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Supplemental: Material and Methods 

 

Patients  
 

Node negative patients with gene array data of fresh frozen tissue. We used five 

previously published datasets with node-negative breast cancer patients who did not 

receive chemotherapy (“systemically untreated patients”). A large combined cohort of 

766 patients comprises the Mainz cohort (Supplemental Table 1A) with 200 patients1, 

the Rotterdam cohort (Supplemental Table 1B) with 286 patients2,3, and the 

TRANSBIG cohort (Supplemental Table 1C) with 280 patients.4,5 The NKI cohort 

from Amsterdam6,7 contains 141 patients and the Yu cohort3

 

 58 patients. These 

cohorts are, to the best of our knowledge, all publicly available microarray datasets of 

medically untreated node-negative breast cancer patients with mRNA data for IGKC 

which used MFI as an endpoint. 

Formalin fixed and paraffin embedded (FFPE) tissue blocks of node-negative 

breast cancer patients. The Mainz FFPE cohort consisted of 410 consecutive node-

negative breast cancer patients with tumor size pT1a – pT3 and adequate follow-up 

information who were treated at the Department of Obstetrics and Gynecology of the 

Johannes Gutenberg University Mainz between 1986 and 2000.8 Of these 409 

patients, FFPE blocks of sufficient quality RNA was available for 330 individuals. Of 

200 patients from the Mainz FFPE cohort, fresh-frozen tissue for microarray-based 

gene-expression analysis was also available as previously described1, which 

represents the above described Mainz cohort. All patients were treated by surgical 

tumor resection, but did not receive any systemic therapy in the adjuvant setting. 

Tumor size was collected from the original pathology reports of the Gynecological 

Pathology Division. Histological grade was assessed according to Elston&Ellis9. 

Results for ER, PGR and HER2 were collected from our node-negative breast cancer 

database as previously described8. 224 (55%) patients were treated with breast 

conserving surgery followed by irradiation and 185 (45%) with modified radical 

mastectomy. We focused on node-negative breast cancer patients with pT1-3 tumors 
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without any evidence of metastatic disease at the time of surgery. The median age of 

the patients at diagnosis was 59 years. The study was approved by the ethical review 

board of the medical association of Rhineland-Palatinate. Median follow-up was 152 

months. 86 patients (21%) developed distant metastasis, 61 (15%) patients died from 

breast cancer and 58 (14%) died due to causes not related to breast cancer.  

 

Neoadjuvant breast cancer patients treated with anthracycline-based 

chemotherapy. The following seven cohorts are, to the best of our knowledge, all 

publicly available microarray datasets of breast cancer patients who received 

anthracycline-based neoadjuvant chemotherapy and documented response to 

chemotherapy differentiating between CR, PR and NR and where IGKC RNA data 

are available: (i) GSE2019410: 247 patients with 6 months of preoperative 

chemotherapy including paclitaxel, 5-fluorouracil, cyclophosphamide and doxorubicin, 

(ii) GSE2027111: 144 patients preoperatively treated with paclitaxel, fluorouracil, 

doxorubicin, and cyclophosphamide, (iii) GSE6861)12: 161 patients from the EORTC 

10994 phase III breast cancer clinical trial comparing FEC (5-fluorouracil, 

cyclophosphamide, epirubicin) with ET (epirubicin, docetaxel), (iv) GSE1644613:  114 

patients from the neoadjuvant TOP trial, in which patients with estrogen receptor 

negative tumors were treated with anthracycline (epirubicin) monotherapy, (v) 

GSE2209314: 47 patients (42 ER-positive and 43 ER-negative patients) treated with 

four courses of FAC chemotherapy, (vi) GSE2398814: 60 HER2-normal patients who 

received four courses of 5-fluorouracil, epirubicin, and cyclophosphamide, followed 

by 12 weeks of docetaxel concomitant with capecitabine, (vii) Düsseldorf cohort 

(DUS)15

 

: 86 patients treated preoperatively with epirubicin and cyclophosphamide.  

Study population and patient characteristics of the non-small cell lung cancer 
(NSCLC) cohort 
The source population consisted of surgically treated patients with primary NSCLC 

who reported to the Uppsala-Örebro Lung Cancer Registry from 1995 through 2005 

and comprised 382 cases with available fresh frozen tumor tissue. Inclusion into the 

study was based on: (1) NSCLC histology of squamous cell carcinoma, 

adenocarcinoma, or large cell carcinoma, (2) tumor sample size >5 mm, (3) tumor 

cell fraction >50% in the fresh frozen tissue sample, as evaluated by pathologists and 

(4) RNA quality (RIN >7.0). In total, 196 tissue samples met the inclusion criteria 
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(Supplemental Table 1D). All samples were used in accordance with the Swedish 

Biobank Legislation (Uppsala Ethical Review Board reference #2006/325). RNA was 

prepared as previously described.16

 

 A total of 2 µg RNA from each tissue specimen 

was used for analysis on Affymetrix Human Genome U133 plus 2 arrays (Affymetrix 

Inc.). Sample preparation, processing and hybridization were performed according to 

the GeneChip® Expression Analysis Technical Manual (Affymetrix Inc., Rev. 5). 

Lung cancer, colorectal cancer and ovarian cancer cohorts with published 
Affymetrix data for metaanalyses 

 

The following publicly available cohorts with gene array data sets were used: 

Data set n Reference Source 

Lung cancer 

Jacob-00182 448 (Shedden et al., 2008)17 https://array.nci.nih.gov/caarray/
project/jacob-00182 

GSE14814 90 (Zhu et al., 2010)  18 
GSE4573 129 (Raponi et al., 2006)  19 
GSE3141 111 (Bild et al., 2006)  20 
GSE19188 82 (Hou et al., 2010)  21 

Colorectal cancer 

GSE14333 226 (Jorissen et al., 2009)  22 
GSE17536 177 (Smith et al., 2010)  23 
GSE17537 55 (Smith et al., 2010)  23 
GSE12945 62 (Staub et al., 2009)  24 

Ovarian cancer 

GSE14764 80 (Denkert et al., 2009)  25 
Duke 133 (Bild et al., 2006)20 http://data.cgt.duke.edu/ 

oncogene.php 
GSE19829 28 (Konstantinopoulos et al., 2010)  26 
GSE26712 185 (Bonome et al., 2008)

 

27  

 

 

Gene expression profiling and data processing 
For the Mainz, Rotterdam and Transbig cohorts, the Affymetrix (Santa Clara, CA) 

HG-U133A array and GeneChip SystemTM were used to quantify the relative 

transcript abundance in the freshly frozen breast cancer tissue specimens as 

previously described1 and RMA was used for normalization. To analyze IGKC 

expression from gene array data probe set ID 211645_x_at was used in all cohorts. 

We used the previously described 60 gene based B cell metagene1 for comparison 

https://array.nci.nih.gov/caarray/project/jacob-00182�
https://array.nci.nih.gov/caarray/project/jacob-00182�
http://data.cgt.duke.edu/oncogene.php�
http://data.cgt.duke.edu/oncogene.php�
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with IGKC in this study. Defining molecular (intrinsic) subtypes was done according to 

the methodology described by Smid and co-workers28 as well as the more simplified 

approach by Desmedt and co-workers29 defining three different molecular subtypes, 

luminal (ER+/HER2-), erbB2-like (HER2+, whereby ER may be positive or negative), 

and basal-like (ER-/HER2-) based on gene-expression data. A significant correlation 

between the subtypes according to Smid28 and Desmedt29

 

 was obtained. 

IGKC qRT-PCR 
Primers and probes were designed for IGKC to profile FFPE tumor tissue by qRT-

PCR (Table 1). Tumors had been preserved as formalin-fixed and paraffin-embedded 

tissue and were stored at room temperature until analysis. RNA was isolated from 

FFPE material (thickness 5 µM) on a slightly modified version of the Siemens 

VERSANTTM kPCR Molecular System* using a proprietary silica-magnetic bead 

extraction technology. The FFPE extraction method allows fully automated extraction 

of 48 patient sections without any xylene deparaffinization in less than 4 hours. To 

standardize the amount of sample RNA, Calmodulin2 (CALM2) und 

Peptidylprolylisomerase A (PPIA) were selected as reference genes and relative 

RNA expression was calculated according to the following formula: deltaCt = 20 – 

(Ct(target) – mean(Ct(references)) as previously described30

 

.  

Probe  FAM 5‘ Seqence 3‘ TAMRA 
IGKC  AGCAGCCTGCAGCCTGAAGATTTTGC 
PPIA   TGGTTGGATGGCAAGCATGTGGTG 
CALM2 TCGCGTCTCGGAAACCGGTAGC 
 
5‘ Primer 5‘ Seqence 3‘ 
IGKC  GATCTGGGACAGAATTCACTCTCA 
PIPIA  TTTCATCTGCACTGCCAAGACT 
CALM2 GAGCGAGCTGAGTGGTTGTG 
 
3‘ Primer 5‘ Seqence 3‘ 
IGKC  GCCGAACGTCCAAGGGTAA 
PIPIA  TATTCATGCCTTCTTTCACTTTGC 
CALM2 AGTCAGTTGGTCAGCCATGCT  
 

Table 1: Primers and probes for analysis of IGKC in RNA isolated from formalin-fixed 

and paraffin-embedded (FFPE) tissue. 
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Immunohistochemistry and interpretation of the staining 
Immunohistochemical analyses of patients from the Mainz FFPE cohort were 

performed on 4-µm-thick sections according to standard procedures. Antigen 

retrieval reactions were performed in a steamer using citrate buffer, pH 10, for 15 

minutes. All slides were incubated with the peroxidase block reagent supplied by 

Dako (Carpinteria, California, USA). Sections were then stained with monoclonal 

IGKC antibodies (clone KP-53, Santa Cruz Biotechnology, Santa Cruz, California, 

USA) in a dilution 1:100 for 30 minutes at room temperature. Slides were then 

incubated with a polymeric biotin-free visualization system (EnVision™; Dako, 

Carpinteria, California, USA) for 30 minutes, followed by 5 minutes incubation with 

the chromogen diaminobenzidine (DAB) and finally lightly counterstained with 

hematoxylin. All series included appropriate positive and negative controls; all 

controls gave adequate results. IGKC showed cytoplasmic staining and was divided 

into four groups: no IGKC positive infiltrate (0), weak IGKC positive infiltrate (1+), 

moderate IGKC positive infiltrate (2+) and strong (3+) IGKC positive infiltrate. Co-

stainings of IGKC with (i) MUM1, (ii) CD20, (iii) cytokeratin and (iv) IgG were 

performed using slices of at least ten patients as follows: Immunohistochemical 

localization of IGKC producing cells was performed as described previously31,32 with 

modifications. Tissue sections were deparaffinized by washing in Rotihistol (Carl-

Roth, Karlsruhe - Germany) followed by hydration in a descending ethanol gradient 

(100%, 95%, 90%,70%, 50% and 30% ethanol for 5min each). Tissue sections were 

then boiled twice in a microwave oven, 7 minutes each, in 0.01M citrate buffer (Carl-

Roth, Karlsruhe, Germany; pH 6.0). After washing 3 times in 1xPBS, the tissue 

sections were incubated for 2 hours with 3% BSA, 0.1% Tween20. Subsequently, the 

tissue sections were incubated overnight at 4°C with rabbit anti-kappa light chain 

antibody (Abcam, Cambridge – UK, ab76837, 1:100 dilution) to visualize IGKC and 

co-stained with one of the following antibodies: mouse anti-B-cell (CD20), clone L26 

(Invitrogen, Darmstadt – Germany, Cat. No. 18-0088, 1:200 dilution), monoclonal 

mouse anti-human MUM1 protein (Dako, Hamburg – Germany, M-7259, 1:50 

dilution), monoclonal mouse anti-human IgG [EM-07] (Abcam, Cambridge – UK, 

ab77118, 1:200 dilution), monoclonal mouse anti-human cytokeratin, clone MNF116 

(Dako, Hamburg- Germany, M-0821, 1:100 dilution) for the detection of B-cells, 

plasma cells or activated T-cells and tumor cells, respectively. The incubation period 

was followed by three subsequent washing steps in 1x PBS at room temperature for 
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10 minutes each. The tissue sections were then incubated with secondary antibodies 

labeled with fluorescent dyes: IGKC was visualized using Cy2-labelled donkey anti-

rabbit (Dianova, Hamburg - Germany, 711-226-152, 1:200 dilution) and mouse raised 

antibodies were detected by Cy3-labelled donkey anti-mouse (Dianova, Hamburg - 

Germany, 715-166-150, 1:200 dilution). Both primary and secondary antibodies were 

diluted in 0.3% BSA, 0.1% tween20 in 1x PBS. Then, tissue sections were washed in 

1xPBS and nuclei were visualized using 4',6-diamidino-2-phenylindole (DAPI; 

Invitrogen, Karlsruhe - Germany). The slides were mounted using Entellan (Merck, 

Darmstadt - Germany) and were stored in the dark at room temperature until further 

analysis. Image analysis was performed using a confocal microscope (Olympus FV-

1000). 

 

Statistical Analysis  

Average correlation of a gene g relative to a gene set G was defined as the mean of 

all absolute Spearman correlations of g with all members of G. AUC (area under the 

curve) was defined as the area under the ROC (receiver operating characteristic) 

curve and is a measure for the ability of the corresponding gene to discriminate 

between two prognostic groups (metastasis within 5 years versus patients with a 

follow up period of at least 5 years without metastasis). Survival rates were 

calculated according to the Kaplan-Meier method. Metastasis-free survival (MFI) was 

computed from the date of diagnosis to the date of distant metastasis. Breast cancer-

specific overall survival (OS) was computed from the date of diagnosis to the date of 

death from breast cancer. Patients who died of an unrelated cause were censored at 

the date of death. Survival functions were compared with the Log-rank test. 

Multivariate Cox survival analyses were performed with inclusion. Categorization was 

performed as follows: IGKC mRNA: <median, ≥median; IGKC IHC: 0, 1+, 2+ and 3+; 

age: <50 years, ≥50 years; HER -2 status, ER status, PR status: negative, positive; 

histological grade: GI and GII, GIII; pT stage: pT1 (≤2cm), pT 2 and pT3 (>2 cm). The 

Brier score was used to evaluate the ability of a gene to predict survival. Hormone 

receptor status were dichotomized based on corresponding gene expression values, 

whereby cutoffs were selected by optimizing the phi coefficient between the 

immunohistochemical receptor status and resulting subgroups based on expression 

values. In cases of absence of immunohistochemical measurements the gene 

expression values were divided into two groups using model-based clustering. Probe 
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set ID xxx was used to study ESR1 and ID xxx to analyze ERBB2 in all cohorts. 

Logistic regression was used to predict response to chemotherapy. The resulting 

models were evaluated with AUC values with model-based predicted probabilities as 

estimates for response to chemotherapy. Meta analyses were performed with fixed 

effect models and random effects models. Results were visualized with forest plots, 

and significance of the overall effect was measured with the p-value of the fixed 

effect models. All p-values are two-sided. As no correction for multiple testing was 

performed they are descriptive measures. All analyses were performed using 

R2.12.1. 
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