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Supplementary Text 

Supplementary methods 

Materials and reagents 

The following reagents were used: Matrigel Matrix (BD Biosciences), IgG2 and InVivoMab 

anti-human PD-L1 antibody (clone 29E.2A3) (Bio X Cell); panitumumab (MD Anderson 

pharmacy); Tumor Dissociation Kit (Miltenyi Biotec); RBC lysis buffer and fluorochrome-

coupled antibodies against APC/Cy7-mouse CD45, FITC-human CD45, APC-human CD45, 

PE/Cy7-human CD3, Alexa Fluor488-human CD8, APC-human CD4, PE-human CD127, and 

Pacific Blue-human CD25 (BioLegend); LIVE/Dead Fixable Aqua Dead Cell stain kit, ProLong 

Diamond Antifade Mountant, citrate plus solution, formaldehyde, Lipofectamine RNAiMAX, 

Pierce IP Lysis Buffer, and RNase (Thermo Fisher Scientific); recombinant human protein EGF 

and human ELISA kits (CCL2 DY279-05, CCL20 DY360-05, CXCL5 DX000, and IL8 DY208) 

(R&D Systems); M-CSF, IL-4, IL-13, CCL4, CCL5, CXCL9, CXCL10, IL-8, CCL2, CXCL5, 

and CCL20 (PeproTech); MG-132 (Sigma-Aldrich); Ficoll-Paque PLUS and nProtein A/Protein 

G Sepharose 4 Fast Flow beads mix (GE Healthcare); Opal Polaris 480 or 780 reagent pack and 

Opal Polaris 7 color automation IHC detection kit (Akoya Biosciences); human cytokine 

antibody array and chromatin extraction kit (Abcam); protease inhibitor and phosphatase 

inhibitor cocktails (Bimake, B14002 and B15001); RNeasy Mini Kit (Qiagen); SuperScript II 

Reverse Transcriptase Kit, Dynabeads Untouched Human CD8 T Cells kit, Dynabeads 

Regulatory CD4+/CD25+ T Cell kit, and PureLink PCR purification kit (Invitrogen); Power 

SYBR Green PCR Master Mix (Applied Biosystems); ImmunoCult Human CD3/CD28 T Cell 

Activator and IL-2 (STEMCELL Technologies); CellTiter-Blue (Promega); LiCl Immune 

Complex Wash Buffer (Millipore Sigma); and proteinase K (ApexBio). 



The following primary antibodies were used for Western blot: anti-phospho-EGFR (Tyr1086) 

(Cell Signaling, #2220), EGFR (Santa Cruz Biotechnology, sc-03-G), EGR1 (Cell Signaling, 

#4154S), pERK (Cell Signaling, #4370), ERK (Cell Signaling, #4695), pAKT (Cell Signaling, 

#4060), AKT (Cell Signaling, #9272), α-Tubulin (Millipore Sigma, MABT522), and β-Actin 

(Millipore Sigma, MAB1522). The following primary antibodies were used for 

immunohistochemical (IHC) staining: anti-phospho-human EGFR (Abcam, ab40815), anti-

human EGR1 (Abcam, ab194357), and anti-human Ki67 (Cell Signaling, #9027S).  

The following primary antibodies were used for multiplexed immunofluorescence staining: 

anti-human CD8 antibody (Abcam, ab4055, 1:50 dilution with Blocking/Ab Diluent), anti-

human CD68 antibody (Millipore Sigma, SAB5500070, 1:100 dilution), anti-human CD3 

antibody (Abcam, ab16669, 1:200 dilution), anti-human CD163 antibody (Cell Marque, AC 

0316A, 1:100 dilution), anti-human FoxP3 antibody (Abcam, ab20034, 1:100 dilution), anti-

human CK7 antibody (Agilent Dako, M7018, 1:200 dilution), and anti-human Granzyme B 

antibody (Leica Bond, Granzyme-b, no dilution). 

Multiplexed immunofluorescence staining and imaging  

The expression of human CD3, CD8, CD68, CD163, FoxP3, and cytokeratin 7 (CK7) in 

SUM149- or BCX010-hu-NSG-SGM3 tissues or IBC patient tissues was analyzed using the 

Opal Polaris 7 color automation IHC detection kit following the manufacturer's instructions. 

Briefly, 5-µm FFPE slides were deparaffinized before antigen retrieval in citrate plus solution 

heated at 95°C for 15 min using the BioGenex EZ-Retriever microwave system. After treatment 

with 0.6% hydrogen peroxide for 5 min to block endogenous peroxidase activity and with 3% 

BSA for 1 h to block nonspecific binding, slides were incubated with primary anti-human CD8 

antibody for 1 h at room temperature (RT). Then slides were incubated with secondary HRP-



conjugated antibody for 10 min at RT. Opal signal was amplified by incubation with Opal TSA 

Fluorophore 620 for 10 min at RT. Then slides were subjected to antigen retrieval as described 

above to remove bound antibodies before sequential staining with the following antibodies: anti-

human CD68 (TSA 520), CD3 (TSA 480), CD8 (TSA 620), CD163 (TSA 690), FOXP3 (TSA 

570), and CK7 (Opal Polaris 780) antibodies. After completion of all 6 sequential reactions, 

slides were counterstained with DAPI for 5 min at RT and mounted with ProLong Diamond 

Antifade Mountant. Multiplex stained slides were imaged using Vectra 3.0 (PerkinElmer) at 20× 

magnification. inForm Tissue Analysis Software version 3.0 (Akoya) was used to analyze 

images, including cell segmentation, phenotyping, and cell quantitation. Cells were phenotyped 

as cancer cells (CK7+), cytotoxic T cells (CD3+CD8+), Tregs (CD3+FOXP3+), or M2 

macrophages (CD68+CD163+). The average number of different cell types was quantitated on 5 

high-power fields. A similar method was used to stain another 2 panels of markers on SUM149-

hu-NSG-SGM3 mouse tissues. Panel 1 included CD3, CD8, CD45RO, FOXP3, Granzyme B, 

and AE1/3 (broad-spectrum cytokeratin), and panel 2 included CD3, CD8, CD68, PD-L1, PD-1, 

and AE1/3. 

In vitro immune cell migration assay  

To obtain peripheral blood mononuclear cells (PBMCs), healthy donors' buffy coats were 

purchased from Gulf Coast Regional Blood Center. PBMCs were isolated from the buffy coats 

by density gradient centrifugation with Ficoll-Paque PLUS, then seeded in cell culture plates 

with RPMI-1640 medium supplemented with 10% FBS (10% FBS/RPMI). Floating cells were 

collected after 3 h and cultured in a cell culture flask at a cell density of 1 × 106 cells/ml with 

10% FBS/RPMI, 25 µg/ml ImmunoCult Human CD3/CD28 T Cell Activator, and 10 ng/ml 

human recombinant IL-2 for 3 days and expanded by addition of fresh 10% FBS/RPMI and 



human recombinant IL-2 every 2-3 days. CD8+ T cells and Tregs were purified by using the 

Dynabeads Untouched Human CD8 T Cells kit and Dynabeads Regulatory CD4+/CD25+ T Cell 

kit. In parallel, attached cells were cultured for 6 days with 10% FBS/RPMI supplemented with 

10 ng/ml human M-CSF to induce differentiation into macrophages followed by stimulation with 

20 ng/ml IL-4 and IL-13 for 2 days to induce polarization into M2 macrophages. For CD8+ T cell 

migration assay, 1 × 104 CD8+ T cells suspended in serum-free RPMI-1640 medium were seeded 

on the top chamber of a 96-well migration plate with 8-μm pores (Sartorius), and 10% 

FBS/RPMI, 10% FBS/RPMI supplemented with 100 ng/ml recombinant human CCL4, CCL5, 

CXCL9, and CXCL10 individually or in combination, or CCL20 were added to the bottom 

chamber. For Treg or M2 macrophage migration assay, 2 × 103 Tregs or 1 × 104 M2 

macrophages suspended in serum-free RPMI-1640 medium were seeded on the top chamber of a 

96-well migration plate, and 10% FBS/RPMI or 10% FBS/RPMI supplemented with 100 ng/ml 

recombinant human CCL2, CCL20, CXCL5, or IL-8 individually or in combination were added 

to the bottom chamber. Cells were incubated at 37°C in a CO2 incubator for 48 h, and then cell 

migration was quantified by CellTiter-Blue. For co-culture migration assay, 1 × 104 SUM149 

shCtrl cells or EGFR knockdown clones shEGFR-4 or shEGFR-5 were seeded in the bottom 

chamber with 10% FBS/RPMI and incubated for 4 h. Then the bottom of the top chamber was 

coated with growth factor reduced Matrigel, and 2 × 103 Tregs or 1 × 104 M2 macrophages 

suspended in serum-free RPMI-1640 medium were seeded into the top chamber. After 

incubation for 48 h, the migrated cells were detached from the bottom side of the top chamber 

using dissociation solution supplied with the Cultrex Cell Migration Assay kit (R&D Systems) 

and quantified by CellTiter-Blue. Relative migration was calculated as fold change compared to 

10% FBS. 



RNA isolation and quantitative RT-PCR 

Primer sequences for quantitative RT-PCR were as follows: IFNγ forward, 5'-

ATGAACGCTACACACTGCATC-3'; IFNγ reverse, 5'-CCATCCTTTTGCCAGTTCCTC-3'; 

CCL4 forward, 5'-CTGTGCTGATCCCAGTGAATC-3'; CCL4 reverse, 5'-

TCAGTTCAGTTCCAGGTCATACA-3'; CCL5 forward, 5'-CCAGCAGTCGTCTTTGTCAC-

3'; CCL5 reverse, 5'-CTCTGGGTTGGCACACACTT-3'; CXCL9 forward, 5'-

CCAGTAGTGAGAAAGGGTCGC-3' ; CXCL9 reverse, 5'-AGGGCTTGGGGCAAATTGTT-3' 

; CXCL10 forward, 5'-GTGGCATTCAAGGAGTACCTC-3' ; CXCL10 reverse, 5'-

TGATGGCCTTCGATTCTGGATT-3' ; CCL2 forward, 5'-

TTAAAAACCTGGATCGGAACCAA-3'; CCL2 reverse, 5'- 

GCATTAGCTTCAGATTTACGGGT-3'; CCL20 forward, 5'-

TGTGTGCGCAAATCCAAAACA-3' ; CCL20 reverse, 5'-GAAACCTCCAACCCCAGCAA-3'; 

CXCL5 forward, 5'-CAAGTTCCCTCCCCACTCAC-3'; CXCL5 reverse, 5'-

TGCTAAAAACCCGACAGGCA-3'; IL-8 forward, 5'-TTTTGCCAAGGAGTGCTAAAGA-3'; 

IL-8 reverse, 5'-AACCCTCTGCACCCAGTTTTC-3'; EGR1 forward, 5'-

TGAAACAGCAGTCCCAGTATTC-3'; EGR1 reverse, 5'-

GAGAGTACGGTCAAGCAGTATTT-3'; GAPDH forward, 5’- 

TGCACCACCAACTGCTTAGC -3’; GAPDH reverse, 5’- GGCATGGACTGTGGTCATGAG -

3’; RPL3 forward, 5'-AAAGAGGACCAAGAAGTTCATTAGG-3'; and RPL3 reverse, 5'-

CGCCAGTTCCGCTTGATTT-3'. 

EGFR or EGR1 stable or transient knockdown in IBC cells 

The sequences of shEGR1 clones were 

CCGGCGACATCTGTGGAAGAAAGTTCTCGAGAACTTTCTTCCACAGATGTCGTTTTT 



(shEGR1-B) and 

CCGGCGGTTACTACCTCTTATCCATCTCGAGATGGATAAGAGGTAGTAACCGTTTTT 

(shEGR1-C). Mission Non-Target shRNA Control Transduction Particles (SHC002V) were used 

as a control. Stable control (shCtrl) and EGFR or EGR1 knockdown clones (shEGFR-4 and -5; 

shEGR1-B and -C) were selected and maintained with puromycin (1 µg/ml). EGR1 expression in 

BCX010 cells was transiently knocked down using 2 specific siRNAs (SASI_Hs01_00232227 

and SASI_Hs01_00232228, Millipore Sigma). 

Analysis of expression of chemokines in patients with IBC 

We analyzed the mRNA expression data of 137 IBC and 252 non-IBC clinical samples (N = 

389) collected within the World IBC Consortium (22). IBC was defined clinically according to 

international consensus criteria (71). Collection criteria and sample characteristics have been 

previously described (22). Briefly, all samples were pretreatment primary tumor samples from 

patients with invasive breast adenocarcinoma treated at the Institut Paoli-Calmettes (Marseille, 

France), the General Hospital Sint-Augustinus (Antwerp, Belgium), and MD Anderson Cancer 

Center (Houston, USA). IBC samples were diagnostic biopsy specimens taken from 

consecutively treated patients, clinically annotated, and with good-quality tumor RNA. Non-IBC 

samples were either diagnostic biopsy specimens (advanced-stage disease) or surgical specimens 

(early-stage disease). Each patient gave written informed consent, and institutional review boards 

approved the study. The patients had been treated using the classical guidelines. Neoadjuvant 

chemotherapy delivered to IBC patients was anthracycline-based, often including taxane, and 

associated with trastuzumab in more than 50% of HER2-positive cases. Chemotherapy was 

followed by mastectomy and axillary lymph node dissection for clinically non-progressive and 

consenting patients, then radiotherapy. After radiotherapy, adjuvant hormone therapy was given 



to patients with estrogen receptor (ER)-positive IBC and adjuvant trastuzumab was given to 

patients with ERBB2 amplification. Survival of IBC patients was calculated from the date of 

diagnosis to the date of first distant metastatic relapse for metastasis-free survival and death from 

any cause for overall survival. 

The gene expression profiles of samples had been generated using Affymetrix platforms in 

each institution for its samples (U133 Plus 2.0 human microarrays for the France and Belgium 

institutions and U133A human microarrays for the US institution) as previously described (22). 

Each dataset was briefly normalized using Robust Multichip Average in R using Bioconductor 

and associated packages (72). We then merged the 3 datasets by using COMBAT (empirical 

Bayes) (73) as a batch effects removal method, included in the inSilicoMerging R/Bioconductor 

package (74). When multiple probes mapped to the same GeneID, we retained the one with the 

highest variance. ER, progesterone receptor (PR), and ERBB2/HER2 statuses of samples were 

based on mRNA expression of the 205225_at (ESR1), 208305_at (PGR), and 216836_s_at 

(ERBB2) Affymetrix probe sets and defined as discrete values (positive/negative) using a 2-

component Gaussian mixture distribution model (75). The molecular subtypes of tumors were 

defined as HR+/HER2- (ER- and/or PR-positive and HER2-negative), HER2+ (HER2-positive, 

regardless of ER and PR), and triple-negative (ER-, PR-, and HER2-negative).  

Chromatin immunoprecipitation assay  

IBC SUM149 cells (1 × 107) were fixed with formaldehyde at a final concentration of 0.75% for 

10 min at RT and then incubated with 125 mM glycine 5 min at RT. After washing with cold 

PBS 2 times, cells were collected and snap-frozen in liquid nitrogen. DNA fragments were 

prepared using a chromatin extraction kit according to the manufacturer's instructions. DNA 

fragments were then diluted with Pierce IP Lysis Buffer, incubated with rabbit IgG or anti-EGR1 



antibody overnight at 4°C, and then incubated with pre-washed nProtein A/Protein G Sepharose 

4 Fast Flow beads mix for 3 h at 4°C. After centrifugation, pellets were washed with low-salt 

buffer (0.1% SDS, 1% TritonX-100, 2 mM EDTA, 20 mM Tris-HCL, 150 mM NaCl), high-salt 

buffer (0.1% SDS, 1% TritonX-100, 2 mM EDTA, 20 mM Tris-HCL pH 8.0, 500 mM NaCl), 

and LiCl Immune Complex Wash Buffer. DNA was then eluted with elution buffer (1% SDS, 

100 mM NaHCO3) followed by RNase and proteinase K treatment and purified using a PureLink 

PCR purification kit. Purified DNA was used as a template and was subjected to qRT-PCR for 

CCL2, CCL20, CXCL5, and IL-8 genes. The primer sequences were as follows: CCL2 forward, 

5'-TGCCTTTGTCCAAGTCTGAAACCC-3'; CCL2 reverse, 5'-

TTGGCCGGCTCCCTGACAAT-3'; CCL20 forward, 5'-TAAGAAACCATGCCCACACA-3'; 

CCL20 reverse, 5'-GCAAGGCAGCCACTAAGAAC-3'; CXCL5 forward, 5'-

CCCCTGGGAAATAGATGACA-3'; CXCL5 reverse, 5'-TGGAAGACTGGGAGCAGAGT-3'; 

IL-8 forward, 5'- GGGCCATCAGTTGCAAATC-3'; IL-8 reverse, 5'-

GCTTGTGTGCTCTGCTGTCTC-3'; negative control forward, 5'-

CTCCCAAATTGCTGGGATTA-3'; negative control reverse, 5'-

ATTCCAGGCACCACAAAAAG-3'. 

IHC staining  

Tumor tissues from SUM149- or BCX010-hu-NSG-SGM3 mice treated with IgG2 or 

panitumumab were formalin-fixed and paraffin-embedded. The effect of panitumumab on the 

expression of pEGFR, EGR1, and Ki67 in vivo was evaluated by IHC staining as described 

previously (76). IHC staining was quantified by using Fiji (https://imagej.net) to calculate the 

proportion of DAB-stained tissue (% of total area) in at least 3 images. 

Western blot analysis  

https://imagej.net/


SUM149 or BCX010 cells were treated with panitumumab at 20 µg/ml for different times. For 

EGF stimulation, SUM149 or BCX010 cells were serum-starved for 24 h and stimulated with 

EGF (20 ng/ml) for different times with or without panitumumab (20 µg/ml), erlotinib (1 µM), 

or MG-132 (5 µM) pretreatment. In addition, Western blot analysis was performed as described 

previously (77). 

  



Fig. S1. 

 

 

Fig. S1. Human immune cells in IBC humanized mouse model. The presence of human 

immune cells, including CD45+, CD3+, CD4+, and CD8+ cells, in SUM149-hu-NSG-SGM3 

tumor tissues by flow cytometry.  

  



Fig. S2. 

 

 

Fig. S2. scRNA-seq of SUM149-hu-NSG-SGM3 tumors treated with IgG2 and 

panitumumab. (A) Heat map of marker gene expression in each cell type used in the 

downstream analysis. (B) Populations of epithelial cells, T cells, CD8+ T cells, fibroblasts, and 

mast cells in IgG2- and panitumumab-treated SUM149-hu-NSG-SGM3 tumors as analyzed by 

scRNA-seq. PmAb: panitumumab. 
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Fig. S3. Differential gene expression in epithelial cells from SUM149-hu-NSG-SGM3 mice 

treated with IgG2 and panitumumab. (A) Volcano plot of significantly differentially 

expressed genes in epithelial cells after panitumumab treatment. Top 10 upregulated and 



downregulated genes are labelled. (B) Gene set enrichment analysis of epithelial cells after 

panitumumab treatment using Hallmark pathway database. (C) Enrichment of genes associated 

with interferon-alpha response in panitumumab-treated SUM149 tumor in humanized mice. This 

pathway has been shown to modulate innate and adaptive compartments to provide a pro-

inflammatory context suitable for dendritic cell antigen presentation, priming of T lymphocytes, 

and increasing cytotoxic functions of NK cells (29-31). PmAb: panitumumab. FC: fold change.  



Fig. S4. 

 

 



Fig. S4. Panitumumab treatment affects the immunosuppressive TME through regulating 

the expression of chemokines in IBC cells. (A) Flow cytometry analyses of CD8+ T cells and 

Tregs in peripheral blood of SUM149-hu-NSG-SGM3 mice treated with IgG2 and panitumumab. 

* P < 0.05, ** P < 0.01. (B) Flow cytometry analyses of CD8+ T cells in tissues of BCX010-hu-

NSG-SGM3 mice treated with IgG2 and panitumumab. * P < 0.05. (C) CD8+ T cells, Tregs, and 

M2 macrophages in tissues of BCX010-hu-NSG-SGM3 mice treated with IgG2 and 

panitumumab analyzed by multiplexed immunofluorescence staining. * P < 0.05. (D) Cytokine 

antibody array in tumors from humanized SUM149-hu-NSG-SGM3 mice treated with IgG2 and 

panitumumab. (E) CCL20, CCL2, CXCL5, and IL-8 protein in tumors from humanized 

SUM149-hu-NSG-SGM3 mice treated with IgG2 and panitumumab analyzed by ELISA. (F) 

CCL2, CCL20, CXCL5, and IL-8 gene expression in tumors from humanized BCX010-hu-NSG-

SGM3 mice treated with IgG2 and panitumumab analyzed by qRT-PCR. * P < 0.05, ** P < 

0.005. (G) Kaplan-Meier metastasis-free survival (MFS) curves in patients with triple-negative 

IBC (TN-IBC) with high (N = 22) and low (N = 10) metagene scores of CCL4, CCL5, CXCL9, 

and CXCL10 mRNA expression. The 5-year MFS rate was 67% in patients with high expression 

and 14% in those with low expression (P = 3.09E-02). (H) Correlation of changes in CCL2 gene 

expression level after panitumumab treatment with status of pathologic complete response (pCR) 

to neoadjuvant chemotherapy combined with panitumumab in patients with IBC. pCR patients: P 

= 0.0625; non-pCR patients: P = 0.438. Data are summarized as mean ± SD in panels A-C and 

E-F. PmAb: panitumumab. Experiment in panel F was independently repeated 3 times with 3 

replicates each time. 

  



Fig. S5. 

 



Fig. S5. EGFR pathway regulates the expression of CCL2, CCL20, CXCL5, and IL-8 

through EGR1 in IBC. (A) Panitumumab treatment reduces the gene expression of EGR1 in 

BCX010 cells by RT-PCR. * P < 0.05. (B and C) Panitumumab (20 µg/ml) treatment reduces the 

expression of EGR1 in SUM149 (B) and BCX010 cells (C). (D) EGF (20 ng/ml) stimulates the 

expression of EGR1 in BCX010 cells. (E) Pretreatment with panitumumab mitigates the 

upregulation of EGR1 by EGF stimulation in BCX010 cells. (F) Pretreatment with MEK 

inhibitor trametinib, but not PI3K inhibitor AZD8186, inhibits the upregulation of EGR1 by EGF 

stimulation in BCX010 cells. (G) EGR1 knockdown (top panel) reduces the expression of CCL2, 

CCL20, CXCL5, and IL-8 genes in BCX010 cells (bottom panel). * P < 0.01. (H) Panitumumab-

treated tissues have more CD68+PD-L1+ cells than IgG2-treated tissues in SUM149-hu-NSG-

SGM3 mice as analyzed by multiplexed immunofluorescence staining. Scale bar: 50 µm.  (I) 

IHC staining of pEGFR, Ki67, and EGR1 in tumor tissues from SUM149-hu-NSG-SGM3 mice 

treated with IgG2 and panitumumab of Fig. 5A. (J) Panitumumab treatment reduces the 

expression of CCL2, CCL20, CXCL5, and IL-8 gene in tumor tissues from SUM149-hu-NSG-

SGM3 treated with IgG2 and panitumumab of Fig. 5A. * P < 0.05. Data are summarized as mean 

± SD in panels A, G, and I. PmAb: panitumumab. Experiments in panels A, G, and J were 

independently repeated 3 times with 3 replicates each time. Experiments in panels B-F were 

independently repeated 3 times. 

 

  



Table S1. Gene set enrichment analysis showing the top 10 negatively enriched and 5 positively enriched pathways in panitumumab-

treated compared to IgG2-treated SUM149-hu-NSG-SGM3 tumor cells. 

Rank Name Size ES NES 

Nominal 

P Value 

FDR q 

Value 

FWER P 

Value 

Negative enrichment in panitumumab-treated tissue 

1 HALLMARK_EPITHELIAL_MESENCHYMAL

_TRANSITION 

197 -0.7509 -2.1700 0.0 0.0 0.0 

2 HALLMARK_TNFα_SIGNALING_VIA_NFκB 198 -0.7419 -2.1188 0.0 0.0 0.0 

3 HALLMARK_INFLAMMATORY_RESPONSE 193 -0.6831 -1.9586 0.0 0.0 0.0 

4 HALLMARK_COAGULATION 123 -0.6698 -1.8226 0.0 2.563E-4 0.001 

5 HALLMARK_KRAS_SIGNALING_UP 192 -0.6006 -1.7262 0.0 0.002215 0.01 

6 HALLMARK_UV_RESPONSE_UP 156 -0.4506 -1.2664 0.09465 0.1691 0.963 

7 HALLMARK_APOPTOSIS 158 -0.6032 -1.7071 0.0 0.002041 0.013 

8 HALLMARK_ANGIOGENESIS 35 -0.7170 -1.6595 0.001684 0.004941 0.035 

9 HALLMARK_IL6_JAK_STAT3_SIGNALING 85 -0.6260 -1.6475 0.0 0.005532 0.044 

10 HALLMARK_IL2_STAT5_SIGNALING 199 -0.5697 -1.6413 0.0 0.005443 0.048 

Positive enrichment in panitumumab-treated tissue 

1 HALLMARK_E2F_TARGETS 200 0.6800 2.2360 0.0 0.0 0.0 



2 HALLMARK_G2M_CHECKPOINT 197 0.5627 1.8624 0.0 7.552E-4 0.002 

3 HALLMARK_OXIDATIVE_PHOSPHORYLATI

ON 

200 0.5037 1.6815 0.0 0.003397 0.016 

4 HALLMARK_KRAS_SIGNALING_DN 170 0.4213 1.3726 0.008658 0.06778 0.341 

5 HALLMARK_INTERFERON_ALPHA_RESPO

NSE 

96 0.4478 1.3532 0.03448 0.06472 0.39 

ES, enrichment score; FDR, false discovery rate; FWER, familywise error rate; NES, normalized enrichment score. 

 

  



Table S2. Differentially expressed genes in SUM149 tumor-infiltrating CD8+ T cells after panitumumab treatment. 

Gene Symbol 

Encoded 

Protein Log2FC Padj Function 

KLRC2 NKG2C -3.174 0.000107 Is associated with NK cell functions (78-81).  

CSF1 CSF1 -2.590 9.36E-05 Promotes the infiltration of TAMs and 

suppresses the effect of T cell functions (33). 

S100A7 S100A7 -2.348 1.58E-05 Contributes to the formation of a pro-

inflammatory environment that favors tumor 

progression and metastasis (34). 

KLRC1 NKG2A  -2.177 5.13E-8 Blockade of KLRC1 on CD8+ T cells can 

promote anti-tumor immunity by unleashing 

both T and NK cells (32). 

S100A8 S100A8 -2.112 0.0057 Induces immunosuppressive TAMs and 

MDSC accumulation (35, 82). 

HAVCR2 (also 

called TIM3) 

HAVCR2 

(TIM3) 

-1.923 7.09E-05 Immune checkpoint (83, 84). 

APOE APOE 2.208 0.00061 Elicits anti-tumor responses and enhances T 

cell activation (36). 

DUSP2 DUSP2 1.413 2.35E-05 Restrains T cell expansion and effector 

function; suppresses the host immune 

response against cancer (85). 



LMNA Lamin A/C 1.132 0.0161 Augments Th1 differentiation and response 

(38, 86). 

ISG15 ISG15 1.297 0.000301 Enhances IFN-γ secretion by NK and T 

cells; promotes cytotoxic T lymphocyte 

response via NK cells (37, 87, 88). 

IFN-γ, interferon gamma; NK, natural killer; TAM, tumor-associated macrophage. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Patient characteristics (n = 8). 

Characteristic All Patients 

Patients 

with pCR 

Patients with 

Non-pCR 

Age, years 
 

  

    Median 57 57 57 

    Range 29-68 29-61 40-68 

Race/ethnicity, no. (%) 
 

  

    White 7 (88) 3 4 

    African American 1 (12) 0 1 

Sex, no. (%) 
 

  

    Female 8 (100) 3 5 

Age, years, no. (%)    

    < 50  2 (25) 1 1 

    ≥ 50 6 (75) 2 4 

Menopausal status, no. (%) 
 

  

    Premenopausal 3 (38) 1 2 

    Postmenopausal 5 (62) 2 3 

Clinical N category, no. (%) 
 

  

    N1 4 (50) 2 2 

    N2 0 0 0 

    N3 4 (50) 1 3 

TNM stage at presentation, no. (%) 
 

  

    III 8 (100) 3 5 

    IV 0 0 0 

Nuclear grade, no. (%) 
 

  

    2 3 (38) 0 3 

    3 5 (62) 3 2 

Primary tumor subtype, no. (%)    

    HR+HER2- 4 (50) 1 3 

    HR-HER2-  4 (50) 2 2 

+, positive; -, negative; HR, hormone receptor; pCR, pathological complete response. 

 



Table S4. Cytokines/chemokines affected by panitumumab treatment in SUM149-hu-NSG-

SGM3 mice as identified with a cytokine antibody array. 

Cytokine/Chemokine 

Intensity in IgG2-

Treated Tumor 

Intensity in 

Panitumumab-Treated 

Tumor 

Fold 

Change* 

IP-10 (CXCL10) 3.725 33.214 8.92 

RANTES (CCL5) 2.531 19.583 7.74 

MIP-1b (CCL4) 4.092 11.217 2.74 

MIG (CXCL9) 2.493 3.860 1.55 

IL-8 27.622 16.620 0.60 

GRO 43.592 25.288 0.58 

Fractalkine (CX3CL1) 2.531 1.440 0.57 

Osteoprotegerin (OPG) 8.053 1.877 0.23 

MCP-1 (CCL2) 2.886 0.508 0.18 

ENA-78 (CXCL5) 11.581 0.884 0.08 

MIP-3α (CCL20) 7.804 0.194 0.02 

* Fold change = intensity in panitumumab-treated tumor/intensity in IgG2-treated tumor. 
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