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This study was done to arrive at a fast and reliable protocol
for assessment of fractional volumes of immunohistochemi-
cally stained dendritic cells in lymph nodes. Twenty axillary
lymph nodes of patients with locally advanced breast can-
cer were immuno-histochemically stained with an S100 anti-
body. Fractional volumes of dendritic cells were assessed by
stereology based quantitative immunohistochemistry using
an interactive video overlay system including an automated
microscope. The gold standard percentage of dendritic cells
was the fractional volume of S100 stained cells in 500 fields
systematically spread over the whole lymph node. Then, in a
computer simulation, different sample sizes (1–200 fields of
vision) were tested and the coefficient of variation (CV) for
each sample size was calculated. The CV dropped with in-
creasing sample size. A sample size of 100 fields of vision
appeared to be optimal. Intra- and interobserver reproducibil-
ity appeared to be good (correlation coefficients of 0.95 and
0.86, respectively) when re-analyzing the cases with the es-
tablished protocol.

In conclusion, a fast and reliable assessment of the frac-
tional volume of dendritic cells in lymph nodes is possible
with semi-automated quantitative immuno-histochemistry.
This method will form the base for further clinical studies
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into the immunological response in lymph nodes of patients
with locally advanced breast cancer.
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1. Introduction

There is a growing interest in the role of dendritic
cells (DCs) in the treatment of cancer [4,5,16]. DCs are
bone marrow derived professional antigen presenting
cells. The main function of DCs is to act as sentinels
between the outside world and the body. DC progen-
itors are spread through the blood into peripheral tis-
sues and after antigen uptake they migrate rapidly to T
cell areas in the lymph nodes where they can initiate an
immune response. In cancer patients an impaired cy-
totoxic T cell function contributes to the uncontrolled
growth of tumor cells. In breast cancer patients a de-
creased number and function of DCs has been demon-
strated [9]. Release of immunosuppressive agents by
the primary tumor might be responsible for this DC
disfunction [10,14].

Recently we showed the results of neo-adjuvant
chemotherapy plus granulocyte-macrophage colony
stimulating factor (GM-CSF) in locally advanced breast
cancer (LABC) [12]. We hypothesized that the encour-
aging survival data were not related to the chemother-
apy results alone, but also the long-term administra-
tion of GM-CSF while the primary tumor and axillary
lymph nodes were stillin situ. An immunopotentiat-
ing effect might be the result of DC activation by GM-
CSF. A decrease in immunosuppressive agents, pro-
duced by the primary tumor, could contribute to this
feature, while most patients showed an impressive clin-
ical response. Chemotherapy induced shrinkage of the
primary tumor is associated with release of tumor anti-
gens, after tumor antigen uptake DCs migrate to the
draining lymph nodes.
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To test our hypothesis, we needed to quantify the
DCs in the lymph nodes. However, since the changes
in the number of DCs may be small compared to the
normal situation, reliable assessment of the numbers of
DCs is required. Counting of all cells is hardly feasi-
ble, so an efficient sampling method will be necessary.
Recently, it has been suggested that sampling based on
stereological principles may provide an efficient and
reliable approach for quantitative immunohistochem-
istry [6]. Therefore, we first undertook a methodologi-
cal study evaluating the sample size and sampling pro-
cedure to arrive at a reproducible protocol to assess the
fractional volume of DCs in the lymph nodes before
performing a clinical study. The aim of the study was
to establish a rapid and reproducible point counting
method to assess fractional volume of S100 positive
cells given an immunohistochemically stained section
from a tissue block, and not to evaluate the contribu-
tion of variation at all different levels of the multistage
sampling procedure.

2. Material and methods

2.1. Sampling strategy

Basically, 6 stages of selection can be discerned
in the sampling procedure that must be considered
for unbiased sampling: patients, lymph nodes from
these patients, blocks from lymph nodes, sections from
blocks, fields of vision (FOV) within sections, and
points within fields of vision. The patients concerned
representative LABC (stage IIIA or stage IIIB), that
underwent neo-adjuvant treatment with a combina-
tion of high dose adriamycine and cyclophosphamide
supported by GM-CSF as described before [13]. All
lymph nodes of all patients were completely embed-
ded without cutting them. Some non-randomness may
have occurred here as cylindrical lymph nodes may
have been embedded preferentially along their longest
axis. From each block of all lymph nodes, one section
was S100 immunohistochemically stained (see below).
From these, 20 sections were selected covering the
spectrum of fractional volumes of S100 cells based on
subjective impression of the fractional volume: 6 nodes
with a low amount (�10%), 7 nodes with an interme-
diate amount (>10% and<20%) and 7 nodes with a
high amount of S100 positive cells (�20%). Within the
sections, FOV were sampled (systematically) at ran-
dom (see below), so that all grid points were randomly
positioned.

2.2. Immunohistochemical staining

The axillary lymph nodes had been fixed in neu-
tral buffered formaldehyde and processed to paraffin
according to standard procedures. From the paraffin
blocks, 4 µm thick sections (one from each lymph
node) were cut and mounted on poly-l-lysine coated
slides. Staining of the dendritic cells was performed
with a rabbit polyclonal anti-S100 antibody (Dakopatts,
Denmark). Endogenous peroxidase was blocked with
0.3% H2O2 in methanol according to the Ventana
protocol [17]. Enzymatic antigen retrieval was per-
formed with protease II for 16 minutes at 40◦C ac-
cording to the Ventana protocol [17]. Staining of the
slides with anti-S100 was also performed according
to the Ventana protocol [17]. Briefly, all steps were
performed at 40◦C. Incubation with the primary an-
tibody was done for 20 minutes in a 1 : 400 dilu-
tion. For detection, the slides were incubated with
a biotin-labeled secondary antibody, followed by in-
cubation with peroxidase-labeled streptavidin. Stain-
ing was visualized with 0.05% 3,3′-diaminobenzidine
tetrahydrochloride dihydrate containing 0.02% H2O2,
followed by an enhancement step with copper. Nuclear
counter staining of the slides was done with hema-
toxylin. The slides were dehydrated in alcohol and
mounted in DePeX mounting medium (BDH Labora-
tory Supplies, England). In the negative controls, the
primary antibody was omitted. Normal tonsil was used
as a positive control. Figure 1 shows some examples of
the staining results.

2.3. Quantitative immunohistochemistry

Quantitative immunohistochemistry was performed
using the QPRODIT interactive video overlay system
(Leica, Cambridge, UK), consisting of a Pentium pro-
cessor based PC with a computer mouse and a video
overlay board linked to a CCD color camera mounted
on a standard microscope equipped with an automated
scanning stage and autofocus (PRIOR Scientific In-
struments LTD, Cambridge, UK). This system enabled
software driven selection of fields of vision and autofo-
cussing. The live microscope image was displayed on
the monitor of the PC in full color. Using a×100 ob-
jective, the final on screen magnification was approxi-
mately×3100.

To establish the “gold standard” percentage of S100
positive cells, the contour of the lymph node was
marked at low magnification and 500 fields system-
atically (equidistantly) spread over the whole marked
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Fig. 1. Immunohistochemical staining performed with an S100 antibody on an axillary lymph node of a patient with locally advanced breast
cancer. The large dark stained cells represent S100 positive cells. Figure 1(a) shows a lymph node stained for S100 in low magnification. Figure
1(b) shows a high magnification of the same lymph node.

lymph node were selected by means of the software
driven scanning stage. At higher magnification, in each
FOV, the points of a 6 points Weibel grid, electroni-
cally overlaid on the microscopic image on the screen
(Fig. 2), were registered by the observer as overlying
either S100 positive or negative cells. Based on the cu-
mulative data of all fields of vision per lymph node, the
gold standard fractional volume of dendritic cells was
calculated.

To determine how the sample size (the number of
fields assessed) affected the measurement precision,
we performed a virtual systematic sampling experi-
ment by computer simulation in the following way.
From the 500 FOV available, varying numbers of sys-
tematic subsets of fields of vision were chosen. For ex-
ample, when using a sample size of 1 FOV, 500 differ-
ent samples are available. The variation between these

different samples can be calculated by taking the mean
of the percentages in each subset, calculating the stan-
dard deviation (sd), and subsequently calculating the
coefficient of variation (CV) by sd× 100%/mean. The
higher the CV, the greater the variation between sam-
ples and the lower the representativeness of an individ-
ual sample. When using a sample size of 2, 250 dif-
ferent systematic subsets are possible: a sample com-
posed of fields no. 1 and 251, a sample of fields no. 2
and 252, etc., up to fields no. 250 and 500. Again, the
CV over these 250 samples can be calculated. When
using a sample size of 3, 165 different systematic sam-
ples are possible: a sample composed of fields no. 1,
167 and 333, a sample of fields no. 2, 168 and 334,
etc., up to fields no. 165, 332 and 500. This was done
up to a sample size of 200 fields of vision, and for each
sample size, the CV was calculated.
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Fig. 2. Schematic illustration of the systemic random sampling method used to develop a protocol for interactive stereological immunoscoring
with a cytoplasmatic marker. Fields of vision are systematically distributed throughout the entire lymph node. A six points Weibel-grid was used
to count the positive cells in each field of vision.

Subsequently, the CVs were averaged for the 20
cases by taking the square root of the sum of individ-
ual values of CV2 divided by the number of CVs, and
this averaged CV was plotted as a function of the sam-
ple size. The CV was expected to drop with increas-
ing sample size. Based on this graph, the optimal sam-
ple size, defined as the minimum sample size which
allowed to arrive at a desired CV of≈ 15%, could be
determined.

The resulting measurement protocol including the
set number of fields of vision to be analyzed based on
the systematic sampling experiment described above
was then tested for intra- and interobserver repro-
ducibility. To assess intra-observer reproducibility, one
observer (YvH) measured the 20 specimens in a
blind test twice with an interval of approximately 6
weeks, and two observers (YvH and DH) measured
the 20 specimens independently to determine the inter-
observer reproducibility. Reproducibility was evalu-
ated by linear regression analysis, calculating the cor-
relation coefficientR, as well as the slope of the re-
gression line and the intercept at they-axis to detect
systematic differences.

3. Results

In Table 1 the CV for each sample size set is shown
for the first 5 specimens and the mean CV± sd cal-
culated from the total 20 specimens. Figure 3 presents
the mean CV as a function of the number of FOV mea-

sured. Up to 75 FOV, the CV remained>20% and sub-
stantial variation in CV was seen between the different
specimens. From 100 FOV onwards, the CV dropped
to≈15% or lower and the variation of the CV between
the specimens became less. At a sample size of 175
fields, the CV (%) dropped to 10% and minimal CV
variation between the specimens was seen. Consider-
ing the time spent on the measurements, a sample size
of 100 fields of vision was considered to be adequate
which yielded a CV of 16.1.

Using this sample size of 100 FOV, intra- and inter-
observer reproducibility was good with correlation co-
efficients of 0.95 and 0.86, respectively, without sys-
tematic differences (Figs 4 and 5).

4. Discussion

The aim of the study was to establish a rapid and
reproducible point counting method to assess frac-
tional volume of S100 positive cells given an immuno-
histochemically stained section from a tissue block, as
this is the usual situation in daily practice, and not to
evaluate the contribution of variation at all different
levels of the multistage sampling procedure. The sam-
pling strategy imposed some limitations, as there are
(assuming the patients are representative) 5 stages of
selection and have not been able to completely control
sampling on all levels. All lymph nodes of all patients
were completely embedded without cutting them, so
that no prior selection of lymph nodes had taken place,
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Table 1

CV (%) of assessments of fractional volume of S100 positive cells as a function of
the number of fields of vision (#FOV) assessed in a computer simulated systematic
at random sampling experiment. Full data are shown of the first five cases as well as
the mean of all 20 cases

#FOV\ case 1 2 3 4 5 Mean of all cases√∑
CV2/n

1 255.6 403.2 204.0 246.1 137.8 299.95

2 157.5 161.4 145.9 177.1 97.9 204.20

5 89.6 101.0 94.6 96.0 64.7 127.88

10 87.8 77.9 81.9 93.5 39.7 91.60

15 53.1 54.9 52.0 62.9 36.0 69.82

20 61.5 53.2 66.4 60.7 29.4 57.28

25 47.1 38.7 47.1 39.9 33.4 49.66

50 37.6 24.3 39.8 15.2 24.3 30.11

75 16.0 17.7 27.1 14.7 12.2 29.09

100 9.5 27.1 36.5 9.1 13.9 16.08

125 10.6 22.7 19.4 9.1 4.4 23.64

175 8.4 17.5 18.3 4.1 4.2 10.99

200 5.6 12.8 11.1 3.6 4.4 7.96

Fig. 3. Mean CV for the 20 specimens as a function of the number of fields of vision (FOV) used to assess the fractional volume of S100 positive
cells in a specimen. Note that the CV gradually drops with increasing sample size.

and no selection within the nodes has taken place. Non-
randomness may have occurred for cylindrical nodes
as they may have been embedded preferentially along
their longest axis. However, while doing so, they can
rotate around their longest axis introducing again an
element of randomness. This cannot be avoided when
working with archival material. All lymph nodes for all
patients were S100 stained, so that no selection took
place. Form each block, one section was made, and
since the embedding can be regarded as “almost” ran-
dom, the section taken is almost random as well. The
20 lymph nodes were selected from a total of about
hundreds of lymph nodes, from which, as described,

we picked 20 nodes covering the spectrum of frac-
tional volumes of S100 cells based on subjective im-
pression. Although this is not completely at random,
there was no selection within the groups of low, in-
termediate and high fractional volumes, and this can
be regarded as “almost” random. Within the sections,
FOV were sampled (systematically) at random, so that
grid points were randomly positioned. Altogether, de-
spite some minor limitations in the sampling proce-
dure, a high degree of randomness was present, to the
extent that can be reached when working with archival
material, and there are no indications that these minor
limitations may have introduced relevant bias.
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Fig. 4. Intra-observer reproducibility: results of duplicate assessment of fractional volume of S100 positive cells in 20 lymph node specimens.

Fig. 5. Inter-observer reproducibility: assessment of fractional volume of S100 positive cells in 10 lymph node specimens measured independently
by two observers.

Focussing on the level of sampling FOV in a given
section, distribution of the sample FOV in the measure-
ment field is an important issue. The sample spread of a
defined sample size usually determines to a large extent
the reproducibility of the measurement [1,2,7,8,11].
This is due to clustering of objects with similar charac-
teristics. This can best be dealt with by spreading FOV
systematically over the measurement field [7,8]. If the
first FOV is chosen at random, all fields are random, so
that a systematic at random approach is obtained. Since
the sample spread is of greater influence than the num-
ber of FOV studied and the number of observations per
FOV, measurement procedures can be made more effi-
cient by taking fewer measurements in more FOV that
are spread systematically at random over the prede-
fined measurement area, the “do more less well” prin-

ciple [11]. Systematic random sampling was demon-
strated to be the most reproducible method for different
kinds of morphometric measurements [1,3,6–8]. It has
also been shown that a similar approach is useful for
assessment of the number of immunohistochemically
positively stained nuclei [15]. We now show that this
approach is also useful for fast and reliable assessment
of cytoplasmic immunohistochemical staining. Apart
from S100, other cytoplasmic antigens can be quanti-
tated in a similar way.

In this study we used the anti-S100 antibody to stain
the dendritic cells in the lymph nodes. Although this
polyclonal antibody is not fully specific for dendritic
cells, it was possible to separate the dendritic cells
from the other cells based on their characteristic den-
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dritic morphology that was well visible at the high
magnification used for measurement.

A systematic random approach was shown to be nec-
essary for assessment of fractional volume of S100
positive cells since they also tend to cluster. Especially
on the borders of the lymph nodes clusters of S100 pos-
itive cells are seen (Fig. 1(a)). It appeared to be neces-
sary to measure about 100 fields of vision systemati-
cally at random spread over the lymph node, which al-
lowed achieving a theoretical CV of<15%. This takes
approximately 5–8 minutes, which can be achieved by
the high degree of automation due to the scanning stage
and autofocus. Obviously, similar assessments can be
done without such automatic devices, but it will take
more time. Intra- and interobserver reproducibility of
the resulting protocol was high. Although increasing
the number of FOV measured in a specimen resulted in
even better CVs and less variation between the speci-
mens, this is more time consuming. Therefore a proto-
col based on 100 fields of vision seems to be the best
compromise between precision and workload. Stereol-
ogy based semi-automatic quantitative immunohisto-
chemistry is in general interesting for quantitation of
different nuclear and cytoplasmic antigens due to the
cheap equipment, high speed, high accuracy and good
reproducibility.

In conclusion, fast and reliable assessment of the
fractional volume of dendritic cells in lymph nodes
is possible with semi-automated quantitative immuno-
histochemistry based on systematic at random sam-
pling. This method will form the base for further clin-
ical studies into the immunological response in lymph
nodes of patients with locally advanced breast cancer,
and is also applicable to quantitation of other cytoplas-
mic antigens. Preliminary results indicate that the sug-
gested protocol to assess dendritic cells yields clini-
cally relevant results in patients with locally advanced
breast cancer [18].
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