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Abstract 

Immunotherapy of vulvar high-grade squamous intraepithelial lesion (vHSIL) 
is investigated as an alternative for surgery, because of high comorbidity and 
risk of recurrence. Limited evidence exists on the role and composition of 
the immune microenvironment in current immunotherapeutic approaches 
for vHSIL. 

The vHSIL of 29 patients biopsied before treatment with imiquimod were 
analyzed by two multiplex seven-color immunofluorescence panels to investigate 
the pre-existing T cell and myeloid cell composition in relation to treatment 
response. The samples were scanned with the Vectra multispectral imaging 
system. Cells were automatically phenotyped and counted with inForm advanced 
image analysis software. Cell counts and composition were compared to that of 
vHSIL patients before therapeutic vaccination (n=29) and to healthy vulva (n=27). 

Our data show that the immune microenvironment of complete responders 
(CR) to imiquimod resembled the coordinated infiltration with type 1 CD4+ and 
CD8+ T cells and CD14+ inflammatory myeloid cells also found in healthy vulva. 
However, more CD8+ T cells and FoxP3+ regulatory T cells were present in CR. 
The lesions of partial responders (PR) lacked such a coordinated response and 
displayed an impaired influx of CD14+ inflammatory myeloid cells. Importantly, 
complete responses after imiquimod or therapeutic vaccination showed the 
same dependency on a pre-existing coordinated type 1 T cell and CD14+ 
myeloid cell infiltration. 

In conclusion, a good clinical outcome after two different forms of 
immunotherapy for vHSIL is associated with the presence of a primary 
inflammatory process resulting in the coordinated influx of several types of 
immune cells which is then amplified. 

Novelty and impact: This study is the first to show that a complete clinical 
response of patients with vulvar high-grade squamous intraepithelial lesions 
is associated with a pre-existent coordinated influx of type 1 T cells and CD14+ 
myeloid cells, irrespective of the type of successful immunotherapy given 
(topical imiquimod therapy, therapeutic vaccination). This coordinated immune 
microenvironment closely resembles that of healthy vulvar tissue, suggesting 
that an impaired primary inflammatory process functions as immune resistance 
mechanism in non-complete responders. 
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Introduction 

Vulvar High-grade Squamous Intraepithelial Lesion (vHSIL, previously 
known as usual Vulvar Intraepithelial Neoplasia, uVIN) is a premalignant 
lesion predominantly induced by high-risk Human Papilloma Virus type 
16 (HPV16). The current standard of care is surgery, which is associated 
with high comorbidity and recurrence, or topical application of the toll like 
receptor 7 (TLR7) agonist imiquimod to trigger innate immune responses 1, 2. 
In addition, new approaches are being investigated, aiming at either targeting 
the virus, using cidofovir 1, or by strengthening the immune system through 
systemic therapeutic vaccination to increase T cell reactivity against the viral 
oncoproteins E6 and E7. So far, complete responses have been observed in 
35-46% of patients treated with imiquimod 1, 2, 46% of patients treated with 
cidofovir 1 and 28% of vHSIL patients treated with therapeutic vaccination 3. 

Imiquimod is thought to act on macrophages and dendritic cells (DCs), thereby 
stimulating the local production of pro-inflammatory cytokines such as IFNγ, 
TNFα and IL-12 which may steer the immune microenvironment towards a 
milieu that fosters the development of type 1 and cytolytic T cell responses 
(reviewed in 4). In addition, imiquimod may interfere with the adenosine 
receptor signaling pathways, alleviating local suppression and boosting the 
pro-inflammatory response (reviewed in 5). Last but not least, it may also exert 
a pro-apoptotic effect on tumor cells, through caspase activation 6. Studies on 
the effects of imiquimod on the immune microenvironment of vHSIL revealed 
imiquimod-induced consistent increases in the numbers of CD8+ T cells, 
particularly in responding vHSIL patients 2, 7, 8. Increases in CD4+ T cells 7 and 
CD1a+ DCs 2 were also reported 2, 7, but not confirmed 8. Non-responsiveness 
was associated with increased numbers of regulatory T cells (Tregs) after 
treatment 7, 8. 

We recently used two multispectral immunofluorescence panels, one for 
T cells (CD3, CD8, FoxP3, Tim3, Tbet, PD-1, DAPI) and one for myeloid cells 
(CD14, CD33, CD68, CD11c, CD163, PD-L1, DAPI) to show that a complete 
regression of vHSIL after therapeutic HPV16 peptide vaccination was associated 
with a coordinated pre-existing pro-inflammatory immune microenvironment 
comprising type 1 CD4+ and CD8+ T cells and CD14+ inflammatory macrophages 
9. In contrast, studies on the pre-existing immune infiltrate before imiquimod 
treatment showed that the numbers of vHSIL infiltrating CD4+ and CD8+ T cells 
as well as CD1a+ dendritic cells and CD68+ macrophages were not predictive for 
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responsiveness 7, 8. In addition, while the number of pre-existing Tregs was a 
negative predictor in one study 7, it was not in another 8. Notably, most studies 
identified immune cells at the single marker level, and some at a double or 
triple marker level. This provides only limited insights in the complexity and 
functional status of the many different immune cells that together compose 
the immune microenvironment, when compared to the multispectral panels 
that can be used nowadays 9. 

This prompted the questions if a more in-depth study of the pre-existing 
immune microenvironment composition can reveal an immune profile 
related to response to imiquimod therapy and whether such a pre-existing 
immune profile in vHSIL differs from those vHSIL patients responding to 
therapeutic vaccination. Therefore, we studied the pre-treatment immune 
microenvironment of 29 vHSIL patients in relation to the clinical response after 
imiquimod treatment, and compared this to the pre-existing immune profile 
found in patients treated with a therapeutic HPV vaccine. Our data showed 
that a good clinical response to immunotherapy, being either imiquimod or 
therapeutic vaccination, is associated with a pre-existing pro-inflammatory 
coordinated immune microenvironment, characterized by CD14+ inflammatory 
cells, CD4+Tbet+ T cells and CD8+ T cells, and suggests that neither therapy is 
capable of overcoming an immunological cold microenvironment.

Materials and Methods 

Patient samples 
Pre-treatment formalin-fixed paraffin-embedded (FFPE) biopsies of 29 women 
of ≥18 years old with histologically confirmed vHSIL were retrospectively 
included. Patient samples were collected from two hospitals in the Netherlands: 
the Leiden University Medical Center (LUMC, Leiden, The Netherlands), and the 
Haga Hospital (the Hague, The Netherlands). Clinical complete response (CR, 
n=14) upon therapy was defined as 100% lesion clearance, partial response 
(PR, n=12) as ≥50% lesion clearance, and no response (NR, n=3) as <50% 
lesion regression. Moreover, FFPE healthy HPV-negative vulvar tissue from 27 
anonymized women who underwent labia reduction surgery was included. 

Multiplex immunofluorescence imaging 
Two seven-color multispectral immunofluorescence panels were applied, 
one for T cells, consisting of CD3, CD8, FoxP3, Tim3, Tbet, PD-1, DAPI, and 
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one for myeloid cells, consisting of CD14, CD33, CD68, CD11c, CD163, PD-L1, 
DAPI, as previously published in 9. In these panels a combination of direct 
detection (primary antibody directly labelled with fluorochrome) and indirect 
detection (fluorochrome labelled secondary antibody) of markers was 
used 10, and dim markers (PD-L1, PD-1 and Tbet) were tyramide signal 
amplified with Opal (PerkinElmer) to enable their detection by fluorescence 
microscopy. This combination of different marker detection methods, 
fully optimized for each marker, enabled the selection of the best primary 
antibodies without being restricted by clashing isotypes and species. 
Antibody specificity was first assessed with immunohistochemistry and 
monoplex immunofluorescence, tonsil slides serving as positive control, and 
subsequently the immunofluorescence detection conditions for each marker 
in multiplex immunofluorescence were optimized. A frequently encountered 
problem in multiplex immunofluorescence is spectral overlap between signals. 
To overcome this, we designed our panels in such a way that markers with an 
equally strong signal intensity were put in the same microscope detection filter, 
we alternated nuclear and membranous markers in the light spectrum when 
possible, and finally we found that alternating secondary Alexa fluorochromes 
(ThermoFisher Scientific) with CF dyes (Biotium) when spectral overlap 
between two consecutive Alexa fluorochromes was detected despite the 
minimal exposure times used, resolved the cross bleed of signal successfully. 
An overview of the antibodies and staining methods included in each panel 
are shown in Supplemental Table 1. In short, 4um FFPE tissue sections were 
deparaffinized, endogenous peroxidase was blocked with hydrogen peroxide 
and heat induced epitope retrieval was performed in the T cell panel with 
citrate (10mM, pH 6.0) and in the myeloid cell panel with tris-EDTA (10mM/1mM, 
pH 9.0). SuperBlock (ThermoFisher Scientific) was used to block non-specific 
binding sites. First, the antibodies detected by Opal were applied, followed by 
the unconjugated antibodies which incubated overnight. On the second day, 
after binding of the previous with their corresponding fluorescently labelled 
secondary antibodies, the directly labeled primary antibodies were incubated 
for 5 hours, and lastly DAPI was applied as nuclear counterstain 9.

Quantification of immune cells in the TME 
As published in 9, immunofluorescence images of the entire tissue sections were 
acquired with the Vectra 3.0.5 multispectral imaging microscope (PerkinElmer) 
at 20x magnification. Immune cells in the TME were automatically phenotyped 
and counted with inForm 2.4 image analysis software (PerkinElmer) after manual 
training. The software was trained to segment epithelium and stroma, segment 
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DAPI+ nucleated cells, and assign a phenotype to each cell. All phenotypes were 
visually inspected on accurateness, and if errors were detected the training was 
further optimized until all discrepancies were resolved. Given the multitude 
of possible co-expressed markers and the limited trainability of the inForm 
software in reliably detecting complex multi-marker expressing cell phenotypes, 
each seven-color panel was divided into multiple sub-analyses that contained 
a small number of markers which the inForm software could robustly identify 
(Supplemental Table 2). The phenotypes of all sub-analyses were merged per 
cell based on its X,Y-positions with an R script, which enabled the description of 
the full seven marker expression profile for each cell. Immune cell counts were 
normalized for tissue size (cells/mm2 epithelium and cells/mm2 stroma). After 
merging the sub-analyses, a threshold of a median cell count ≥ 10 cells/mm2 in 
at least one group (NR, PR, CR or healthy vulva) was applied to study the changes 
in biologically common phenotypes. 

Statistical analysis 
Statistical data analysis was performed with SPSS 25.0 (IBM Corporation). 
The median immune counts of the different groups (PR, CR and healthy vulva) were 
compared with the non-parametric Mann-Whitney U test. NRs were not included 
in the statistical analyses due to their small sample size (n=3). Pearson correlation 
was used to study correlations between the T cell infiltrate and the myeloid cell 
infiltrate in each group. Two sided p-values < 0.05 were marked as significant. 
GraphPad Prism 8.0.1 (GraphPad Software Inc.) was used to create graphs. 

Results 

The pre-treatment immune microenvironment reveals high heterogeneity 
between vHSIL patients. 
We analyzed the complexity of the vHSIL-infiltrating T cell and myeloid cell 
populations in 29 patients (Table 1), before topical imiquimod treatment, 
using two seven-color multiplex immunofluorescence panels (Supplemental 
Tables 1,2). Analyses of these images stained for T cells and myeloid cells 
(Figure 1; Supplemental Figures 1,2,3) revealed 6 different phenotypes of T 
cells and 8 different phenotypes of myeloid cells (Figure 2A). The CD3+CD8- T 
cells detected were designated as CD4+ T cells, based on our earlier study 
showing that on average 99% of the CD3+CD8- T cells were CD4+ T cells 9. 
Moreover, it showed that the vHSIL patients formed a heterogeneous group 
with high inter-patient variability in the numbers of intraepithelial and stromal 
immune cells (Figure 2A; Supplemental Table 3).
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Figure 1. Multiplex immunofluorescence to detect T cells and myeloid cells in vHSIL. 
A) Composite image including all individual markers of the seven-color T cell panel staining, consisting 
of the markers CD3, CD8, FoxP3, Tbet, Tim3, PD-1 and DAPI. B) Composite image including all individual 
markers of the seven-color myeloid cell panel staining, consisting of the markers CD33, CD68, CD163, 
PD-L1, CD14, CD11c and DAPI. 
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Figure 2. The pre-imiquimod TME differs between the different response groups. 
A) The numbers of intraepithelial and stromal infiltrating T cell and myeloid cell subtypes are presented as 
cells/mm2 epithelium and cells/mm2 stroma in the pre-imiquimod vHSIL biopsies of 29 patients. Each dot 
represents an individual sample, the horizontal bars indicate the median cell counts, the vertical bars are 
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the 95% confidence intervals. The B) T cell and C) myeloid cell infiltrate of the pre-imiquimod vHSIL patients 
when grouped according to response (PR, CR), and compared to healthy vulvar tissue (n=27), presented as 
median cells/mm2 epithelium and median cells/mm2 stroma. A threshold of a median cell count ≥ 10 cells/
mm2 in at least one group (NR, PR, CR or healthy vulva) was applied to study the changes in biologically 
common phenotypes. CR=complete responders (n=14); PR=partial responders (n=12). 

Differences in the myeloid cell compartment of vHSIL correlate with 
response to imiquimod. 
The vulva is a highly immune active anatomical location as shown by the high 
numbers of T cells and myeloid cells infiltrating this healthy tissue (Figure 2). 
To study if quantitative or qualitative differences in immune infiltrate were 
associated with a different clinical outcome in vHSIL, we grouped the patients 
by clinical response (PR, CR) and compared them to healthy tissue. This 
revealed that while the PR and CR patients displayed abundant T cell infiltration 
in the stroma, with higher numbers of CD8+ T cells and CD3+CD8-FoxP3+ Tregs, 
the intraepithelial T cell infiltration was considerably reduced as compared to 
healthy tissue, lacking CD3+CD8-PD1+/-Tbet+ activated type 1 T helper cells in 
particular (Figure 2B; Supplemental Table 3). No overt differences in T cell 
infiltration existed between the PR and CR patients (Figure 2B; Supplemental 
Table 3). The myeloid cell population differed the most among the different 
clinical groups. There was substantial intraepithelial and stromal infiltration 
by CD33+ immature myeloid cells (Figure 2C; Supplemental Table 3), which 
most likely are myeloid derived suppressor cells (MDSC) based on our earlier 
studies 11, but their numbers didn’t differ between the groups. Furthermore, 
a substantial fraction of the myeloid cells in the stroma comprised different 
populations of CD14+ inflammatory myeloid cells, in particular CD14+CD68-

CD163- cells and CD14+CD68+CD163+ M2 macrophages. Whereas the numbers 
of the different stromal CD14+ inflammatory myeloid cell subpopulations 
between healthy vulva and CR lesions didn’t differ much, the numbers of 
these myeloid cell subpopulations were significantly lower in the lesions of PR 
patients (Figure 2C; Supplemental Table 3). Finally, the number of stromal 
CD11c+ DCs was slightly increased in vHSIL when compared to healthy vulva.

Thus while the numbers and composition of infiltrating immune cells of CR 
patients most closely resembled that of healthy vulva, PR patients showed 
impaired infiltration with inflammatory myeloid cells (Figure 2).
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A disconnection between CD8+ T cell and myeloid cell infiltration in 
partial responders.
Coordination of the immune response plays an important prognostic role 
in many cancers 12. To assess how the infiltration of the various T cells and 
myeloid cells was connected, we used Spearman r correlation and plotted the 
correlation graphs for the groups of PR and CR patients (Figure 3). The patients 
with a CR after imiquimod treatment showed a general well-coordinated 
infiltration shown by the positive correlations between type 1 (defined as Tbet+) 
CD4+ and CD8+ T cells as well as the different types of myeloid cells. This was not 
only observed in the epithelial and stromal compartments but also between 
these compartments (Figure 3). In contrast, the vHSIL of patients with a PR 
after imiquimod treatment displayed a strong negative correlation between 
infiltrating CD8+ T cells (irrespective of Tbet expression) and the majority 
of myeloid cell subtypes, and this disconnection was observed in both the 
intraepithelial and stromal compartments (Figure 3). 

Figure 3. Correlation between the absolute numbers of tissue infiltrating T cells and 
myeloid cells in the pre-imiquimod vHSIL biopsies of partial responders and complete 
responders. 
Non-parametric Spearman r correlation analysis (two-tailed) was performed to analyze the co-infiltration 
of the indicated different immune cell subtypes in the epithelium (E) and stroma (S), and is shown in a 
heatmap for vHSIL partial responders and complete responders to topical imiquimod treatment. Red 
indicates a strong positive correlation between the two cell phenotypes, blue a strong negative correlation, 
the green squares indicate the most striking differences between the partial and complete responders. 
A threshold of a median cell count ≥ 10 cells/mm2 in at least one group (NR, PR, CR or healthy vulva) 
was applied to study the changes in biologically common phenotypes. CR=complete responders (n=14); 
PR=partial responders (n=12). 
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The composition of the vHSIL immune microenvironment in 
complete responders fits best with the mode of action of the chosen 
immunotherapeutic treatment. 
The correlation between a CR after imiquimod and a pre-existent high 
infiltration of the lesions with CD4+Tbet+ T cells and CD14+ inflammatory 
myeloid cells (Figure 2) as well as a coordinated overall immune cell infiltration 
(Figure 3) was also observed by us in vHSIL patients treated with a therapeutic 
vaccine containing synthetic long peptides of HPV16 E6 and E7 oncoproteins 9. 
This suggests that the immune composition of the lesions of CR patients is 
highly similar irrespective of the immunotherapeutic treatment. We, therefore, 
compared the composition of the stromal T cell and myeloid cell compartment 
in both groups of treated patients. Interestingly, the composition of the T cell 
fractions didn’t overtly differ between the groups of patients with a different 
clinical outcome after imiquimod treatment (Figure 4A), whereas this was 
clearly the case between the groups of patients treated with a therapeutic 
vaccine (Figure 4B). Interestingly, the myeloid cell composition didn’t differ 
much between the therapeutically vaccinated patient response groups, 
contrary to the different response groups to topical imiquimod treatment. 
In the latter, patients with a PR or CR had a considerably different myeloid cell 
composition compared to NR patients (Figure 4), implying that for response 
to imiquimod the number and composition of vHSIL infiltrating myeloid cells is 
of importance. Thus, whereas the composition of the T cell compartment was 
important for the outcome of a therapy aiming to improve the T cell response 
by therapeutic vaccination, the numbers of CD14+ cells in the myeloid cell 
compartment were more important for response to a treatment with topical 
imiquimod, known to stimulate myeloid cells 4 and CD14+ cells in particular 13 
(Figure 5).
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Figure 4. Fractional differences between the pre-imiquimod and pre-vaccination immune 
microenvironment in vHSIL, divided based on clinical response to the respective therapy. 
A) Fractional composition of the T cells and myeloid cells in the pre-imiquimod vHSIL cohort, grouped 
according to response (NR n=3, PR n=12, CR n=14), and compared to healthy vulva (n=27). B) Fractional 
composition of the T cells and myeloid cells in the pre-therapeutic vaccination vHSIL cohort, grouped 
according to response (NR n=12, PR n=10, CR n=7), and compared to healthy vulva (n=27). 
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Figure 5. Summary of complete responder’s vHSIL immune microenvironment in the 
context of the mode of action of imiquimod and therapeutic vaccination. 
The vHSIL immune microenvironment of complete responders to imiquimod and therapeutic HPV16 
synthetic long peptide (SLP) vaccination comprises a coordinated infiltration with type 1 (Tbet+) CD4+ and 
CD8+ T cells as well as CD14+ inflammatory myeloid cells. Imiquimod stimulates CD14+ myeloid cells to 
produce pro-inflammatory cytokines which activate and attract the type 1 T cells 13. Whereas, therapeutic 
vaccination stimulates the type 1 T cell response, which in turn produces cytokines that also stimulate 
the influx of the lesion by CD14+ myeloid cells 9. This figure was created using adapted images of Servier 
Medical Art, licensed under a creative commons attribution 3.0 unported license.
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Discussion 

Here we show that a complete regression of vHSIL after imiquimod treatment 
is associated with a pre-existing well-coordinated overall infiltration between 
T cells and myeloid cells, and in particular the influx of vast numbers of vHSIL-
infiltrating type 1 T cells and CD14+ inflammatory myeloid cells. Healthy vulva 
is richly infiltrated and guarded by pro-inflammatory T cells and myeloid cells. 
While the immune cell infiltration in the group of patients with a CR didn’t 
differ much from healthy vulva, the myeloid cell infiltration of lesions from PR 
patients was significantly lower than in healthy vulva. This was also visualized 
by the clear disconnection between the infiltration with CD8+ T cells and 
myeloid cells in the group of patients with a PR. The requirement for an ongoing 
T cell response for imiquimod to be effective was also previously reported 14 
but here it is shown that also a strong influx with CD14+ myeloid cells should 
be maintained. This would be in line with the mode of action of imiquimod 
which is acting predominantly on CD14+ cells 13, the activation of which leads 
to the increased infiltration of several types of adaptive immune cells 2, 7, 8. 
The presence of these CD14+ cells at lower numbers and in an unfavorable 
balance with suppressive immune cells (M2 macrophages, MDSC) may serve 
as a primary resistance mechanism to imiquimod treatment. 

In our recent study on the immune microenvironment of vHSIL completely 
regressing after therapeutic vaccination, we also found a well-coordinated 
immune infiltration in CR patients, and a positive association between 
clinical efficacy and high numbers of vHSIL-infiltrating type 1 T cells and 
CD14+ inflammatory myeloid cells. Moreover, the vHSIL that led to a PR after 
vaccination displayed a disconnection between CD8+ T cell and myeloid cell 
infiltration 9. However, as shown in the current study the clinical outcome after 
therapeutic vaccination was more related to differences in the composition 
of the CD4+ T cell fraction, fitting with the mode of action of this vaccine 3, 15-17. 

The combination of these two data sets leads to the conclusion that both 
a coordinated inflammatory immune response comprising type 1 CD4+ and 
CD8+ T cells, as well as CD14+ myeloid cells are potentially required for optimal 
immune control and clearance of vHSIL. Previously, it has been demonstrated 
that the rejection of human tissues (tumors, allografts, autoimmune flares) 
is associated with an almost identical modular signature and defined as the 
immunological constant of rejection (ICR) 18, 19. In the context of our observations 
that complete rejections of vHSIL are associated with the presence of vast 
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numbers of type 1 T cells and CD14+CD68-CD163- myeloid cells, it is of interest 
to know that the ICR is a process that begins with the induction of a primary 
inflammatory process leading to the chronic infiltration of monocytes and 
other cells related to innate immune mechanisms but lack effector function. 
The presence of pro-inflammatory signals such as IFNγ, which is likely to come 
from the Tbet+ T cells in vHSIL, induce the activation of monocytes, which in 
turn, may start to produce pro-inflammatory cytokines such as IL-12, IL-15, and 
IL-18, important cytokines to drive and sustain the type 1 immune response 
required for rejection 18, 19. Thus, it seems that both imiquimod and therapeutic 
vaccination will lead to complete rejections when the process of the ICR is 
already ongoing. 

Following this line of reasoning, it also implies that none of the two 
immunotherapeutic approaches is able to breakdown the barrier existing in 
cold lesions. We have shown that this is true for therapeutic vaccination 9. 
It is likely that this barrier is induced by the infection with HPV as healthy 
vulva tissue is strongly infiltrated with immune cells. So what could underlie 
an impaired primary process of inflammation? We and others have shown 
that HPV exploits several mechanisms to suppress the primary inflammatory 
process 20-22. In addition genomic instability in these lesions 23-25 may turn these 
lesions cold. In such cases, vHSIL lesions are better treated with cidofovir 
based on the fact that cidofovir and imiquimod were reported to be effective 
in two distinct biologically defined vHSIL groups, reflected by their HPV E2 DNA 
methylation status 26. 

Our study shows the benefits of using multispectral imaging in order to obtain 
a profile of the immune microenvironment, which are correlated to the success 
or failure of an immunotherapeutic treatment. While previous studies 2, 7, 8 were 
unable to find a relation between the numbers of immune infiltrating T cells or 
myeloid cells and clinical outcome, this was now possible because additional 
markers allowed for a better definition of the different subpopulations, some 
of which were correlated with the response to imiquimod or therapeutic 
vaccination. For future studies, it would be of interest to study the post-
imiquimod immune microenvironment because the imiquimod-induced 
changes in the different subsets of immune cells will increase our knowledge 
on what is exactly required for an effective immune control of HPV-induced 
lesions. 
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Supplemental Figures

Supplemental Figure 1.
Single marker photos of the multiplex A) T cell panel and B) myeloid cell panel in vHSIL
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Supplemental Figure 2.
InForm training and sub analyses T cell panel. The same tissue section is shown in Figure 1A. A) Seven 
markers signal extraction (step 1), tissue segmentation (step 2) and cell segmentation (step 3). B) Division 
of seven color image in four sub analyses for the detection of complex phenotypes: immunofluorescent 
images ( left image), and respective inForm recognition of phenotypes by assigning each phenotype a dot 
with a specific color (right image). C) The full fluorescent spectrum of the six identified T cell phenotypes
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Supplemental Figure 3.
InForm training and sub analyses myeloid cell panel. The same tissue section is shown in Figure 1B. A) Seven 
markers signal extraction (step 1), tissue segmentation (step 2) and cell segmentation (step 3). B) Division 
of seven color image in three sub analyses for the detection of complex phenotypes: immunofluorescent 
images ( left image), and respective inForm recognition of phenotypes by assigning each phenotype a 
dot with a specific color (right image). C) The full fluorescent spectrum of the eight identified myeloid cell 
phenotypes
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Supplemental Tables

Supplemental Table 1. Design seven-color T cell panel and myeloid cell panel, antibodies 
and detection method per marker.

T cell panel
Marker Primary antibody 

clone and company
Primary 
antibody 
isotype

Secondary 
antibody

Detection method

PD-1 D4W2J Cell Signaling 
Technology

Rabbit IgG Poly-HRP and 
Opal 570

Opal tyramide signal 
amplification

Tbet D6N8B XP Cell 
Signaling Technology

Rabbit IgG Poly-HRP and 
Opal 520

Opal tyramide signal 
amplification

FoxP3 236A/E7 Invitrogen 
ThermoFisher

Mouse IgG1 CF goat anti 
mouse IgG1 633

Secondary antibody 
fluorochrome labelled

CD8 4B11 Novocastra Mouse IgG2b Alexa goat anti 
mouse IgG2b 
647 

Secondary antibody 
fluorochrome labelled

Tim3 D5D5R XP Cell 
Signaling Technology

Rabbit IgG Alexa goat anti 
rabbit IgG 680

Secondary antibody 
fluorochrome labelled

CD3 D7A6E Cell Signaling 
Technology, directly 
labelled with Alexa 
594

Rabbit IgG - Directly fluorochrome 
labelled primary 
antibody

DAPI ThermoFisher - - Fluorescent probe

Myeloid cell panel
Marker Primary antibody 

clone and company
Primary 
antibody 
isotype

Secondary 
antibody

Detection method

PD-L1 SP142 Spring 
Bioscience 

Rabbit IgG Poly-HRP and 
Opal 520

Opal tyramide signal 
amplification

CD14 D7A2T Cell Signaling 
Technology

Rabbit IgG CF donkey anti 
rabbit IgG 633

Secondary antibody 
fluorochrome labelled

CD33 PWS44 Novocastra Mouse IgG2b Alexa goat anti 
mouse IgG2b 
647

Secondary antibody 
fluorochrome labelled

CD163 10D6 Invitrogen 
ThermoFisher

Mouse IgG1 CF goat anti 
mouse IgG1 680

Secondary antibody 
fluorochrome labelled

CD11c EP1347Y Abcam, 
directly labelled with 
Alexa 546

Rabbit IgG - Directly fluorochrome 
labelled primary 
antibody

CD68 D4B9C XP Cell 
Signaling Technology,  
directly labelled with 
Alexa 594

Rabbit IgG - Directly fluorochrome 
labelled primary 
antibody

DAPI ThermoFisher - - Fluorescent probe
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Supplemental Table 2. Sub-analyses of the T cell panel and myeloid cell panel as used 
in InForm.

T cell panel Myeloid cell panel

Sub-analysis 1 CD3+CD8- FoxP3- (T helper 
cell)
CD3+CD8+FoxP3- (CD8+ T 
cell)
CD3+CD8- FoxP3+ regulatory 
T cell)
CD3-CD8-FoxP3- (no T cell)

CD68+CD163- (M1 macrophage)
CD68+CD163+ (M2 macrophage)
CD68-CD163+ (CD163+ non-
macrophage)
CD68-CD163- (non-macrophage)

Sub-analysis 2 Tbet+ (IFNγ producing T cell) 
Tbet- (Tbet- cell)

CD11c+CD14- (DC)
CD11c+CD14+ (inflammatory DC)
CD11c-CD14+ (inflammatory myeloid 
cell)
CD11c-CD14- (CD11c- and CD14- cell)

Sub-analysis 3 PD1+ (activated PD1+ T cell) 
PD1- (PD1- cell)

CD33+PDL1- (immature myeloid cell)
CD33+PDL1+ (immature PDL1+ 
myeloid cell)
CD33-PDL1+ (mature PDL1+ myeloid 
cell)
CD33-PDL1- (CD33- and PDL1- cell)

Sub-analysis 4 Tim3+ (activated Tim3+ T cell) 
Tim3- (Tim3- cell)
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