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Abstract
Background  Epithelial, connective tissue and immune cells contribute in various ways to the pathophysiology 
of HPV positive (HPV+) and HPV negative (HPV-) oropharyngeal squamous cell carcinoma (OPSCC). We aimed 
to investigate the abundance of these cell lineages and their coexpression patterns in patients with HPV + and 
HPV- OPSCC.

Methods  We used a 4-channel immunofluorescence-microscopy technique for the simultaneous detection of three 
direct-conjugated antibodies (pancytokeratin, vimentin and CD45/CD18) and DAPI (4’,6-Diamidin-2-phenylindole) 
in formalin fixed paraffin-embedded tissue samples (FFPE) of patients with HPV + and HPV- OPSCC, and of control 
patients. Image acquisition and analysis were performed with TissueFAXS and StrataQuest (TissueGnostics, Vienna, 
Austria), respectively, in tumor cell clusters/stroma in OPSCC specimens and epithelial layer/lamina propria in control 
specimens. Cell populations were created based on antibodies’ coexpression patterns. Isotype and positive controls 
were examined for plausibility.

Results  The proportion of cells of epithelial differentiation in tumor cell clusters was higher in HPV + OPSCC (55%) 
than in HPV- OPSCC samples (44%). The proportion of connective tissue cells in tumor cell cluster was lower in 
HPV + OPSCC patients (18%) than in HPV- OPSCC patients (26%). The proportion of immune cells in tumor cell 
clusters was higher in HPV + OPSCC patients (25%) than in HPV- OPSCC patients (18%). The percentage of anaplastic, 
potentially de-differentiated cells, was 2% in control patients, and it was higher in HPV- OPSCC (21%) than in 
HPV + OPSCC samples (6%).
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Background
There are two subtypes of oropharyngeal squamous 
cell carcinomas (OPSCC): human papilloma virus 
(HPV) positive (+) and negative (-) [1, 2]. Patients with 
HPV + OPSCC have significantly better prognoses than 
patients with HPV- OPSCC [3–6]. Accumulating data 
indicate that the tumor microenvironment plays an 
important role in the pathogenesis and development of 
treatment resistance. The cellular composition and the 
tumor/stroma ratio both play critical roles in invasive 
growth patterns and drug resistance [7].

Stromal fibroblasts, especially the so-called carcinoma-
associated fibroblasts subpopulation, were described as 
drivers of invasive cancer growth [8]. Recently, Bolt and 
coauthors conducted a study using 2D and 3D modeling 
of interaction of OPSCC with fibroblasts. They reported 
that only HPV- OPSCC cells induce a fibroblast response 
that supports cancer migration and invasion in vitro [9]. 
Moreover, immune cells infiltrating the tumor microen-
vironment may represent an antitumoral host immune 
response against antigens expressed on epithelial cells 
[10, 11] and influence the clinical outcome [12]. Further-
more, cytokeratin, as expressed on the surface of epithe-
lial cells, plays an important role in cell stabilization and 
intracellular signaling [13, 14]. Several studies report a 
significant association between cytokeratin 7 expression 
and OPSCC HPV tumor status [15–17].

Data on the proportions and differentiation of epi-
thelial cells, connective tissue cells, and leukocytes in 
OPSCC are scarce. Recently, immunofluorescence multi-
plex image cytometry has been used to describe propor-
tions of these cell populations in upper airway mucosa. 
[18] This technique allows for the quantification of vari-
ous cellular subtypes and the recognition of patterns 
of co-expression in formalin-fixed paraffin embedded 
(FFPE) tissue samples [19–21]. It also overcomes the lim-
itations of established methods of cellular quantification, 
i.e., immunohistochemistry and flow cytometry, by elimi-
nating the need for individual investigation of intact solid 
tissue slides.

Here, we aimed to investigate the relative abundance of 
these cell populations in patients with HPV + OPSCC and 
HPV- OPSCC by immunofluorescence multiplex image 

cytometry. As control tissue, we used normal oropha-
ryngeal mucosa of patients with sleep related breathing 
disorders. For the detection of cells of epithelial, con-
nective tissue, and immune differentiation, we used the 
epithelial marker pancytokeratin, the connective tis-
sue marker vimentin and the leukocyte markers CD45/
CD18, respectively. Tumor cell clusters and stroma were 
manually outlined and separately examined in patients 
with OPSCC. Epithelial layer and lamina propria (LP) 
were similarly assessed in control patients.

Methods
Study population
The study was conducted with standards of Declara-
tion of Helsinki and approved by the local ethics com-
mittee (UN3678). Informed consent was obtained from 
all subjects prior to sample collection. For this study, 
we intended to analyze a convenience sample of eight 
patients with HPV + OPSCC, eight patients with HPV- 
OPSCC, and eight control patients. This convenience 
sample consisted of FFPE samples drawn from the tissue 
biobank of the Department of Otorhinolaryngology – 
Head & Neck Surgery, Medical University of Innsbruck, 
Austria.

Patients with OPSCC
The FFPE samples were produced from tumor biopsies 
taken during panendoscopy for tumor staging. Inclu-
sion criteria were histologically confirmed squamous 
cell carcinoma of the oropharynx, known high risk HPV-
status by p16 immunohistochemistry [22], and patient 
consent to use anonymized data and tissue samples for 
scientific investigations and publications. A commercial 
in vitro diagnostic certified assay containing a ready-to-
use prediluted mouse monoclonal antibody was used for 
p16 detection (CINtec® Histology V-Kit, Roche Ventana, 
Tucson, AZ, USA) [23]. The definition of an HPV + tumor 
was based on the overexpression of p16. The cutoff point 
for p16 overexpression was diffuse (> 75%) tumor expres-
sion, with at least moderate (+ 2/3) staining intensity [24].

Conclusions  This study provided the first quantitative data for the abundance of cells of epithelial, connective tissue 
and immune differentiation, in patients with OPSCC and control patients. The abundance of these different crucial cell 
populations was consistently originating from the same tissue sample. De-differentiation of tumor cells was higher 
in HPV- OPSCC than in HPV + OPSCC. In tumor cells clusters, the antitumoral host immune response was higher in 
HPV + OPSCC than in HPV- OPSCC, whereas the fibroblast response was higher in HPV- OPSCC than in HPV + OPSCC. 
This study contributed to the understanding of histopathologic differences between HPV + OPSCC and HPV- OPSCC 
patients.

Keywords  Image cytometry, Fluorescent antibody technique, Epithelial cells, Connective tissue, Leukocytes, 
Oropharyngeal neoplasms, Human papilloma virus
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Control patients
FFPE samples of patients with sleep related breathing 
disorders without head & neck cancer were drawn from 
the biobank. The patients had undergone uvulopalato-
pharyngoplasty, in which a strip of healthy human oro-
pharyngeal mucosa was resected. This tissue is usually 
discarded. In this investigation, it was used as control tis-
sue. HPV-status was not tested in control patients.

Positive and isotype controls
Positive- and isotype controls served to check the results 
of immunofluorescence multiplex image cytometry for 
plausibility. Positive controls for cytokeratin included 
the tumor cell line CAL-27 (DSMZ number: ACC 446; 
DSMZ, Leibniz Institute, Braunschweig, Germany) [25] 
and the isolated epithelial layer of control samples of two 
patients. Four million cells of tumor cell line CAL-27, 
cultivated in DMEM Medium, were collected by centrif-
ugation at 290 g (10 min, at 4 ° C), fixed in 4% formalde-
hyde solution overnight, centrifuged at 400 g for 10 min, 
at 4 ° C, rinsed in PBS, and embedded in paraffin. Five 
µm sections were also made and immunofluorescence 
staining was performed [25, 26]. A human gingival fibro-
blast (hGF) cell line (CLS order number: 300,703; CLS 
Cell Lines Service, Eppelheim, Germany), cultivated 
in DMEM/F12 medium, served as positive control for 
vimentin [27]. A human B-cell lymphoma (non-Hodgkin 
lymphoma) sample and a human tonsil (sample of pos-
sibly inflamed tonsil obtained from the operating the-
ater through tonsillectomy for research purposes) served 
as positive controls for CD45/CD18 expression. Posi-
tive controls were stained with all three antibodies and 
4’,6-Diamidin-2-phenylindole (DAPI). Positive controls 
were expected to yield high intensities for the targeted 
antigen and low intensities for the others.

Antibodies of the same isotype, clonality, conjugate, 
and host species as the antibodies used to detect cyto-
keratin, vimentin, and CD45/CD18, which targeted mol-
ecules that were not present in the sample, were used for 
isotype controls. Commercially available isotype antibod-
ies for the three fluorochromes were used. The character-
istics of the isotype antibodies are listed in the first table 
of the study of Giotakis and coauthors [18].

Specimen embedding and cutting
Specimen embedding and cutting were described in 
detail in the study of Giotakis and coauthors [18]. Briefly, 
the samples were transferred to Modified Eagle’s Medium 
with Earle’s Salts without L-glutamine (PAA Laboratories 
GmbH, Pasching, Germany). Biopsies were sectioned to 
5-µm thickness using an HM 355 S microtome (Microm, 
Walldorf, Germany).

Antigen retrieval and immunostaining
Co-labeling of the epithelial marker pancytokeratin, the 
fibroblast marker vimentin and the leukocyte marker 
CD45/CD18 was achieved using direct-conjugated pri-
mary antibodies and a fully automated immunostaining 
system (Ventana Discovery classic, Roche, Mannheim, 
Germany). The antibodies pancytokeratin, vimentin, 
CD45 and CD18 were directly coupled to the fluorescent 
dyes AlexaFluor 488 (AF488), eFluor 570, AlexaFluor594 
(AF594; Biolegend, San Diego, USA) and AF594 (Bioss 
Antibodies, Woburn, USA), respectively. As a nuclear 
counterstain, we used DAPI (1:46.000, Thermo Fisher 
Scientific, Darmstadt, Germany) [28]. Antibody details 
are listed in in the first table of the study of Giotakis 
and coauthors [18]. Immunostaining, autofluorescence 
reduction and test for channel spillover were described in 
detail by Giotakis and coauthors [18].

Image acquisition
For image acquisition, the TissueFAXS PLUS system (Tis-
sueGnostics, Vienna, Austria) was used [18]. The fluores-
cence microscope was equipped with four bandwidth 
filters to detect fluorescence of different wavelengths 
in four channels, which corresponded to fluorophores 
DAPI, AF488, eFluor570, and AF594. The characteristics 
of the microscope filters and fluorophores are listed in 
the second table of the study of Giotakis and coauthors 
[18]. The fluorescence intensity in the four channels was 
imaged sequentially in 16-bit monochromally and could 
be merged into one image. False-colors were arbitrarily 
chosen for each channel: green was used for cytokera-
tin (AF488), red for vimentin (eFluor570), and yellow 
for CD45/CD18 (AF594); blue was reserved for DAPI 
(DAPI). After a preview of whole slides with a 2.5x lens, 
the software function ‘automatic tissue detection’ was 
applied. The detection run was done on the entire pre-
view image, which was acquired in full size using a 40x 
air objective [18].

Image analysis
We used the image analysis software StrataQuest (Tis-
sueGnostics) for image analysis. The method was 
described in detail by Giotakis and coauthors [18].

Delineation of tissue compartments and elimination of 
artifacts
For compartment analysis, tumor cell clusters and stroma 
in patients with OPSCC as well as the epithelial layer and 
LP in control patients were manually outlined as subre-
gions using the software function ‘create region of inter-
est’. Tumor cell clusters were defined as areas with visible 
expression of cytokeratin, possibly including connec-
tive tissue cells and immune cells, surrounded by a few 
µm of stroma. The rest of the stroma was titled stroma. 
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Epithelial layer and LP in control patients were sharply 
outlined. Regions with artifacts, debris, and air bubbles 
were visually identified, manually outlined, and excluded.

Nuclear, cytoplasm and background segmentation
Segmentation is the creation of content-related regions 
by combining neighboring pixels that followed a criterion 
of homogeneity. First, nuclei were segmented and defined 
as events, the basic units of image analysis. Starting from 
the nucleus, the cytoplasmic areas belonging to a nucleus 
were defined in a further segmentation step and assigned 
to the same event. Nuclear and cytoplasm segmentation 
were described in detail here [18]. In the current study, 
precision of nuclear dimensions was ensured by exclud-
ing area sizes smaller than 40 µm2 and larger than 120 
µm2. Here, tumor cells were investigated, which in gen-
eral have larger nuclei than normal cells [29]. Therefore, 
the larger nuclear dimensions were modified from 100 
µm2 to 120 µm2. Background segmentation was defined 
in an area free of nuclei. It was analyzed in each tissue 
sample after setting the nuclear segmentation parameters 
to 0 [18]. After background segmentation, multiple small 
events were recognized, corresponding to pixels of the 
background area.

Raw data of immunofluorescence multiplex image cytometry
After segmentation, the software provided the mean of 
the pixel fluorescence intensities (= mean fluorescence 
intensity) of each event in each of the four channels, i.e., 
AF488 for cytokeratin, eFluor570 for vimentin, AF594 for 
CD45/CD18 and DAPI for the nucleus. The number of 
the events and the mean fluorescence intensity per event 
were the outcomes of immunofluorescence multiplex 
image cytometry. The Raw Data, which were extracted 
from StrataQuest (TissueGnostics), included the mean 
fluorescence intensity of each event for each channel, and 
each tissue compartment in patients with OPSCC and 
control patients.

Data analysis
All Raw Data were extracted into the SPSS 26.0 statistic 
package (SPSS Inc., Chicago, Illinois, USA). To reduce file 
size, a random sample of 15% of the imported events was 
drawn. Cell count and cell density were tested for normal 
distribution and accordingly tested with non-parametri-
cal analysis. For all scanned samples, background mean 
fluorescence intensities were subtracted from the events’ 
mean fluorescence intensities for each channel to pro-
duce the background corrected mean intensities. If an 
event’s mean fluorescence intensity was lower than the 
background mean fluorescence intensity, then the value 
of the background corrected mean intensity was set to 
value 1 to prevent negative intensities.

For positive controls and isotypes, cytokeratin was 
used as a calibration marker for the AF488 channel, 
vimentin for the eFluor570 channel, and CD45/CD18 for 
the AF594 channel. It was expected that for each calibra-
tion marker, high intensities would be expressed in cor-
responding positive controls and low intensities in the 
other biomarkers. It was further expected that low inten-
sities would be expressed in isotype controls for all three 
channels. In addition, intensities in positive controls were 
expected to be higher or at least as high as intensities in 
patient samples, while intensities in isotype controls were 
expected to be lower or at least as low as intensities in 
patient samples.

Sample exclusion
Obviously flawed samples were excluded. Obvious severe 
flaws included: (a) patients’ samples or positive controls 
with background corrected mean intensities in all three 
channels not above isotype level, (b) positive controls 
with background corrected mean intensities below the 
lower 99.9% confidence interval (CI) of the median of 
patients’ tissue samples, (c) isotype controls with back-
ground corrected mean intensities above the lower 99.9% 
CI of the median of patients’ tissue samples and (d) posi-
tive controls, in which the background corrected mean 
intensities of the calibration-marker was not above the 
99.9% CI of the other two biomarkers.

Quantile normalization
After background correction and exclusion of samples 
with obvious severe flaws, the background corrected 
mean intensities were subjected to channel normaliza-
tion using the quantile method for high-throughput 
methods [30]. We used the R script provided by Tang 
[31]. The effect of the quantile channel normalization is 
an adjustment of the distribution forms and all statisti-
cal position parameters of the three channels. The nor-
malized background corrected mean intensity was titled 
mean intensity.

Definition of cell populations
After the quantile normalization, the sum of the mean 
intensities of all three channels was calculated and titled 
“sum intensity”. Sum intensity was classified in 10 deciles 
(sum-intensity-deciles). For assignments of cells into 
different cell populations, the mean intensity and sum-
intensity-deciles were used. The percentage of the cell 
populations of each tissue compartments in patients 
with OPSCC and control patients was the main outcome 
parameter of the study.

Depending on the expression and co- expression of 
antibodies, cell populations were defined as anaplas-
tic (no or weak expression of all antibodies), artifacts 
(intensive expression of all antibodies or simultaneous 
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expression of cytokeratin and CD45/CD18), cells of epi-
thelial differentiation (intensive cytokeratin expression), 
connective tissue cells (intensive vimentin expression), 
immune cells (intensive CD45/CD18 with or without 
vimentin expression), and cells in EMT (intensive vimen-
tin and cytokeratin expression; Table 1).

Tumor-stroma ratio- desmoplastic reaction
The tumor-stroma ratio was computed by dividing the 
size of the area of tumor cell clusters by the size of the 
area of stroma within each OPSCC patient’s tissue.

Study outcomes
The main outcome of this study was the quantification of 
the cell populations in patients with HPV + OPSCC and 
HPV- OPSCC, and control patients, in the different tis-
sue compartments and the whole tissue irrespective of 
the tissue compartment. Moreover, descriptive statistics 
were provided for scanned tissue area, total cell count, 
cell density and nucleus size.

As secondary outcomes, we investigated whether pro-
portions of cell populations were associated to disease 
severity and prognosis. Disease severity was based on the 
8th American Joint Commission on Cancer (AJCC) Stag-
ing. Specifically, we examined the association of propor-
tions of cell populations with the tumor (T)-status, nodal 
(N)-status and stage. Disease prognosis was based on 
disease-free survival (DFS) status, DFS time (in months), 
overall survival (OS) status and OS time (in months).

Results
Patient population
After image and data analysis, FFPE tissue samples of 
eight patients with HPV + OPSCC, six patients with 
HPV- OPSCC, and six control patients were suitable for 

analysis. Samples from two patients with HPV- OPSCC 
and two control patients were excluded based on an 
obvious severe flaw mentioned in the sample exclusion 
criteria. The background corrected mean intensities of 
these four samples in all three channels were not above 
isotype level. This implied that these samples had stain-
ing failures or were of poor quality or were biologically 
implausible.

The mean age ± standard deviation (SD) of the 14 
patients with OPSCC was 67.4 ± 9.8 years (y) (range: 
48–82 y). Eight out of 14 patients with OPSCC and 
4/6 control patients were men, and the mean age was 
30.4 ± 6.2 ys (range: 22–39 ys). The most frequent tumor 
stage according to 8th Edition of the AJCC Staging was 
IVa (6/14 OPSCC patients). According to histopathologic 
evaluation, 5/8 HPV + and 4/6 HPV- OPSCC tumor sam-
ples were poorly differentiated. Non-keratinizing tumors 
were documented in 12/14 patients with OPSCC. A basa-
loid tumor type was noted in two patients with HPV- 
OPSCC. For all 14 patients, diagnosis was confirmed in 
2020 (Tables 2 and 3).

Tissue area, cell count, cell density and nucleus size
The scanned area, cell count, and cell density per OPSCC 
and control sample were not normally distributed (all 
p < 0.05). The median scanned area per OPSCC and con-
trol sample was 7.6 mm2 (lower quartile 3.4 mm2 to upper 
quartile 13.4 mm2). Out of 4,300,000 cells total, a median 
of 32,133 cells (lower quartile 12,633 cells to upper quar-
tile 70,980 cells) were recognized per OPSCC and con-
trol sample after selecting the 15% sample. Although the 
scanned area was larger in OPSCC than in control sam-
ples (Mann-Whitney Test: all p < 0.020), the median cell 
density in OPSCC and control samples (4,613 cells/mm2, 
lower quartile 3,120 cells/mm2 to upper quartile 6,101 

Table 1  Definition of cell populations
Defined cell population Cell type Event’s 

sum-intensity-deciles
Event’s coefficient 
variation of mean 
intensity

Event’s mean intensity

Triple-negative Anaplastic < 3

Triple-positive Artifact > 5 Cytokeratin, vimentin, 
CD45/CD18 < 0.2

Cytokeratin-single-positive Epithelial or 
glandular cell

Cytokeratin > 1.2*Mean(Vimentin, 
CD45/CD18)

Vimentin-single-positive Fibroblast or 
endothelial 
cell

Vimentin > 1.2*Mean(Cytokeratin, 
CD45/CD18)

CD45/CD18-single-positive Immune cell CD45/CD18 > 1.2*Mean(Cytokeratin, 
vimentin)

Vimentin-CD45/CD18-double-positive Immune cell Vimentin, CD45/
CD18 < 0.2

Mean(Vimentin, CD45/
CD18) > 5*Cytokeratin

Vimentin-cytokeratin-double-positive Cells in EMT Cytokeratin, 
vimentin < 0.2

Mean(Cytokeratin, 
vimentin) > 5*CD45/CD18

Cytokeratin-CD45/CD18-double-positive Artifact Cytokeratin, CD45/
CD18 < 0.2

Mean(Cytokeratin, CD45/
CD18) > 5*Vimentin
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cells/mm2) did not differ significantly (Mann-Whit-
ney Test; all p > 0.188). No significant differences were 
observed for nucleus size between patients with OPSCC 
and control patients, but compartmental distribution dif-
fered (Table 4). Between HPV + and HPV- OPSCC sam-
ples, no significant differences in scanned total area, cell 
count and cell density were noted (Mann-Whitney Test; 
all p > 0.060).

Cell populations
Anaplastic cells in patients with HPV + OPSCC, patients with 
HPV- OPSCC, and control patients
Anaplastic cells were encountered more frequently in 
patients with HPV- OPSCC (21%) than in patients with 
HPV + OPSCC (6%; Table 5; Fig. 1). Fewer anaplastic cells 
were encountered in the control patients (2%) than in 
patients with OPSCC (15%; Table 5).

Tumor cell clusters in patients with HPV + OPSCC and patients 
with HPV- OPSCC
In tumor cell clusters of HPV + OPSCC samples, higher 
proportions of cells of epithelial and immune differen-
tiation and lower proportions of connective tissue cells 
were encountered than in HPV- OPSCC samples (55% vs. 
44%, 25% vs. 18%, and 18% vs. 26%, respectively; Table 5; 
Fig. 1).

Stroma in patients with HPV + OPSCC and patients with HPV- 
OPSCC
In stroma, higher proportions of cells of epithelial and 
connective tissue differentiation were found in patients 
with HPV + OPSCC (17% and 40%, respectively) com-
pared to those in patients with HPV- OPSCC (11% and 
30%, respectively). A similar number of immune cells 

was found in patients with HPV + OPSCC and patients 
with HPV- OPSCC (31% and 33%, respectively; Table 5; 
Fig. 1).

Comparison of control patients with patients with OPSCC
In control samples, the proportions of cells of epithe-
lial, connective tissue and immune differentiation were 
53%, 10% and 27%, respectively, compared to 29%, 28% 
and 28% of the patients with OPSCC (Table 5; Fig. 2). In 
OPSCC and control samples, the proportions of cells in 
EMT were less than 1% (Table 5).

Comparison of cell populations between the epithelial layer 
and lamina propria
In control patients, proportions of epithelial cells in epi-
thelial layer exceeded proportions of glandular cells in 
LP (75% vs. 29%, respectively). More connective tissue 
cells were found in LP than in epithelial layer (17% vs. 
3%, respectively). Fewer immune cells were encountered 
in epithelial layer than in LP (21% vs. 49%, respectively; 
Table 5; Fig. 2).

In patients with OPSCC, proportions of cells of epi-
thelial differentiation were higher in tumor cells clusters 
than in stroma (52% vs. 13%, respectively). More connec-
tive tissue cells were found in stroma than in tumor cell 
clusters (34% vs. 20%, respectively). Fewer immune cells 
were encountered in tumor cell clusters than in stroma 
(23% vs. 32%, respectively; Table 5; Fig. 2).

Fluorescence intensity and cell populations in positive – and 
isotype controls
The cytokeratin mean fluorescence intensity 
(median ± SD) in tumor cell line was 2,447 ± 1,120 
and in its isotype, it was 1,348 ± 122. The vimentin 

Table 2  Clinical data of patients with oropharyngeal squamous cell carcinoma
Case Agea Genderb Smokingc Alcohol 

consumptiond
Comorbiditiese Hemoglobinf BMIg

1 82 W 0 0 2 144 24

2 64 M 0 0 1 148 25

3 65 W 80 2 3 142 32

4 68 W 0 0 1 145 23

5 58 M 30 2 1 150 23

6 75 W 0 0 2 130 22

7 81 W 0 0 2 121 19

8 75 M 0 0 2 144 24

9 48 M 0 0 1 135 27

10 63 M 35 0 2 144 23

11 64 M 20 0 1 148 20

12 55 W 10 0 1 135 18

13 72 M 50 0 1 141 24

14 74 M 40 1 3 135 33
ain years; bW: woman; M: man; cin pack-years; d (0 = none or normal; 1 = mild; 2 = heavy); ebased on ASA (American society of anesthesiologists’ physical status) score 
(1 = healthy; 2 = mild to moderate systemic disease; 3 = severe non-incapacitating disease process; 4 = severe incapacitating disease process; 5 = moribund patients; 
6 = declared brain-dead); fbefore treatment (g/dl); gbody-mass index
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mean fluorescence intensity in fibroblast cell line was 
4,504 ± 1,574 and in its isotype, it was 493 ± 50. The 
CD45/CD18 mean fluorescence intensity in lymphoma 
was 2,202 ± 441 and in its isotype, it was 1,070 ± 50 
(Fig. 3).

After applying background correction and normal-
ization, all cells in cytokeratin-positive-controls were 
either cells of epithelial differentiation (63%) or anaplas-
tic (34%). In cytokeratin-isotype, 100% of the cells were 
triple-negative. In fibroblast-positive-control, all cells 
were either connective tissue cells (87%) or CD45/CD18-
vimentin-double-positive (12%). In fibroblast-isotype, 
most cells were triple-negative (95%). In CD45/CD18-
positive-controls, most cells were immune cells (71%; i.e., 
CD45/CD18-single positive cells were 50% and CD45/
CD18-vimentin-double-positive cells were 21%) or ana-
plastic (26%). In CD45/CD18-isotype, all cells were tri-
ple-negative (100%).

Association of proportions of cell populations with disease 
severity and prognosis
Irrespective of the tissue compartment
Proportions of cell populations in patients with OPSCC 
did not differ significantly between the different sizes and 
extents of the main tumor (T-status; Kruskal Wallis test; 
all p > 0.085), regional nodal involvement (N-status; all 
p > 0.11) and DFS status (all p > 0.15). Proportions of cell 
populations did not correlate with DFS-time (all p > 0.11). 
No patient passed away during follow-up.

Proportions of cells of epithelial differentiation were 
two to three times larger in patients with stage II (mean 
value: 45%) and III (49%) compared to patients with stage 
I (17%) and IV (21%; Kruskal Wallis test; p = 0.048). Pro-
portions of the rest cell populations did not differ signifi-
cantly between the different stages (p > 0.2).

Tumor cell clusters
In tumor cell clusters, proportions of cell populations in 
patients with OPSCC did not differ significantly between 
the different sizes and extents of the main tumor (T-sta-
tus; all p > 0.15), regional nodal involvement (N-status; all 
p > 0.051), stage (all p > 0.14) and DFS status (all p > 0.2). 
Proportions of cell populations did not correlate with 
DFS-time (all p > 0.2).

Stroma
In stroma, proportions of cell populations in patients 
with OPSCC did not differ significantly between the 
different sizes and extents of the main tumor (T-sta-
tus; all p > 0.10), regional nodal involvement (N-status; 
all p > 0.087), stage (all p > 0.092) and DFS status (all 
p > 0.15). Proportions of cell populations did not correlate 
with DFS-time (all p > 0.067).
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Tumor-stroma ratio
The ratio of tumor cell cluster to stroma was not nor-
mally distributed (p < 0.001). The median ratio of tumor 
cell cluster to stroma was smaller in patients with HPV- 
OPSCC (median 0.45; lower quartile 0.22 to upper 
quartile 0.60) than in patients with HPV + OPSCC 
(median 1.55; lower quartile 0.97 to upper quartile 10.3; 
Mann-Whitney Test p = 0.050; Fig.  1). This implied 
that larger areas of tumor cell clusters were observed 
in HPV + OPSCC samples compared to HPV- OPSCC 
samples, while smaller areas of stroma were observed 
in HPV + OPSCC samples compared to HPV- OPSCC 
samples.

For a detailed description of immunohistochemical 
details on surface marker expression in OPSCC and con-
trol samples please refer to Additional file 1.

Discussion
In this study, a novel four-channel immunofluorescence 
microscopy technique for the simultaneous detection of 
three antibodies and DAPI in FFPE tissue was applied for 
cellular profiling of the OPSCC tissue and microenviron-
ment. Descriptive data on proportional variations of dif-
ferent cell populations and tissue subunits, depending on 
the HPV status in OPSCC, were provided in a whole slide 
analysis.

Major advantages of this study are worth mentioned. 
One important aspect was the whole slide analysis. This 
overcomes difficulties encountered in immunohisto-
pathological evaluation of OPSCC. Macroscopically, the 
tumor samples might be small, damaged, and contain 
many necrotic areas which makes them difficult to exam-
ine. Microscopically, the tumor cells might have lost their 
differentiation characteristics. During conventional semi-
quantitative examinations of histopathological tissue 
sections, the examiner might be inclined to select only 

Table 4  Scanned area and nucleus size in OPSCC samples and controls
Parameter OPSCC Controls

Tumor cell cluster Stroma Whole sample Epithelial area Lamina propria Whole sample

Scanned areaa (mm2) 6.9 (4.4–11.6) 6.1 (2.4–18.1)b 1.8 (0.6–4.4) 3.5 (0.7–8.6)c

Nucleus sizea (µm2) 67 (53–88) 68 (55–85)
a. median value (lower to upper quartile)

b. No significant differences were observed between tumor cell clusters and stroma in OPSCC samples (p > 0.2; Wilcoxon paired samples)

c. No significant differences were observed between epithelial area and lamina propria in controls (p > 0.2; Wilcoxon paired samples)

Table 5  Cell populations in patients with oropharyngeal squamous cell carcinoma (OPSCC) and in control patients
Cell populationsa and comparisonb Tumor cell cluster/epithelial 

layer
Stroma/lamina propria Irrespective of 

compartment

OPSCC Controls OPSCC Controls OPSCC Con-
trolsHPV+ HPV- HPV+ HPV- HPV+ HPV-

(A) (B) (C) (A) (B) (C) (A) (B) (C)
Triple-negative 1.5% 10.6% 0.0% 11.4% 24.7% 3.8% 5.5% 21.4% 1.7%

Anaplastic cells C A C C A C C A C

Triple-positive 0.6% 0.3% 0.6% 0.6% 0.3% 0.7% 0.6% 0.3% 0.6%

Artifacts B B B B B B

Cytokeratin-single-positive 55.0% 44.4% 75.4% 16.8% 11.3% 28.9% 39.5% 19.2% 50.6%

Cells of epithelial differentiation B A B B A B B A B

Vimentin-single-positive 17.8% 26.4% 2.5% 39.8% 30.3% 16.8% 26.7% 29.4% 9.1%

Connective tissue cells C A C B C C C A C

CD45/CD18-single-positive 21.1% 15.9% 19.8% 27.2% 28.1% 33.6% 23.6% 25.2% 28.1%

Immune cells B C B A A B A A B

Vimentin-CD45/CD18-double-positive 3.7% 2.1% 0.8% 4.1% 4.9% 15.6% 3.9% 4.3% 9.2%

Immune cells A C C A A B A A B

Vimentin-cytokeratin-double-positive 0.2% 0.3% 0.0% 0.1% 0.1% 0.2% 0.1% 0.3% 0.3%

Cells in EMT C C A A A

Cytokeratin-CD45/CD18-double-positive 0.2% 0.0% 0.7% 0.1% 0.1% 0.1% 0.2% 0.0% 0.4%

Artifacts B A B B A B
a. Column percentage of all cells per compartment

b. Results were based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion appeared in the category with the 
larger column proportion. Significance level for upper case letters (A, B, C) was 0.05. Tests were adjusted for all pairwise comparisons within a row of each innermost 
subtable using the Bonferroni correction
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Fig. 1  Comparison between patients with HPV negative and HPV positive oropharyngeal squamous cell carcinoma. Images of oropharyngeal 
squamous cell carcinoma (OPSCC) in an HPV negative (a-l) and an HPV positive (m-x) patient. Immunofluorescent triple stained overlays are shown in a, 
g, m, s and single channel fluorescent stains are presented in c-f, i-l, o-r and u-x. Corresponding hematoxylin-eosin stained sections are presented in b, 
h, n, t. Framed areas indicate high magnification images below. Scale bars a-f & m-r 200 μm, g-l & s-x 100 μm
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Fig. 2  Comparison between patients with oropharyngeal squamous cell carcinoma and control patients. Images of normal oropharyngeal tissue 
(a-l) and oropharyngeal squamous cell carcinoma (OPSCC) (m-x). Immunofluorescent triple stained overlays are shown in a, g, m, s and single channel 
fluorescent stains are presented in c-f, i-l, o-r and u-x. Corresponding hematoxylin-eosin stained sections are presented in b, h, n, t. Framed areas indicate 
high magnification images below and is indicated by dashed lines in b. Arrow in t indicates “unsharp” tissue borders between connective and overlying 
epithelial layers. Scale bars a-f & m-r 200 μm, g-l & s-x 100 μm. Bv blood vessel, D ducts of submucosal glands, E mucosal epithelium, Gl submucosal 
glands, Lp lamina propria
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high-power fields with well-preserved and easily inter-
pretable tissue areas. Image cytometry allows for larger, 
three-dimensional areas of moderate sample quality to 
be evaluated. Although this increases the probability of 
errors, higher cell numbers are evaluated and representa-
tiveness is improved.

In addition, the technique preserves tissue architecture, 
as opposed to the isolation of cells in flow cytometry. 
One further advantage of immunofluorescence multi-
plex image cytometry is high throughput evaluation on 
commonly available FFPE samples. In particular, all three 
antibodies are expressed in the same tissue sample in 
contrast to immunohistochemistry and multiple studies 
that have examined cells of epithelial, connective tissue 

and immune differentiation, separately from each other 
[9, 15, 32–46]. Moreover, plausibility of cell selection cri-
teria was confirmed through backward visualization. Fur-
thermore, fluorophores are more channel specific than 
dyes and comparably quantifiable. Also, the intensity of 
direct immunofluorescence correlated with the protein 
concentration of interest, although this correlation is 
often not linear [47].

Moreover, we managed to quantify the de-differen-
tiation of the tumor, the desmoplastic reaction and the 
antitumoral host immune response, which may allow 
for comparison within and/or between studies in the 
future. This was additionally a study with a control group. 
Control groups reduce bias by allowing researchers to 

Fig. 3  Histograms of positive- and isotype controls, and patients with oropharyngeal squamous cell carcinoma positive controls. Comparison 
of histograms of fluorescence signals between positive controls, patients with oropharyngeal squamous cell carcinoma (OPSCC) and isotype controls. 
Histograms of fluorescence signals after control incubation in the middle histograms (isotype controls) and specific fluorescence signals after test incu-
bation in the upper (positive controls) and lower (patients with OPSCC) histograms. Presentation of a random cell sample of the positive controls, their 
isotype controls and the patients with OPSCC. X-axis: mean intensity in logarithmic scale. Y-axis: Cell count. The left histograms represent cytokeratin 
fluorescence signal of CAL-27 tumor cell line, its isotype and patients with OPSCC, the middle histograms vimentin fluorescence signal of human gingiva 
fibroblast cell line, its isotype and patients with OPSCC and the right histograms CD45/CD18 fluorescence signal of lymphoma tissue, its isotype and 
patients with OPSCC
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confirm that study results are due to the manipulation of 
independent variables rather than extraneous variables 
[48].

Finally, analysis of different compartments, e.g., tumor 
cell cluster and stroma in OPSCC, was feasible. Tumor 
cell clusters were intentionally defined to include a small 
amount of the surrounding stroma. Known as the desmo-
plastic reaction, this interaction is an important mediator 
of cancer invasion and metastasis [49]. Demarcation of 
tumor cell clusters can be particularly difficult in poorly 
differentiated OPSCC due to the presence of numerous 
small tumor cell clusters as opposed to cohesive tumors 
with clearly outlined margins [50]. Our strategy allowed 
for exact definition of tumor cell clusters in all FFPE tis-
sue samples, regardless of their level of cohesiveness.

On the contrary, data analysis was an elaborate pro-
cess, despite consisting mainly of background correction, 
quantile normalization, and definition of cell popula-
tions. As no background correction tools were available 
from StrataQuest, background intensities had to be 
subtracted from the event intensities for each channel. 
Resulting negative fluorescence intensities were set to 
one. All associated event intensities less than zero after 
background correction were considered invalid, as nega-
tive signal-background relation lacks physiological sense.

The background corrected mean intensities sub-
stantially differed between channels. These variations 
occurred mainly due to differences in binding affinities 
and fluorophore loads of the antibodies, as well as char-
acteristics of the channel filters. Out of several available 
methods for normalization, well balanced channel inten-
sities were only achieved through quantile normalization.

Cell populations were defined by their mean intensities 
per channel. Intensity cutoffs based on the positive and 
isotype controls were not applicable due to overlaps and 
substantial differences within the controls. Instead, sum-
intensity-deciles, coefficient of variation of mean intensi-
ties and ratios between channel intensities were applied 
for statistical analysis (Table  1). However, investigator-
dependent issues may still exist.

The main outcome of the study was the percentage 
of the cell populations of each tissue compartments in 
patients with OPSCC and control patients. This was 
based on the antibodies that were applied in this study. 
These sufficiently recognized leukocytes, endothelial 
cells, fibroblasts and smooth muscle cells. Most of the 
common cells of epithelial differentiation presenting in 
OPSCC were identified, i.e., human cytokeratin 4–6, 8, 
10, 13 and 18 types. Types 7 and 19 were not recognized 
[32].

Results allowed for significant observations. In OPSCC 
patients, about 29% of all cells expressed an epithelial dif-
ferentiation, 28% a predominantly connective tissue dif-
ferentiation, and 28% a leukocytic differentiation. About 

15% of all cells could not be assigned to any of these three 
cell populations. A much smaller percentage of anaplas-
tic cells (below 2%) was encountered in control patients, 
in which about 51% of all cell expressed an epithelial dif-
ferentiation, 9% a predominantly connective tissue differ-
entiation, and about 37% a leukocytic differentiation. The 
direct vicinity of the control samples to the palatine ton-
sils, an area with highly so-called physiological inflamma-
tion, may explain the high proportion of immune cells in 
the control patients. Immune cells were found in the LP 
(49%), but also in the epithelial layer (22%). They physi-
ologically transmigrate the epithelial layer and thus enter 
the lumen of the upper aerodigestive tract. Chronic snor-
ing might further increase the proportion of inflamma-
tory cells in oropharyngeal mucosa.

The results in the control patients suggested that in 
normal oropharyngeal mucosa very few cells (below 2%) 
cannot be assigned to one of the three basic cell popu-
lations in contrast to the higher number of anaplastic 
cells observed in OPSCC patients (15%). The de-differ-
entiation of the tumor cells might explain this observa-
tion. Assumably, the differentiating features examined 
in patients with OPSCC can no longer be detected. In 
line with this observation, we noted that the cytokera-
tin mean intensity of the poorly differentiated tumor cell 
line CAL-27 was lower than that of the epithelial cells 
of normal mucosa. This might indicate that poorly dif-
ferentiated tumor cell cluster areas with low or isotype-
similar cytokeratin expression were not defined as tumor 
cell clusters during delineation of tissue compartments. 
Therefore, it cannot be ruled out that some tumor cell 
cluster areas were falsely classified as stroma. While the 
results of the whole tissue irrespective of compartment 
appear to be quite reliable, the results of the subdivi-
sion into the individual compartments such as tumor cell 
clusters and stroma as well as the results of tumor-stroma 
ratio should be interpreted with caution.

The abundance of cell populations was in line with 
existing data. In particular, the higher percentage of 
cells of epithelial differentiation in tumor cell clusters 
in HPV + samples compared to HPV- OPSCC samples 
(Table  5) indicated a higher degree of differentiation in 
HPV + OPSCC samples, which was in line with recent 
data [15, 35, 36]. The lower percentage of connec-
tive tissue cells in tumor cell clusters of patients with 
HPV + OPSCC (Table 5) may be associated with a lower 
fibroblast response compared to patients with HPV-
OPSCC. This observed “desmoplastic reaction” supports 
cancer migration and invasion in vitro, as reported by 
Bolt [9] and Rahrotaban [37]. In contrast, a higher per-
centage of connective tissue cells was identified in the 
stroma of HPV + compared to HPV- OPSCC samples 
(Table 5), as described by Mohamed and coauthors [38]. 
Furthermore, we observed a higher number of immune 
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cells in tumor cell clusters of HPV + OPSCC samples 
compared to HPV- samples (Table 5). Increased recruit-
ment of immune cells and tumor infiltrating lymphocytes 
in patients with HPV + OPSCC compared to patients 
with HPV- OPSCC has been reported in several studies 
[39–44].

Antibodies’ co-expression patterns resulted in identi-
fication of cytokeratin-vimentin-double-positive cells, 
which could be cells undergoing epithelial-mesenchymal 
transition (EMT) [51]. The percentage of cells in EMT 
in tumor cell clusters of patients with OPSCC was two 
(0.2%; HPV+) to three (0.3%; HPV-) times larger than 
the percentage of cells in EMT in control samples (0.0%; 
Table  5). Until now, no significant differences in EMT 
expression depending on the HPV status have been 
reported [45, 46]. Nevertheless, more cells in EMT may 
have been detected, if additional staining for other EMT 
markers, such as E-cadherin and β-catenin had been per-
formed [45, 46].

One additional outcome of the study was the tumor-
stroma ratio. A strong desmoplastic reaction with small, 
scattered tumor cell clusters was more often observed 
in HPV- OPSCC samples than in HPV + OPSCC sam-
ples (Fig. 1). Comparable data are scarce. These findings 
may partially explain the better outcomes observed in 
HPV + OPSCC. Better outcomes of head and neck malig-
nancies with big tumor cell clusters and little desmoplas-
tic reaction have been reported [52], whereas abundant 
stroma and small tumor cell clusters were associated with 
adverse prognostic factors [53].

This study had limitations. A major limitation was the 
elaborate nature of all steps of immunofluorescence mul-
tiplex image cytometry, from sample collection to statis-
tical analysis. Only acquisition of the scanned tissue area, 
including positive controls, isotype controls and channel-
spillover tissue (approximately 750 mm2) required more 
than 100 working hours [18]. This meticulous workup 
and the limited funding allowed examination of only 20 
patients. Thus, investigation of the correlation of the cell 
populations’ relative proportions with disease prognosis 
was not justified. Statistics were based on the number of 
the recognized cells (4,300,000 cells in total). Further-
more, the follow-up time was insufficient for important 
conclusions (mean overall survival time: 34 months). This 
case number and the follow-up time were too limited to 
draw a solid conclusion. Therefore, the results of the cur-
rent study might lack clinical significance. However, its 
potential applications in more clinically relevant areas 
of research may compensate for these study’s deficits in 
clinical significance.

A second limitation of this study was the lack of addi-
tional investigations due to the limited funding, such as 
the genetic background of these samples, by examina-
tion of the mutations or copy number variations of driver 

genes E6 and E7 [54]. Moreover, it would be interesting 
to investigate the HPV-status in control patients.

A third limitation included the dependence of the 
identification of tumor cell areas from high cytokeratin 
expression. This might have led to missing tumor cell 
clusters areas that were more de-differentiated. Future 
similar studies should verify and cross-check the iden-
tification of tumor cell areas in hematoxylin and eosin 
stains.

A fourth limitation included the absence of character-
ization and differentiation between the different types of 
immune cells, such as neutrophils, eosinophils, T-cells, 
B-cells, natural killer cells or macrophages. However, this 
would necessitate a different study design, with advanced 
hard- and/or software, much more additional fluores-
cence channels, as well as search, selection and titra-
tion of different antibodies to identify these immune cell 
types.

Conclusions
This preliminary report provided an analysis of propor-
tions of cells of epithelial, connective tissue and immune 
differentiation in FFPE tissue samples of patients with 
HPV + and HPV- OPSCC, as well as control sam-
ples, using whole-slide immunofluorescence multi-
plex image cytometry. De-differentiation of the tumor 
cells was quantified. De-differentiation was higher in 
HPV- OPSCC samples than in HPV + OPSCC samples. 
In tumor cells clusters, the antitumoral host immune 
response was higher in HPV + OPSCC than in HPV- 
OPSCC samples, whereas the fibroblast response was 
higher in HPV- OPSCC than in HPV + OPSCC samples. 
A more intensive desmoplastic reaction with scattering of 
tumor cell clusters was observed in HPV- OPSCC sam-
ples. Future studies may focus on the correlation of these 
findings with disease prognosis, examine the distribution 
of different immune cells such as neutrophils, eosinophils 
and lymphocytes, and include markers of EMT.
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