
Supplemental Online Information for

Coordination of intratumoral immune reaction and human colorectal cancer 

recurrence

Matthieu Camus1, 2, 3, Marie Tosolini1, 2, 3, Bernhard Mlecnik1, 2, 3, Franck Pagès1, 2, 3, 4,

Amos Kirilovsky1, 2, 3, Anne Berger5, Anne Costes1, 2, 3, Gabriela Bindea1, 2, 3, 7,

Pornpimol Charoentong7, Patrick Bruneval6, Zlatko Trajanoski7, Wolf-Herman 

Fridman1, 2, 3, 4, Jérôme Galon1, 2, 3

This file contains:

Supplemental Materials and Methods

Supplemental Figures 4, 5 and 6

Supplemental Figure Legends 4, 5 and 6



Supplementary Materials and Methods

Patients and Database. Patients with CRC (n=566) who underwent a primary 

resection at the Laennec/HEGP Hospital between 1986 and 2004 were randomly 

selected. Histopathological and clinical findings were scored according to the tumor–

node–metastasis (TNM) staging system of the Union Internationale contre le Cancer 

(30). Six patients lost to follow-up were excluded from the analysis. Time to 

recurrence or disease-free time (DFS) was defined as the time period from the date 

of surgery to confirmed tumor relapse date for relapsed patients and from the date of 

surgery to the date of last follow-up for disease-free patients. A secure, Web-based 

database, Tumoral MicroEnvironment Database (TME.db), with a three-tier 

architecture was assembled with the use of Java-2 Enterprise edition software to 

integrate clinical data sets and the results of high-throughput techniques. Clinical 

findings, treatment, histopathologic reports, and follow-up data were included in 

TME.db.

Large-Scale Flow-Cytometric Analysis. Cells were extracted from 39 fresh 

tumors (obtained from Laënnec–Georges Pompidou European Hospital). The 

isolation of cells without the use of chemical or enzymatic treatments involved the 

mechanical stripping of the tumor by means of a cell scraper. Colorectal tumors of 

about 1 cm long were placed in a Petri dish with 10 ml of cold RPMI (Gibco).

Fragments were dissected until cell dispersion. Then, after passing through a sterile 

100 μm mesh and a 70 μm cell strainer, cells were washed once in RPMI and then 

washed in PBS. Cells were resuspended in PBS/0.5% BSA and incubated for 30 

minutes at 4°C with antibodies against immune-cell markers for large-scale 

phenotypic analysis of T-cells, and with relevant isotype controls; 40.000 cells were 

analyzed per run. Analyses were performed with a four-color fluorescence-activated 



cell sorter (FACScalibur, Becton Dickinson, San Diego, CA) and CellQuest software 

(Becton Dickinson). Immune cell subpopulations were measured as a percentage of 

the total number of all cells (hence reflecting the density of stained cells within the 

tissue) and a percentage of the total number of CD3+ cells. Analyzed markers are 

presented in Supplementary Fig. S3. Complete-linkage hierarchical clustering was 

applied and the results were displayed with the use of the Genesis program (software 

available at www.genome.tugraz.at) (32, 33).

Correlation Analysis. Correlation matrices were constructed by calculation of 

Pearson correlation coefficients (r) for all marker combinations, followed by 

unsupervised hierarchical clustering (covariance value algorithm) with the use of the 

Genesis program. Due to distinct group size and homogeneity, significant 

correlations were related to distinct thresholds of r values among the patients. 

Therefore, correlation values were plotted from distinct maximal and minimal points 

for comparable representations. In META-/+Hi matrices, for all correlations r>0.85, P-

values were P<0.05 and r(min/max)=-/+ 0.9. In META-/+Lo matrices, for all 

correlations r>0.65, P-values were P<0.05 and r(min/max)=-/+ 0.8.

Real-Time Polymerase-Chain-Reaction Assay. Tissue samples available 

from the cohort of 566 tumors were snap-frozen within 15 minutes following surgery 

and stored in liquid N2. Total RNA was extracted by homogenization with RNeasy 

isolation-kit (Qiagen, Valencia, CA). The integrity and the quantity of the RNA were 

evaluated on a bioanalyzer-2100 (Agilent Technologies, Palo Alto, CA). Samples of 

sufficient RNA quality and quantity for Low-Density-Array (LDA-PCR) analysis 

(n=103), representative of the cohort, were assessed for gene expression analysis of 

the following 17 genes: CD3�, CD4, CD8�, TBX21/T-BET (T-box transcription factor 

21 ; Th1 T-cells), IRF1 (interferon regulatory factor 1 ; immune cells involved in Th1 



immune responses such as T-cells, TAMs and antigen-presenting cells), IFN�, GNLY 

(granulysin ; activated NK-cells and effector T-cells), GZMB (Granzyme B ; cytotoxic 

T-cells and NK-cells), GATA3 (GATA binding protein 3 ; Th2 T-cells), FOXP3 

(forkhead box P3 ; regulatory T-cells), CEACAM1 (antigen-related cell adhesion 

molecule 1), CEA (carcinoembryonic antigen), EBAG9 (estrogen receptor binding site 

associated antigen 9), BIRC5/Survivin, IL-10, TGF� and VEGF (vascular endothelial 

growth factor ; angiogenesis). RT-PCR experiments were carried-out according to the 

manufacturer’s instructions (Applied-Biosystems, Foster City, CA). Quantitative 

realtime TaqMan-PCR was performed using Low-Density-Arrays and the 7900 

robotic real-time PCR-system (Applied Biosystems). 18S primers and probes were 

used as internal controls. Data were analyzed using the SDS Software v2.2 (Applied-

Biosystems).

Construction of Tissue Microarrays. Using a tissue-microarray instrument 

(Beecher Instruments, Alphelys), we removed two representative areas of the tumor 

(centre (CT) and invasive margin (IM), 0.6 mm and 1 mm in diameter, respectively) 

from paraffin-embedded tissue blocks that had been prepared at the time of 

resection. Tissue microarrays containing the tissue cores were then cut into 5-μm 

sections for staining with Harris’s hematoxylin and immunohistochemical staining. Of 

the 566 patients, 435 patients with correct spots in both CT and IM regions (area>0.2 

and>0.5 mm�, respectively) were used for further analysis.

Immunohistochemistry. After antigen retrieval and quenching of endogenous 

peroxidase activity, sections were incubated for 60 minutes at room temperature with 

monoclonal antibodies against CD3 (SP7), CD8 (4B11), CD1a (O10), Ki67 (SP6) 

(Neomarkers, Fremont, CA) CD68 (PGM1) (Dako, Copenhagen, Denmark) FoxP3 

(ab20034) (Abcam, Cambridge, United Kingdom) and M30 cytoDEATH (Alexis 



Biochemicals). The Envision+ system (enzyme-conjugated polymer backbone 

coupled to secondary antibodies) and 3,3'-diaminobenzidine chromogen were 

applied (Dako). Tissue sections were counterstained with Harris’s hematoxylin. 

Isotype-matched mouse monoclonal antibodies were used as negative controls. 

Slides were analyzed with the use of an image-analysis workstation (Spot Browser, 

Alphelys). Polychromatic high-resolution spot images (740 by 540 pixels; resolution, 

1.181 μm per pixel) were obtained. Measurements were recorded as the number of 

positive cells per unit of tissue surface.

Statistical Analysis. Kaplan–Meier curves were used to assess the influence 

of immune and tumoral parameters on disease-free survival. The significance of 

these parameters was assessed by univariate analysis with the use of the log-rank 

test. Patients were stratified using median cut-offs for the densities of CD3 and CD8 

positive cells within the tumor (TMA analyses) or for the expression levels of 

analyzed genes (LDA-PCR analyses). To identify markers with significant different 

levels of expression among tissues, Wilcoxon–Mann–Whitney as well as t-tests 

(ANOVA) were used. A P-value <0.05 was considered to indicate statistical 

significance. All analyses were performed with the use of statistical software 

programs R and StatView.



Supplementary Figure Legends

Supplementary Figure S4. Tumoral Proliferation and Survival Rates in Primary 

Colorectal Tumors. Patients (n=39) were classified according to the mean 

percentage of CD3+CD5+ cells among total cells present within the tumor and the 

metastatic status (CD3+CD5+ Hi: white bars, CD3+CD5+ Lo: black bars). A,

Proliferating (Ki67+) and Apoptotic (M30+) tumor cells were represented as the mean 

percentage (+SE) of positive cells. B, The Ki67/M30 ratio for each patient was 

represented in a logarithmic scale. (The Mann–Whitney test was used for statistical 

analyses).

Supplementary Figure S5. Disease-Free Survival of CRC Patients According to 

Expression Patterns of T-cell Markers in Tissue MicroArrays (TMA) Experiments. 

Disease-Free Survival of 435 patients according to the metastatic status, the density 

of CD3+ cells and the ratio of CD8+ and CD3+ cells (R(CD8/CD3)) present in the 

centre (CT) or the invasive margin (IM) of the tumor. Patients were grouped as follow: 

patients with high CD3 staining density in CT and/or IM and R(CD8/CD3) superior to 

50% in both CT and IM ((i), n=39, bold red lines) or R(CD8/CD3) inferior to 50% in 

CT and/or IM ((ii), n=298, thin red lines) and patients with low CD3 staining density in 

both CT and IM and R(CD8/CD3) superior to 50% in CT and/or IM ((iii), n=55, bold 

black lines) or R(CD8/CD3) inferior to 50% in both CT and IM ((iv), n=43, thin black 

lines). The cut-off value of positive cell density was defined as the median of the 

cohort. (*: p<0.05 by the Log-rank test).

To validate the impact of immune coordination on relapse risks and CRC prognosis, 

we evaluated the CD8/CD3 cell density ratio in a large cohort of 435 patients in the 

centre (CT) and the invasive margin (IM) regions of the tumor. Patients with high 



density of CD3+ cells in one of the regions and a CD8/CD3 ratio superior to 50% in 

both regions (i) had a very good outcome (90% DFS at 10 years) compared to 

patients with low density of CD3+ cells and a CD8/CD3 ratio inferior to 50% in both 

CT and IM regions (iv) that had very bad prognosis (10% DFS at 10 years, 

P<0.0001). However, patients with high density of CD3+ cells in one of the regions 

but with a CD8/CD3 ratio inferior to 50% in at least one of the regions (ii) had 

significantly reduced DFS rates compared to patient group (i) (65% DFS at 10 years, 

P<0.006). Patients with low density of CD3+ cells in both regions but with a CD8/CD3 

ratio superior to 50% in at least one of the regions had better DFS rates compared to 

patient group (i) (50% DFS at 10 years, P<0.007).

Supplementary Figure S6. Disease-Free Survival of CRC Patients According to 

Expression of Genes. Disease-Free Survival of patients according to mRNA 

expression levels (high expressions (Hi/Hi): red lines ; low expressions (Lo/Lo): black 

lines ; heterogeneous expressions (Het: Hi/Lo or Lo/Hi: grey lines) of the following 

combinations of genes: CD4/T-BET (top left), CD4/IFN� (top right), CD4/IRF1 (bottom 

left) and CD8/GNLY (bottom right). The cut-off value for each gene’s expression was 

defined at the median of the cohort. (*: P<0.05 by the Log-rank test).
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