtained with the Nano-
Zoomer (Hamamatsu Photonics, Hamamatsu, Japan). This
instrument is able to quickly digitize large areas using time
delayed integrated (TDI) sensor technology, and prevents
photo-induced deterioration of the fluorescent dyes. To scan
the emission of Q-dot655, the IR cut filter, which prevents
the color balance from collapsing, was removed from an
optical path of the fluorescence.

Immunofluorescent quantification digital slides were estab-
lished by merging the images of immunofluorescence and
hematoxylin staining on exactly the same section. Analyzing
the 1QD images was carried out using the ViewPlus software
(Hamamatsu Photonics).

Quantifying protein expression

The HER2'® and Allred scores' of all the IHC slides were
assessed by one pathologist, to avoid inter-observer error.
For statistical analysis, the Alired score was further simplified
into four categories: negative (Alired 0, 2), or low (Allred 3, 4),
medium (Allred 5, 6), and high (Allred 7, 8), as previously
described.'

To determine the IQD score an adequate area for quanti-
tative analysis was selected by pathologists (Fig. 2). The
number of nuclei recognized by the hematoxylin stain was
measured as the number of cells. The 1QD cell score (HER2,
estrogen receptor [ERc] and progesterone receptor [PRc])
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was calculated by dividing the sum of its intensity by the
number of celis. The IQD intensity score (estrogen receptor
[ERi] and progesterone receptor [PRi]) was determined by
dividing the sum of the intensity by the total area of the
assayed compartment.

Statistical methods

The association of IHC score with IQD was examined using
the Spearman’s rank correlation coefficient. The IQD scores
of the groups classified by IHC scores were compared using
one-way ANOVA and the Kruskal-Wallis one-way analysis of
variance, and Mann-Whitney tests (a non-parametric test). All
P-values were two-tailed and values less than 0.05 were
considered statistically significant. Since multiple correlations
were investigated between the IHC and IQD scores, the
P-value was adjusted using a Bonferroni correction to allow
for the inflation of alpha. Analyses were carried out using
SPSS software (version 17.0, SPSS Inc. Chicago, IL, USA).

RESULTS

Establishing 1QD

A screen view of QD is shown in Fig. 3. Immunofluorescent
quantification digital slides were able to show images of
immunoffuorescent and hematoxylin-stained sections simul-
taneously with ‘synchronized’ or ‘merged’ viewing. Initially
we captured the immunofluorescenti image, then stained
with hematoxylin, and re-captured the image (the ‘two-step-
scan’ method as shown in Fig. 1). To skip the first scanning
step, we attempted to scan the slides stained with hema-
toxylin, followed by immunostaining and capturing {the
‘one-step-scan’ method). The membrane and cytoplasmic
antigens that we looked at were CD30, chromogranin,
HER2 (Figs 3,4), CD3, CD20, CD34, and synaptophysin
(data not shown). Their signal was not significantly dis-
turbed by the hematoxylin, and the localization and intensity
of the immunofluorescent signal was almost the same as
that with IHC (Fig. 4). On the other hand, signals of nuclear
antigens (estrogen and progesterone receptor, Ki-67 and
TTF-1 [data not shown]) were significantly diminished, prob-
ably because the hematoxylin absorbed red emission from
Qdot 655. We attempted other chromogens; methyl green,
anyline blue, nuciear fast red, and toluldine biue (data not
shown), but hematoxylin staining was the best method to
assess nuclear morphology. There was no chromogen com-
patible with the fluorescent signal of nuclear antigens. Thus,
in the case of nuclear antigens, the sections were stained
with hematoxylin after capturing the immunofiuorescent
image (Fig. 1). On serial sections, the stained appearance

on the IQD was almost the same as the IHC slides (Fig. 4).
Variation in staining intensity, due to fixative and tissue
section storage conditions, that was observed in the IHC
slides, was also seen in the IQD.

Comparing IQD and IHC scores

To investigate whether IQD could be applied to the quantifi-
cation of protein expression, we scored the IQD signal, as
described above, and compared the IQD scores with those of
IHC. The correlation between IQD and IHC scores was ana-
lyzed statistically, and the results are shown in Table 1. Each
IQD index was calculated, as described in the ‘Materials and
methods’. The 1QD cell index (HER2, ERc and PRc) esti-
mated the amount of the antigen per cell, whereas the 1QD
intensity index (ERi and PRi) estimated signal intensity. All
IQD scores correlated with IHC scores, however the corre-
lation coefficient of ERi and PRi was higher than ERc and
PRc. On IHC slides, pathologists were able to assess the
signal intensity by color darkness, whereas on IQD they
could not only assess signal intensity, but also the amount of
antigen per ceil.

Comparing the groups classified by the IHC scores was
done using the one-way ANOVA and Kruskal-Wallis tests
(Fig. 5, Table 1). In the case of estrogen and progesterone
receptors, there was no low-expressing group in IHC. There
was a statistically significant difference in QD scores among
the IHC groups of ERi, PRc, PRi and HER2, however, there
was no significant difference among those of ERc.

Multiple comparisons were investigated between two 1HC

"groups using the Games-Howell test and the Mann-Whitney

test with Bonferroni correction.

There was no significant difference between HER2
score 1+ and 2+ (Games-Howell test, P-value = 0.60). The
PRc scores were not statistically different between ‘nega-
tive’ and ‘medium’ IHC (Games-Howell test, P-value =
0.39). The ERi and PRi scores were different between
‘negative’ and ‘high’ IHC (Mann-Whitney test, P-value =
0.001 and 0.011). There were no significant differences
between ‘medium’ and other groups (Mann-Whitney test,
P-value > 0.017).

DISCUSSION

In this study, we show a novel concept for digital slides,
applicable to quantifying the molecules in tissue sections.
Immunofluorescence has been a useful method for assess-
ing antigen localization and quantifying protein expression in
tissue.® When applying this method to diagnostic pathology,
there are a few difficulties. One problem is the confounding
presence of background tissue autofluorescence, which is

© 2010 The Authors
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Figure 3 Screen shots of immunofluo-
rescent quantification digital slides (I1QD).
Synchronized (a,c,e) and merged (b,d,f)
viewing are indicated. In the former view,
magnification changes and navigation in
the samples are synchronized. In the
bottom right-hand corner is an overview
image with a marker indicating the current
viewing position. (a,b) Chromogranin Ain
lung carcinoid tumors. (¢,d) CD30 stain-
ing in the lymph node of Hodgkin’s lym-
phoma. CD30 was positive for Reed-
Sternberg cells (arrow heads). (e,f)
Estrogen receptor in breast carcinomas.

Figure 4 Comparison of immunofluorescent quantification digital
slides (IQD) with immunohistochemistry (IHC) using serial sections.
The human epidermal growth factor receptor 2 (HER?2) staining in an
invasive ductal carcinoma of the breast is shown. The IHC was
classified as score 3+.

especially high in the formalin-fixed, paraffin-embedded
tissue used widely in diagnostic pathology. On paraffin sec-
tions, strong and broad fluorescence of the section overlap-
ping that of conventional fluorophores, such as fluorescein

© 2010 The Authors
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isothiocyanate (FITC), prevents detection of target antigens.
This problem can be resolved using red-emitting quantum
dots. A further problem is that long-term preservation of the
immunofluorescence is all but impossible. In the last decade,
advances in virtual microscopy enable us to scan the whole
immunofluorescent slide image, and this technology may
allow us to resolve this issue of preservation.
Immunofluorescent dyes (e.g. DAPI) are used to stain cell
nuclei, although they may provide less morphological infor-
mation than hematoxylin. In IQD pathologists may be able to
easily identify cells by observing familiar hematoxilin-stained
sections. We made 1QD using two different methods, ‘the
one-step-scan’ and ‘the two-step-scan’. Hematoxylin staining
before immunostaining and fluorescence scanning, did not
affect the fluorescent signal of the membrane and cytoplas-
mic antigens we looked at. However, when using the one-
step-scan method on other antigens it will be necessary to
check for any effect of hematoxylin on immunostaining.

Pathology International © 2010 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd
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Table 1 The correlation between IQD and IHC scores, and comparing the groups classified by the IHC scores (n = 30)

Differences in IQD score among IHC groups

Correlation between 1QD and IHC scores

IHC score 1QD score . P-value Correlation coefficient P-value
HER2 score 1+ 4548 + 1951 0.02 0.509 <0.05
2+ 3683+1735
3+ 19162 + 10 426
ERc Negative 2 538 (1 589-3 007) >0.05 0.523 <0.05
Medium 2420 (1 296-5 369)
High 3830 (1 908-10 943)
ERi Negative 10 (8-16) 0.003 0.720 <0.001
Medium 13 (10-45)
High 24.5 (14-82)
PRec Negative 2173 +722 0.004 0.566 <0.05
Medium 1720 £ 305
High 3667 + 1646
PRi Negative 10 (9-16) 0.01 0.705 <0.001
Medium 11 (7-18)
High 24 (8-36)

Mean + SD, median (range).

ERc, estrogen receptor cell; ERi, estrogen receptor intensity index; IHC, immunohistochemistry; IQD, immunofluorescent quantification digital slides;
PRc, progesterone receptor cell index; PRi, progesterone receptor intensity index.
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Figure 5 Box plots of immunofluorescent quantification digital slides (IQD) scores compared with immunohistochemistry (IHC). * Games-
Howell test, P < 0.05, ** Mann-Whitney test, P-value < 0.017. (n = 30).

With the development of molecular targeted therapies for
cancers, pathologists are requested to assess protein expres-
sion in tissue sections. We compared the quantitative data of
IQD on HER2, and the simplified Allred score of IHC. When
scoring in both 1QD and IHC, the assessment area was
selected by pathologists, to avoid selection bias. There were

statistically significant correlations between the IQD and IHC
scores. We also analyzed the difference in IQD scores among
the IHC-scoring groups. We could not discriminate the IHC
intermediate-expression group (e.g. ER and PR score
‘medium’ and HER2 score 2+) from the others (e.g. ER and
PR score ‘negative’ and HER2 ‘1+). This result may indicate

© 2010 The Authors
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that the intermediate-expression group contains samples with
a wide range of 1QD scores. The IHC signals may be compli-
cated due to enzymatic amplification, while the IQD cannot
detect antigens of low-expression due to low sensitivity of
indirect I[F methods. We have shown the utility of 1QD for
diagnostic pathology, however, the clinical significance of IQD
scores was not determined in this study. There are many
problems associated with the use of IHC for evaluating biom-
arkers in diagnostic pathology, such as tissue fixation, the
efficiency of the antigen retrieval, enzymatic amplification of
the signal, and the scoring method.®'? Immunoflucrescent
staining is better than chromogenic staining for quantifying
protein expression levels because a fluorescent signal has a
wide dynamic range and is not modified by enzymatic ampli-
fication. The automated quantitative analysis (AQUA) system
recently developed’®'* demanstrates the advantage of immu-
nofluorescent staining over IHC.2'5'¢ |QD may thus present a
solution to the problems associated with IHC.

We have shown the utility of immunofluorescence in
molecular assessment of tissue sections using digital tech-
nology and virtual microscopy. The IQD are not ‘virtual
slides, but represent a novel diagnostic tool as there is no
‘real’ glass slide for the quantification of in sifu protein expres-
sion. Immunofiuorescent quantification digital slides may be
a novel application of virtual microscopy, and can be applied,
not only to diagnostic pathology, but also to research on
molecular targets to diagnose and treat cancer.
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