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The ratio of CD8C/FOXP3 T lymphocytes infiltrating breast tissues predicts the relapse
of ductal carcinoma in situ
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ABSTRACT
In a series of 248 tumor samples obtained from image-guided biopsies from patients diagnosed with
ductal carcinoma in situ of the breast, we attempted to identify biomarkers that predict microinfiltration at
definitive surgery or relapse during follow-up. For this, we used immunohistochemical methods, followed
by automated image analyses, to measure the mean diameter of nuclei (which correlates with ploidy), the
phosphorylation of eukaryotic initiation factor 2a (eIF2a, which reflects endoplasmic reticulum stress) as
well as the density and ratio of CD8C cytotoxic T lymphocytes and FOXP3C regulatory T cells. The median
nuclear diameter of malignant cells correlated with eIF2a phosphorylation (in cancerous tissue), which in
turn correlated with the density of the CD8C infiltrate and the CD8C/FOXP3 ratio (both in cancerous and
the adjacent non-cancerous parenchyma). Neither microinfiltration nor lymph node involvement was
associated with the probability of relapse. Both correlated positively with the CD8C/FOXP3 ratio in the
malignant area. In contrast, relapse was associated with a paucity of the CD8C infiltrate as well as an
unfavorable CD8C/FOXP3 ratio, both in malignant and non-malignant parenchyma. The combined
analysis of the CD8C/FOXP3 ratio in cancerous and non-cancerous tissues revealed a significant impact of
their interaction on the probability of relapse, but not on the presence of microinfiltration or lymph node
metastasis. Altogether, these results support the idea of an immunosurveillance system that determines
the risk of relapse in ductal carcinoma in situ of the breast.

Abbreviations: (C), cancerous; CRT, calreticulin; CTL, cytotoxic T lymphocytes; DCIS, ductal carcinoma in situ; eif2a,
eukaryotic initiation factor 2a; ER, estrogen receptor; HE, hematoxylin-eosin; (NC), non-cancerous; PR, progesterone
receptor; ROI, regions of interest; TMA, tissue micro array; Treg, regulatory T cells
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Introduction

Breast cancer is under strong immunosurveillance, as indicated
by numerous clinical studies revealing that the density, compo-
sition, and functional state of the immune infiltrate dictates
patient prognosis, as well as therapeutic responses to adjuvant
or neoadjuvant chemotherapy.1-7 This applies to the composi-
tion of the immune infiltrate at diagnosis,1-4,8,9 as well as for
the dynamic changes induced by anthracycline-based chemo-
therapy, in which an amelioration of the ratio of CD8C cyto-
toxic T lymphocytes (CTL) over FOXP3C regulatory T cells
(Treg) correlates with favorable outcome.10

The recognition of cancer cells by immune effectors
requires two parameters, namely, antigenicity (the presence of
tumor-associated antigens that usually either result from
mutations yielding mutated proteins or the ectopic expression
of genes/proteins that normally are only transcribed/translated
in embryonic development or in the testis) and adjuvanticity
(the presence of co-stimulatory signals that activate innate
immune effectors).11-13 One of the mechanisms increasing
tumor cell adjuvanticity is linked to the very mechanism of
oncogenesis, which often (in at least 40% of malignancies)
involves a tetraploidization event (i.e., genome duplication),
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followed by a gradual depolyploidization due to chromosome
loss.14-16 Interestingly, tetraploid cells are characterized by an
endoplasmic reticulum stress response (that leads to an
increase in the phosphorylation of eukaryotic initiation factor
2a (eIF2a)17 and enhanced surface exposure of the endoplas-
mic reticulum protein calreticulin (CRT) on the cell surface,
facilitating immune recognition of the cells through an adju-
vant effect.18-22 As a result, downregulation of CRT exposure,
eIF2a phosphorylation, and reduction in ploidy occur under
the pressure of the immune system, generating near-to-diploid
cells that can escape from immune control. This sequence of
event has been observed in hormone-induced breast cancer
models as well.10

Ductal carcinoma in situ (DCIS), also known as intraductal
carcinoma, is a non-invasive cancerous lesion of the breast that
is usually detected at routine mammography.23,24 Its treatment
is mostly based on local therapies (surgery and radiation ther-
apy), which frequently achieve definitive cure. Adjuvant endo-
crine therapy is controversial, its benefit being limited to the
prevention of local and contralateral relapse. The dynamically
evolving profiles of DCIS are highly variable; some cases of
DCIS are truly indolent while others may rapidly evolve to
locally invasive disease and even metastatic dissemination.
Indeed, a current controversy questions the utility of detecting
DCIS, and mammographic screening have been accused to lead
to over-diagnosis and over-treatment. For this reason, novel
biomarkers that accurately predict DCIS evolution are urgently
needed. Previous works have shown that heavily CD8C lym-
phocyte-infiltrated DCIS is associated with a spontaneous
“healing” phenotype (with periductal fibrosis and extensive
obliteration of cancerous tissue)25 and that triple negative-
DCIS are infiltrated by PDL-1C CD8C-lymphocytes26, yet have
not established any relationship between prognosis and the
immune infiltrate in DCIS.

Based on the consideration that biomarkers predicting the
fate of patients with DCIS are elusive, we investigated the
potential utility of measuring ploidy, eIF2a phosphorylation,
and CD8C/FOXP3 ratios in a series of patients DCIS and inva-
sive ductal carcinoma. Here, we report that an unfavorable
CD8C/FOXP3 ratio predicts the relapse of DCIS.

Results and discussion

Study design and clinicobiological characteristics of the
patient population

As a result of mammographic screening, a total of 248 consecu-
tive patients (2005–2007) from a single institution, for which
initial material was available, were diagnosed with ductal in situ
breast cancer on initial image-guided biopsy and selected for
the present study (Table 1). At definitive surgery, 199 were con-
firmed to be pure DCIS, while 44 exhibited a localized infiltra-
tion of the breast tissue by malignant cells (microinfiltration)
alone, two lymph node infiltration alone, and three both micro-
infiltration and lymph node positivity. One-hundred-eleven
patients were treated by surgery only while 137 received an
adjuvant treatment (Table 1). At a median follow-up of 49 mo,
26 patients relapsed either in the ipsi- or contralateral breast.

Among these relapsed patients, nine were treated, as first line
treatment, by surgery alone, seven received adjuvant radiother-
apy (RT), five patients received RT and hormonal treatment,
and five received adjuvant chemotherapy (CT) concomitant to
RT and/or hormonal treatment. Hence, a total of 20 patients
among 199 true DCIS (i.e., without microinfiltration and with-
out spreading to lymph nodes) relapsed, and the relapse rate
did not correlate with microinfiltration and lymph node inva-
sion (Fig. 1). Based on our previous results linking nuclear size,
endoplasmic reticulum stress and immunosurveillance,10 we
determined the nuclear size by hematoxylin-eosin (HE) stain-
ing and morphometric analysis (Figs. 2A–D), measured the
intensity of eIF2a phosphorylation by immunohistochemistry
and image analysis (Figs. 2E–H) and determined the density of
infiltrating CD8C CTL (Figs. 3A–D) and FOXP3C Treg
(Figs. 3E–H) both in the cancer (cancerous, C) and in the adja-
cent normal (non-cancerous, NC) tissue, in the whole cohort.
We then correlated all histological parameters (median nuclear
size, eIF2aP, CD8C infiltrate, and CD8C/FOXP3 ratio) in (C)
and (NC) with all clinical parameters (relapse, microinfiltra-
tion, lymph node positivity, menopause, histological grade, and
hormone receptor status). As to be expected, estrogen receptor
(ER) and progesterone receptor (PR) positivity correlated
among each other, yet were negatively associated with HER2
status and high grade, while HER2 positivity correlated with
high grade (Fig. 4). ER and PR expression were negatively asso-
ciated with microinfiltration, while HER2 expression, grade,
and lymph node metastasis positively correlated with microin-
filtration (Fig. 1, Fig. 4).

Table 1. Clinico-pathological features of the patient population and outcome.

Parameter Number (%)

Patients 248
Spots 1,632 (at least three for each patient)
Age < 40 y old: 18 patients (7%)

40–50 y old: 80 patients (32%)
51–70 y old: 121 (49%)
> 70 y old: 29 patients (12%)

Menopause 110 patients (44%)
Estrogen receptor status pos � 10: 165 patients (66%)
Progesterone receptor status pos � 10%: 108 patients (44%)
HER2 status 0: 104 patients (55%)

2C: 18 patients (9%)
3C: 68 patients (36%)
Missing: 58 patients

Nuclear grade 1: 18 patients (7%)
2: 108 patients (44%)
3: 122 patients (49%)

pN status pN0 : 243 patients (98%)
pN1mi : 2 patients (1%)
pN1a : 3 patients (1%)

Presence of a microinfiltration 49 patients (20%)
Adjuvant treatment No adjuvant therapy: 111 patients (45%)

RT alone: 36 patients
Hormonal treatment alone: 22 patients
RT C hormonal treatment: 65 patients
CT § RT§hormonal treatment: 14 patients

Total relapses) 26 patients (10%)
Ipsilateral DCIS relapse 7 patients (27%)
Ipsilateral invasive BC relapse 3 patients (12%)
Contralateral DCIS relapse 11 patients (42%)
Contralateral invasive BC relapse 5 patients (19%)

Abbreviations: CT, chemotherapy; RT, radiotherapy; BC, breast cancer.
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Correlations among nuclear size, eIF2a phosphorylation,
and immune infiltration

The median size of nuclei in (C) tissues correlated with that of
the adjacent (NC) tissue. Similarly, the phosphorylation of
eIF2a correlated between (C) and (NC) (Fig. 4). These correla-
tions were observed in the entire cohort (that included a few
cases of microinfiltration and lymph node infiltration, Table 1)
and for the cohort that only included cases of confirmed DCIS
(Fig. S1) However, only nuclear size in (C) (not in (NC)) corre-
lated with eIF2a phosphorylation (Fig. 4, Fig. S1). This latter
correlation was both obtained if nuclear size and eIF2a phos-
phorylation were plotted against each other as continuous vari-
able (Fig. 5A) or when a threshold was applied to identify cells
with particular large nuclei (>17 mm in diameter) and their
percentage was plotted against the intensity of eIF2a phosphor-
ylation (Fig. 5B). A positive correlation was detectable between
median nuclear size in (C) and the density of the CD8C infil-
trate or the CD8C/FOXP3 ratio in (NC) (Figs. 5C and D). A
positive correlation was also detectable between eIF2a phos-
phorylation and the density of the CD8C infiltrate or the
CD8C/FOXP3 ratio in (NC) (Figs. 5E and F). Hence, these find-
ings are compatible with the concept that ploidy-associated
endoplasmic reticulum stress favors local immune responses.

Correlations between immunohistochemical, clinico-
biological parameters, and disease-free survival

The HER2 status and grade correlated with an increase in
nuclear diameter and in the density of CD8C T cells (Fig. 4,
Figs. S1, 2A, B, D, E); ER negatively correlated with increased
nuclear diameter (Fig. S2C). Relapse was associated with a pau-
city of the CD8C infiltrate, as well as a poor CD8C/FOXP3
ratio, both in (C) and (NC), in line with the idea that the local
immune response can protect against relapse (Figs. 6A–D).

However, relapse failed to significantly correlate with nuclear
size and with eIF2a phosphorylation (Fig. 4, Fig. S1). Lymph
node metastasis correlated positively with nuclear diameter, the
CD8C infiltrate and the CD8C/FOXP3 ratio (Fig. 4, Figs. S2F–
H). In contrast, microinfiltration was solely associated with an
increase in eIF2a phosphorylation (only in (C)) as well as with
an augmentation of the CD8C/FOXP3 ratio (only in (NC))
(Fig. 4, Fig. 6E and F). Next, we investigated the impact of the
combined assessment of the CD8C/FOXP3 ratio (both in (C)
and in (NC)) on the major clinical parameters investigated
here and on outcome. This type of analysis confirmed that
relapse was associated with a reduction in the CD8C/FOXP3
ratio both in (C) and (NC) (Figs. 7A and B). In contrast, micro-
infiltration and lymph node positivity were not correlated with
significant alterations in the CD8C/FOXP3 ratio when (C) and
(NC) were subjected to a combined statistical evaluation
(Figs. 7C and D).

Concluding remarks

The present results corroborate the conjecture that an increase
in cellular ploidy (reflected by an augmentation of nuclear
diameter) causes an increment in endoplasmic reticulum stress
(reflected by eIF2a hyperphosphorylation), which in turn
favors local immune responses mediated by CD8C T lympho-
cytes (and counteracted by FOXP3C regulatory T cells). More-
over, a paucity in the density of CD8C T lymphocytes
(resulting in an unfavorable CD8C/FOXP3 ratio) within the
malignant area indicated a higher probability of relapse.
Intriguingly, the correlation between nuclear diameter and
eIF2a phosphorylation, as well as that between
eIF2a hyperphosphorylation and CD8C infiltration, were also
observed in “normal” breast parenchyma. Furthermore, an
unfavorable CD8C/FOXP3 ratio in the non-cancerous tissue
was associated with relapse. These findings suggest that either
the “non-cancerous” tissue is not entirely normal (as this is also
suggested by the positive correlation between nuclear size in
malignant and adjacent tissues). Indeed, the results suggest that
FOXP3C cells are abnormally underrepresented in (NC) tis-
sues, setting the stage for microinvasion. This suggestion invig-
orates the crucial importance of keeping in check inflammation
in peripheral tissues. Alternatively, it may indicate that immune
cells do not only patrol malignant lesions but also the adjacent
normal tissue, perhaps due the existence of cross-reactive self-
antigens. We found that two clinical parameters, namely
microinvasion of the tissue by breast carcinoma cells and
lymph node metastases, were associated with more favorable
(rather than unfavorable) CD8C/FOXP3 ratios in the cancer.
Hence, immunosurveillance (reflected by CD8C/FOXP3 ratios)
apparently does not protect against local or distant dissemina-
tion. In accord with this interpretation, in the cohort of breast
cancer patients investigated here, dissemination of malignant
cells into the adjacent tissue and lymph nodes was not associ-
ated with relapse.

Relapse was as likely to occur in the same mammary gland in
which DCIS had been diagnosed and in the contralateral one.
Since some cases of DCIS have an inherent potential for distant
metastatic spread, a further in-depth analysis focusing on this
topic would require genomic sequencing of the primary and the

Figure 1. Venn representation of clinical data. The three sets represent the three
clinical classifications. The p-values represent the results of Fisher’s exact tests,
searching for a correlation between each pair of clinical classification.
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Figure 2. Intraductal carcinoma (DCIS) and breast control tissue micro-array (TMA) with analysis of the phosphorylation of eIF2a. (A) Representative core (hematoxylin/
eosin stain). (B) Automated image segmentation by Definiens Software: automatic assessment of the epithelial component (orange) and the stromal tissue (yellow).
(C, D) Two examples of high-magnification images to visualize, analyze, and quantify by automated Definiens Software each nucleus for each core. Nuclei are classified
according to the surface: small (yellow); orange (medium); red (large); gray (not classified). Several parameters (area, roundness, compactness, distance to scene border,
length, width, and circularity) were provided for each nucleus in a parallel analysis. (E–H) Representative pictures of phospho-eIF2a staining: (E, G) weak phospho-eIF2a
cytoplasm staining in normal breast tissue and cancer tissue, (F, H) intense phospho-eIF2a cytoplasm staining in normal breast tissue and in malignant areas. The average
of the immunohistochemical marker intensity of the cytoplasmic staining is expressed as absolute number by semi-automated Definiens Software quantification.
Magnification 20£.
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Figure 3. CD8C and FOXP3C infiltrating lymphocytes in intraductal breast cancer (DCIS) and in healthy tissue. Representative pictures of immunohistochemical
staining of primary paraffin-embedded breast normal tissue samples and DCIS using CD8C (negative CD8 staining in (A, C) and positive CD8 staining in (B, D))
or FOXP3-specific (negative FOXP3 staining in (E, G) and positive FOXP3 staining in (F, H)) antibodies (brown). The exact number of CD8C lymphocytes was
evaluated after manual spot recognition by ImageJ software and R software analysis (http://www.r-project.org/) in the epithelial tissue and in the surrounding stro-
mal tissue.
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relapsed cancer to determine whether the recurrent lesion truly
stems from the primary tumor that had been surgically removed
or whether it is a different tumor that has been developing inde-
pendently. Future studies should clarify this issue.

In synthesis, it appears that an unfavorable CD8C/FOXP3
ratio, both in malignant and adjacent tissues, correlates with sub-
sequent local or contralateral relapse of DCIS. It will be important
to validate this biomarker in future prospective studies.

Materials and methods

Patients

A tissue micro array (TMA) from 272 specimens of DCIS and
from the corresponding normal ductal epithelium was utilized
for the study (grant application “TMA DCIS Gustave Roussy
Cancer Campus; Odyssea funding”).

The exploitable samples involved a cohort of 248 patients
with DCIS diagnosed between 2005 and 2007 and treated in
the Department of breast cancer at Gustave Roussy Cancer
Campus, (Villejuif, France) (Table 1). Cases were selected when
the initial image-guided biopsy sample was available, as well as
surgical material. Complete clinical data were collected and
have been updated in June 2015. The whole project has been
approved by Gustave Roussy’s Institutional Review Board. Sixty
per cent of the patients (n D 150) were older than 50 y old at
the time of diagnosis (among them 29 patients older than 70 y
old), while 32% (n D 80) were aged between 40 and 50 y and
only 7% (n D 18) were less than 40 y old. All patients received
first line surgery while adjuvant chemotherapy, endocrine ther-
apy, and local radiotherapy were delivered if recommended
according to the risk of relapse. Overall 45% (n D 111) of the
patients received only surgery as first line treatment, while 55%
of the patients (n D 137) received also an adjuvant treatment

Figure 4. Heat map representation of statistical correlations among all measured parameters. Top right triangle is a two-entries table of signed p-values (p-value sign cor-
responds to relation sign). Bottom left triangle is a color representation of signed p-value, in log10 scale given by small color panel on top (dashed yellow lines represent
significant threshold: § log10(0.05). The relation tests between two numerical parameters (median nuclear size, eIF2a, CD8C infiltrate, CD8C/FOXP3 ratio) is the Pearson’s
correlation test. The relation test between a numerical parameter and a two-level parameter (relapse, microinfiltration, menopause, lymph node positivity, ERC, PRC) is
the t-test. The relation test between a two-level parameter and another two-level parameter is the Fisher’s exact test. The relation test between a numerical parameter
and a multi-level (>2) parameter (grade, HER2C) uses a linear model (explaining numerical parameter with the multi-level parameter). The relation test between a two-
level parameter and a multi-level (>2) parameter is the t-test. (C) and (NC) represent cancerous and non-cancerous tissue, respectively.
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(Table 1). The local ethical committee approved the study, and
all patients gave written informed consent at the time of the
diagnosis for the use of tumor samples for research purposes.
One hundred sixty five specimens (66%) were ERC (cut-off:
10%) while 108 (43%) were PRC (cut-off: 10%). The HER2
amplification was evaluable only on 190 specimens: 104 sam-
ples were HER2¡ (55%), 18 (9%) were classified as mildly posi-
tive and 68 (36%) with a strong HER2C staining. The
histological grade of the tumors was grade 1 for 18 patients
(7%), grade 2 for 108 (44%), and grade 3 for 122 patients
(49%). Forty-nine samples (20%) presented histological

microinfiltration (mi) while only five patients presented lymph
node infiltration (pN1mi D 2; pN1a D 3). With a median fol-
low-up of 4.1 y, 26 (10%) patients presented ipsilateral or con-
tralateral cancer relapses.

TMA construction

Tumor tissues from resected tumors from paraffin blocks of
samples taken as part of standard care were used to construct
tissue microarrays. For each primary tumor three spots of
1.0 mm were created from two different blocks when feasible.

Figure 5. Scatter plots of significant correlations. Scatter representation of parameters pairs, whose Pearson’s correlation coefficient is significantly different from zero.
Correlation coefficient (r-value) and p-value of Pearson’s correlation test is given on top of each panel. (C) and (NC) represent cancerous and non-cancerous tissue, respec-
tively. Dashed lines represent the first principal component.
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For the normal tissue, a total of three spots per patient selected
away from the tumor area were created from at least two differ-
ent blocks (total spot analyzed: 1,632 spots).

Measurement of DNA ploidy

DNA ploidy was determined on the HE by the nuclei diameter
measurement. Image analysis was performed using Definiens
analytic software (Definiens Inc., Munich, Germany) with a
customized algorithm and application for identifying the pre-
cise regions of interest (ROI). After identifying each spot, the
software was able to distinguish between epithelial tissue and
stroma (complete automated image segmentation procedure),
then, focusing on epithelial tissue, was able to classify each
identified nucleus according with its surface and characterized
several geometric object-specific features for each nucleus
(area, roundness, compactness, distance to scene border,
length, width, and circularity). Nuclear ploidy was determined
by the measurements of the nuclei lengths (largest diameter).
All the ROI were manually reviewed.

Immunohistochemistry

Phospho-eIF2a
Paraffin-embedded TMA DCIS specimens were manually
assessed for the Phospho-eIF2a staining (monoclonal anti-
Phospho-eIF2a (Ser51) antibody (ab32157, Abcam) in order to
analyze the correlation between hyperploid DNA content and
endoplasmic reticulum stress response.17,27-29 Antigen retrieval
was performed by incubating slides in citrate buffer (pH 7.3)
for 20 min at 98�C and cooling them for 30 min, at room tem-
perature (RT). The sections were mounted on Shandon

Sequenza coverplates (Thermo Fisher Scientific, 72-199-50) in
distilled water. Sections were then saturated 2 h with TBS-1%
BSA-10% of goat serum (VECTOR). Without washing, the pri-
mary antibody, a monoclonal rabbit anti Anti-Phospho-eIF2a
(phospho S51) antibody (7mg/mL, # ab32157, abcam), was
incubated overnight. Endogenous peroxidase activity was
inhibited with 3% hydrogen peroxidase (DAKO) for 15 min
followed by the secondary antibody (Envision-Rabbit, Dako)
for 45 min. Peroxidase activity was revealed by means of dami-
nobenzidine substrate (DAB, Dako), and the sections were
counterstained with Mayer’s hematoxylin. After staining,
images were acquired with a Virtual Slides microscope VS120-
SL (Olympus, Tokyo, Japan), 20X air objective (0.75 NA).
TMA images stained for Phospho-eIF2a were analyzed using
the Cell simulation and Cytoplasm Marker Instensity algorithm
of Tissue Studio from Definiens. The stain values are based on
the conversion of the red, green, and blue (RGB) space to the
Hue—Saturation-Density (HSD) model. Definiens retrieved
the stain value for each pixel (pixel intensities) in all cytoplasms
for each cell analyzed. This allows for the automatically calcula-
tion of stain intensity. The results were automatically arranged
exported and available for further statistical calculations.30

CD8C and FOXP3
TMA slides were assessed for the infiltration by CD8C (Novocas-
tra, Newcastle, UK, NCL-L-CD8-295, clone 1A5, CD3.1 g/L,
dilution 1/25) performed on a BenchMark XT automated immu-
nostainer (Ventana, Tucson, AZ, USA). Antigen retrieval was
performed by incubating slides in EDTA buffer (pH 8.0) for
30 min at 95�C. Then the antibody was incubated for 32 min and
revealed by ultraView Universal DAB Detection Kit (Roche,
#760-500). FOXP3C Tregs’ staining was manually assessed using

Figure 6. Box plot of significant difference of numerical parameters, according to clinical annotation. Box plot of different numerical parameters that are significantly different
according to relapse or microinfiltration. The p-value of the associated t-test is given on top of each panel. (C) and (NC) represent cancerous and non-cancerous tissue, respectively.
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the Novolink Kit (Menarini Diagnostics, RE7140-K). The sections
were deparaffinized by Xylene and then rehydrated in alcohols
and water. Antigen retrieval was carried out by heating slides for
30 min in Tris-EDTA buffer (pH 9.0) at 98�C. The steps of block-
ing of endogenous peroxidase activity, saturation of non-specific
sites, revelation by secondary antibody, and counterstaining were
performed according to the instructions of supplier of the kit. The
TMA slides were incubated 1 h at RT with a primary antibody
specific for FOXP3 (ab450, Abcam) at the final concentration of
4 mg/mL.31-33

Original Visual Saliency Induced (VSI)-coded images were
converted into TIFF-coded files by using the VSI-reader plugin
developed for the Fiji software (http://fiji.sc/Fiji) by the BioI-
maging and Optics Platform of EPA (http://biop.epfl.ch/

TOOL_VSI_Reader.html). These converted images were then
analyzed by means of the morphometric analysis tool devel-
oped in R (https://www.r-project.org/) by Sauvat et al.22

Data analysis

For each patient, we considered the following biological
parameters:

-- “Median size:” the average, over replicates, of the median
nucleus size in (C) and in (NC).

-- “Ratio of size > 17 mm:” the ratio of nucleus size larger
than 17 mm, by pooling all nucleus sizes over replicates.

-- “EIF2a:” the average, over replicate, of the log10 of Phos-
pho-eIF2a in (C) and in (NC).

Figure 7. Scatter plots of CD8C/FOXP3 infiltration, with clinical color annotation. Scatter representation of CD8C/FOXP3 ratio, in cancerous (C) and in non-cancerous (NC)
tissue. Panels (A), (C), and (D) include all patients listed in Table 1; Panel (B) includes only the sub-cohort with lymph node negative and no microinfiltration. The colors
represent the clinical annotation: Panels (A) and (B): relapse; Panel (C): microinfiltration; Panel (D): lymph nodeC. The p-values are based on two-dimensional linear model,
testing the significance of the linear coefficients.
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-- “CD8C infiltrate:” the average, over replicate, of the log10
of CD8C percentage in (C) and in (NC).

-- “CD8C/FOXP3 ratio:” the average, over replicate, of the
log10 of CD8

C/FOXP3 ratio in (C) and in (NC).
The log10 was taken in order to obtain Gaussian behavior of

the numerical variables. Considering the whole set of biological
and clinical parameters, we could then apply Pearson’s correla-
tion tests, t-tests, and linear models, as described in the legend
to each figure.
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