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Supplementary Figure 1. BCL6 is aberrantly expressed in tumor cells.  

a, BCL6 expression in TCGA datasets. b, Oncomine analysis of % change in BCL6 expression in 

TCGA tumors that have matched normal controls. c, Spearman correlation of HSF1 and BCL6 

expression in TNBC, lung and gastric cancer patients. 
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Supplementary Figure 2. HSF1 regulates BCL6 expression in tumor cells. 

a, Vertebrate conservation (100 species) of the BCL6 promoter. b, Schematic of AlphaLisa 

detection of HSF1 binding activity. c, AlphaLISA activity of HSPA1A HSE and the BCL6 HSEs 

with increasing concentrations of recombinant HSF1 (mean ± s.e.m., representative of 3 biological 

replicates, **p<0.01). d, Sequence of the fluorescein-labeled oligonucleotides of HSPA1A HSE 

and BCL6 HSE2 used in the fluorescence polarization assay in (e). The position of the fluorescein-

dT is highlighted in red. e, Fluorescence polarization binding isotherms of rHSF1 to HSPA1A HSE 

or BCL6 HSE2 oligonucleotides. f, BCL6 mRNA in nonheat-shocked tissues of Hsf1+/+ and Hsf1+/- 

mice (n = 3 mice per genotype). g, HSP90AA1 mRNA after cell lines were transduced with control 

(shScr) or HSF1-targeting shRNAs in triplicates *p<0.05; **p<0.01 (representative of 3 biological 

replicates). h, HSF1 protein levels in cell lines transduced with HSF1-targeting shRNAs. i, 
Representative colony forming assays (left) and quantification (right) of breast, lung, and gastric 

cells transduced with control (shScr), HSF1-targeting shRNAs or BCL6-targeting shRNAs 

(representative of at least two biological replicates). j, BCL6 protein levels in cell lines transduced 

with BCL6-targeting shRNAs. P values were calculated by two-sided T-test. Data presented as 

mean ± s.e.m.  
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Supplementary Figure 3. Immunohistochemistry of Hsf1+/+ and Hsf1-/- mice and chimerism 
of CD45.1/CD45.2 bone marrow transplant. 

a, Representative PNA+, HSF1+ and BCL6+ staining at times post SRBC-immunization. Germinal 

centers (GC) are denoted by dotted lines. Fraction of PNA+ HSF1+ or PNA+ BCL6+ cells per GC is 

quantified on left. b, Representative H&E and B220 staining of spleen sections of Hsf1+/+ and 

Hsf1-/- mice (left). Quantification of splenic B220+ CD3- cells by flow cytometry (right, n=4 mice per 

genotype). c, Representative flow cytometry of CD45.1+ and CD45.2+ bone marrow cells from 

bone marrow chimeras generated with CD45.1+ Hsf1+/+ and CD45.2+ Hsf1+/+ or Hsf1-/- mice. d-e, 

Representative flow cytometry plot of CD45.1+ GC B-cells (d) and CD45.1+ GC TFH cells (e) (mean 

± s.e.m., n=4-5 mice per group). P values were calculated by two-sided T-test. Data presented 

as mean ± s.e.m. 
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Supplementary Figure 4. BCL6 is conserved in jawed and jawless vertebrates. 

a, Heatmap of percent identity of BCL6 protein orthologs. b, mRNA of BCL6 and HSPs normalized 

to the average of housekeeping genes (Homo sapiens and Gallus gallus: ACTB, RPLP0, TBP1; 

Mus musculus and Canis familiaris: HPRT1, RPLP0, TBP1; Anolis carolinensis and Danio rerio: 

ACTB, RPLP0; Petromyzon marinus: GAPDH). c, Shannon variability, a measure of conservation, 

at each amino acid of the BCL6 protein. Average Shannon variability is written above for each 

domain. d, Bcl6 protein (left) and mRNA (right) expression in zebrafish embryos injected with 

control or bcl6 morpholinos 24 h post fertilization. P values were calculated by two-sided T-test. 

Data presented as mean ± s.e.m. 
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Supplementary Figure 5. BCL6 BTB binding partner, NCOR1, is conserved in jawed and 
jawless vertebrates. 

a, Heatmap of the percent identity of NCOR1 protein orthologs. b, NCOR1 protein sequence 

alignment of the BCL6 binding domain. 
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Supplementary Figure 6. BCL6 induces a stress adaptive phenotype in chemotherapy-
treated cancer cells. 

a, Dose reduction index of RI-BPI and DOXO at the GI50 in solid tumor cell lines (representative 

of 2-3 biological replicates). b, Concentration of doxorubicin required for 75% growth inhibition 

(GI75) of breast (red) and lung (blue) cancer cells transduced with BCL6 shRNAs. c, Immunoblot 

of MDA-MB-468 and NCI-H460 cells transduced with control (shScr) or TOX shRNAs with vehicle 

or 25 µM FX1 treatment. d, Comet assay showing amount of DNA damage after 4 h of exposure 

in TOX-silenced MDA-MB-468 and NCI-H460 cells to 200 nM doxorubicin or 25 µM FX1, alone 

or in combination (*p<0.05; representative of 3 biological replicates). e, Kaplan-Meier analysis of 

progression free survival of TNBC, lung adenocarcinoma, and gastric cancer patients stratified 

by both BCL6 and TOX expression. n, number of patients. P values were calculated by two-sided 

T-test. Data presented as mean or mean ± s.e.m. 
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Supplementary Figure 7. BCL6 BTB inhibition sensitizes cancer cells to chemotherapy. 

a, Cell cycle analysis of MDA-MB-468 and NCI-H460 cells exposed to vehicle, 200 nM 

doxorubicin (MDA-MB-468) or 5.0 µM cisplatin (NCI-H460), 25 µM FX1 or their combination at 12 

h. *p<0.05; **p<0.01. Black asterisks represent significance relative to VEH alone; green asterisks 

represent significance relative to FX1 alone; orange asterisks represent significance relative to 

DOXO/CIS alone. b, Normalized tumor growth curves of MDA-MB-468 (left) and NCI-H460 (right) 

xenografted mice treated with vehicle, doxorubicin (MDA-MB-468) or cisplatin (NCI-H460), FX1 

or their combination (n=9-10 mice per group). c, Normalized animal weights from mice in (b). P 

values were calculated by two-sided T-test. Data presented as mean ± s.e.m. 
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Supplementary Figure 8. HSF1-BCL6 stress axis represses TOX to induce cell survival 
and chemotolerance by increasing DNA repair capacity. 

Tumors hijack the conserved HSF1-BCL6 stress tolerance axis to maintain their proliferation and 

survival through repression of TOX. This mechanism is upregulated with additional stress like 

repeated doses of chemotherapy pushing cells to increase DNA repair by inhibiting TOX. 

Therapeutically targeting BCL6 with small molecule inhibitors like FX1 can disrupt this stress axis 

resulting in anti-tumor activity. 
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Supplementary Table 1. Liver and kidney serum biochemistry in mice treated with the 
combination of cytotoxic chemotherapy and FX1. 

Data presented as mean ± s.e.m. (n=5 mice per group). *p<0.05 vs. vehicle and +p<0.05 vs. 

cytotoxic chemotherapy (DOXO or CIS).  
  

 
VEH DOXO FX1 COMBO 

Blood urea nitrogen (mg/dL) 16.6 ± 0.812 16.6 ± 1.03 16.2 ± 1.53 15.4 ± 1.208 
Creatinine (mg/dL) 0.154 ± 0.014 0.168 ± 0.014 0.138 ± 0.014 0.164 ± 0.016 
P (mg/dL) 10.52 ± 0.931 9.88 ± 0.899 9.84 ± 0.621 10.02 ± 0.912 
Na (mEq/L) 153.8 ± 0.583 151.8 ± 0.583* 153.4 ± 0.812 152.6 ± 0.244 
Cl (mEq/L) 109.8 ± 0.734 108 ± 0.948 107.2 ± 1.356 108.6 ± 0.871 
K (mEq/L) 8.22 ± 0.269 8.3 ± 0.389 8.42 ± 0.205 8.62 ± 0.245 
Ca (mg/dL) 9.08 ± 0.678 9.96 ± 0.557 9.6 ± 0.636 9.6 ± 0.637 
Total protein (g/dL) 4.94 ± 0.050 5.04 ± 0.050 5.04 ± 0.087 5.06 ± 0.050 
Albumin (g/dL) 2.46 ± 0.04 2.52 ± 0.037 2.46 ± 0.050 2.42 ± 0.037 
Alkaline Phosphatase (U/L) 46 ± 6.512 48.2 ± 5.435 60.2 ± 6.522 50 ± 5.441 
Alanine aminotransferase (U/L) 80.6 ± 21.32 95.4 ± 20.45 83.8 ± 21.32 77.6 ± 18.13 
Aspartate aminotransferase (U/L) 103.2 ± 19.54 114 ± 16.38 152.2 ± 25.81 128.4 ± 21.7 
Total bilirubin (mg/dL) 0.16 ± 0.024 0.2 ± 0.031 0.16 ± 0.024 0.16 ± 0.024 
Cholesterol (mg/dL) 115.4 ± 5.715 117.4 ± 6.63 118 ± 5.559 118.8 ± 6.336 
Triglyceride (mg/dL) 133.2 ± 7.137 149.4 ± 9.501 149.6 ± 9.4 149.6 ± 12.61 
 VEH CIS FX1 COMBO 
Blood urea nitrogen (mg/dL) 17.2 ± 1.068 14.4 ± 0.509* 14 ± 0.316* 13.8 ± 0.583* 
Creatinine (mg/dL) 0.188 ± 0.013 0.176 ± 0.007 0.156 ± 0.006 0.168 ± 0.006 
P (mg/dL) 10.6 ± 0.721 9.74 ± 0.292 8.98 ± 0.409 7.96 ± 0.283*+ 
Na (mEq/L) 156 ± 1.304 153 ± 0.316 154.6 ± 0.509 155.6 ± 0.509+ 
Cl (mEq/L) 110.4 ± 0.979 108.2 ± 0.2 107.8 ± 0.489* 110 ± 0.316+ 
K (mEq/L) 8.12 ± 0.281 8.26 ± 0.256 8.52 ± 0.307 8.3 ± 0.158 
Ca (mg/dL) 10.62 ± 0.213 10.4 ± 0.130 9.26 ± 0.847 10.26 ± 0.06 
Total protein (g/dL) 5 ± 0.070 5.16 ± 0.04 4.88 ± 0.058 4.84 ± 0.024+ 
Albumin (g/dL) 2.42 ± 0.066 2.44 ± 0.04 2.38 ± 0.037 2.34 ± 0.024 
Alkaline Phosphatase (U/L) 58 ± 6.76 51.2 ± 2.2 42.6 ± 1.965 33.6 ± 0.509*+ 
Alanine aminotransferase (U/L) 32 ± 5.05 21 ± 1.265 63.6 ± 28.79 31 ± 4.658 
Aspartate aminotransferase (U/L) 83.8 ± 11.91 50.2 ± 3.023* 101.8 ± 35.02 96.2 ± 5.978+ 
Total bilirubin (mg/dL) 0.18 ± 0.02 0.2 ± 0 0.16 ± 0.024 0.14 ± 0.024+ 
Cholesterol (mg/dL) 109.4 ± 2.943 132.8 ± 1.356* 121 ± 7.694 121.8 ± 4.055*+ 
Triglyceride (mg/dL) 155.8 ± 8.417 160.4 ± 6.177 185.6 ± 4.094* 131.6 ± 8.388+ 
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Supplementary Table 2. Primers.  

Forward and reverse primers for QChIP and QPCR.   

QChIP Primers Forward Reverse 
BCL6 GCAGTGGTAAAGTCCGAAGC AGCAACAGCAATAATCACCTG 
HSP90AA1 GCTAAGTGACCGCACAGGAC GAAGGTTCGGGAGGCTTCT 
HBB (NEG) GCCGTAAAACATGGAAGGAA CCCATTTGCTTATCCTGCAT 
QPCR Primers Forward Reverse 
H. sapiens BCL6 GACTCTGAAGAGCCACCTGC CTGGCTTTTGTGACGGAAAT 
H. sapiens HSP90AA1 TGAACTGGCGGAAGATAAAGA CTCATCACCAGAGGCAGATG 
H. sapiens HSPA8 CGTACTGCTTGTGAACGTGC TTGGCATCTCGAAGGGCTTT 
H. sapiens HSPA9 CAGAGCCCCAAGTAAAGCTG ATTTCCACTTGCGTTTGACC 
H. sapiens HSPA1B CCGAGAAGGACGAGTTTGAG CTGGTACAGTCCGCTGATGA 
H. sapiens ACTB GTTGTCGACGACGAGCG GCACAGAGCCTCGCCTT 
H. sapiens RPLP0 GGGCGACCTGGAAGTCCAACT CCCATCAGCACCACAGCCTTC 
H. sapiens TPB1 ACAACAGCCTGCCACCTTAC GCCTTTGTTGCTCTTCCAAA 
H. sapiens TOX CAATGGAGTATGTGCGTTCG TTCCCTGAATTCCTCAGTGG 
M. musculus Bcl6 GCGAACCTTGATCTCCAGTC TGACTCTCACTGCTGCTTCG 
M. musculus Hspa8 TTGTGTGGTCTCGTCGTCAG GTGTTGGTGGGGTTCATTGC 
M. musculus Hspa9 CTCCTTGCTGGAAAGGACAG ACAATGCACTGCCACGATTA 
M. musculus Hprt1 TATGCCGAGGATTTGGAAAA AATCCAGCAGGTCAGCAAAG 
M. musculus Rplp0 ATCGTCTTTAAACCCCGCGT GCATCATGGTGTTCTTGCCC 
M. musculus Tpb1 TGCCCAGCATCACTATTTCA CCGTAAGGCATCATTGGACT 
M. musculus Ifitm2 GCTTCGTTGCCTATGCCTAC AAAATAATGATGCAGATAATGACCA 
M. musculus Npas4 ATTCCCCTACGAAGGGTTTG GCTCCACGTCTTGATGACAA 
M. musculus Nr4a2 GGGCTGCAAAGGTTTCTTTA CCTCTCCGGCCTTTTAAACT 
M. musculus Prickle1 ATGGATTCTTTGGCGTTGTC GTGCAGCATGGAAGAGTTCA 
M. musculus Rab34 ACAAGGCTACCATCGGAGTG GAAGAGGAGCACGTTGGAAG 
M. musculus Rasip1 CTCAGCTCCACCATCTCCTC GAGCCTGCGCAGTTCTCTAT 
M. musculus Tox CCCCTTGGGAGTCAGCTC CAGAACGCACGTACTCCATC 
C. familiaris BCL6 GACTCTGAAGAGCCACCTGC CTGGCTTTTGTGACGGAAAT 
C. familiaris HSPA8 AAACCGAACCACCCCAAGTT ACTTGGACTTTAGGCCTGCC 
C. familiaris HSPA9 GCTGCTGATGGTCAAACTCA TCGCGTCCTGTACCCTTATC 
C. familiaris HPRT1 TGACACTGGGAAAACAATGC AACACTTCGAGGGGTCCTTT 
C. familiaris RPLP0 TGTGGGCTTTGTATTCACCA CCGTCTTAATCAGCTGCACA 
C. familiaris TBP1 TCTGAGAGCTCTGGGATCGT ATTTCCTCGCTGCCAGTCTA 
A. carolinensis BCL6 TTTCGCACTTGTAGGGCTTC  GATCCACACTGGCGAGAAAC  
A. carolinensis HSPA8 TTGCTGGTCTCAATGTGCTC GAACTCGGCAATGAAATGGT 
A. carolinensis HSPA9 CGAAAGTGCTGGAAAACGCA TCGTCGCCCAATTAGCCTTT 
A. carolinensis ACTB TAGCTCTTTTCCAGGGAGGA CGGTATCCATGAAACCACCT 
A. carolinensis RPLP0 CTGAGCGATGTGCAGTTGAT CCTCGGTGATGTCCAGAACT 
G. gallus BCL6 GAGAAGCCATACCCCTGTGA TGCACCTTGGTGTTTGTGAT 
G. gallus HSPA8 AGACATTGAGCGGATGGTTC GCTGGTGCTCAAACTCTTCC 
G. gallus HSPA9 GGGTGGTGGCACTTTCGATA TCTGAAGGGCCATGTTGTCC 
G. gallus ACTB CACGCACAATTTCTCTCTCG CACAATGTACCCTGGCATTG 
G. gallus RPLP0 GTGCTGGACATCACTGAGGA GAACGCCTTCACCTTTTCAG 
G. gallus TBP1 GGTTCCGGAAGACAACGTAA GCAGCCCTACAAAGCAACTC 
D. rario bcl6 TCCGACTCAAACCGTTCTTT TCTCCGTACATGCACTGCTC 
D. rario hspa8 TCACTGTGCCTGCGTACTTC ACACATCAAAAGTGCCACCA 
D. rario hspa9 CTCCGCTAAAGACAAGGGCA ACCCTCTGCCATGTTGACTG 
D. rario actb GCAGAAGGAGATCACATCCCTGGC CATTGCCGTCACCTTCACCGTTC 
D. rario rplp0 CTGGAGGGTGTGAGGAACAT CCTTCACCTTCTCAGCCAAG 
P. marinus BCL6 ACACGGGAGAGAAGCCCTAT ACCTTGGTGTTTGTGATGGC 
P. marinus HSP70 GGTGTGCTCATTCAGGTGTATGA TGCCCGTCAGCTCGAACT 
P. marinus HSP90 AGGCCGACCTCGTCAACA TGCAGGGCCTCCATGAAG 
P. marinus GAPDH TTGAGGATGGGAAGCTGTTGA GGGTCACGCTCCGAGTAGAC 
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Supplementary Materials and Methods:  

Survival analysis. Survival analysis was performed using previously described gene expression 

databases for TBNC(1) (n=255), NSCLC(2) (n=720) and GA(3) (n=898) patients. TNBC patients 

were selected using immunohistochemistry data for ESR1, PGR, and HER2. Cox proportional 

hazards survival analysis was made using gene expression to assign patients into different 

cohorts. When using single genes in a univariate analysis, each cutoff value between the lower 

and upper quartiles were tested and the best performing cutoff was used in the final patient 

classification. False discovery rate was computed to correct for multiple hypothesis testing. When 

using multiple genes, the cutoff values established in the univariate analysis were employed and 

the combination of multiple genes resulted in four cohorts (high/high, high/low, low/high, and 

low/low). Each of these cohorts were analyzed and are shown in the Kaplan-Meier plots. However, 

as it is not possible to compute hazard rate (HR) values for multiple cohorts, we computed the 

HR values using the cohorts with the best and the worst outcomes only in the Cox regression 

analysis. A Spearman rank correlation was used to determine the correlation of HSF1 and BCL6 

gene expression. In this analysis, we have included all available patients (not only those who had 

a published survival data) to increase the robustness of the results. Statistical significance was 

accepted in case of p<0.05. The following probes were used: HSF1, 202344_at; BCL6, 203140_at 

or 215990_s_at; and TOX, 204530_s_at. 

 

QPCR. Hsf1+/+ and Hsf1+/- mice, zebrafish embryos or cells were heat shocked (43 ºC for 2 h 

followed by recovery at 37 ºC for 2 h). Solid tumor cell lines were infected with shRNAs and 

selected for 48 h with 1 µg/mL puromycin. RNA was prepared using Trizol extraction (Invitrogen), 

and cDNA was prepared using the Verso cDNA synthesis kit (Thermo Scientific) and detected by 

fast SYBR Green (Quanta Biosciences) on the 7900HT Fast Real-Time PCR System (Applied 

Biosystems). Gene expression was normalized to one housekeeping gene (human ACTB, mouse 

Hprt1, lamprey GAPDH) or the average of 2-3 housekeeping genes where stated (Homo sapiens 

and Gallus gallus: ACTB, RPLP0, TBP1; Mus musculus and Canis familiaris: HPRT1, RPLP0, 

TBP1; Anolis carolinensis and Danio rerio: ACTB, RPLP0). QPCR primer sequences can be 

found in Supplementary Table 2. 

 

mRNA-sequencing. B220+ splenocytes from Bcl6+/+ (n=2) and Bcl6BTBMUT(4) (n=2) mice were 

heat shocked at 43 ºC for 1 h and allowed to recover at 37 ºC for 12 h. RNA was purified using 
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Trizol extraction (Invitrogen) and treated with Dnase (Qiagen). RNA quality was verified using the 

Agilent 2100 Bioanalyzer (Agilent Technologies) and the RNA integrity number values were 

greater than 8 for all samples. Sequencing libraries were generated with polyA+ RNA using the 

TruSeq RNA sample prep kit (Illumina). Libraries were cluster amplified and sequenced for 50 

cycles using the Illumina HiSeq2000. Reads were aligned to mm10 using Tophat (5), and gene 

expression values were calculated by counting how many reads map uniquely to the union of all 

gene exons using HTseq-count. Samples were normalized for sequencing depth, and 

differentially expressed genes were identified with the edgeR package (6). Genes with counts per 

million > -3 and an FDR value < 0.05 were considered differentially expressed. mRNA-seq data 

was validated using splenic B220+ cells and brain tissue from Bcl6BTBMUT and Bcl6RD2MUT mice, 

using the same experimental plan discussed earlier in this section.  

 

Immunofluorescence. De-identified human tonsillar specimens were fixed in 4% formaldehyde 

and embedded in paraffin. Antigens were unmasked in deparaffinized slides by boiling in 1 mM 

EDTA buffer pH 8.0. After cooling, slides were blocked and diluted primary antibodies (anti-BCL6 

D8, Santa Cruz; anti-HSF1-pSer326 EP1713Y, Epitomics) were applied overnight followed by 

fluorochrome-conjugated secondary antibodies (Alexa Fluor 488 goat anti-mouse IgG, Alexa 

Fluor 647 goat anti-rabbit IgG, Molecular Probes). Slides were mounted in Prolong Gold Antifade 

Reagent with DAPI (Molecular Probes) and imaged with an Axiovert 200M fluorescent microscope 

(Zeiss Inc). 

 

Immunohistology and imaging analysis. Mouse spleens were fixed in 4% formaldehyde and 

embedded in paraffin. Sections were prepared, cleared in xylene, and hydrated through a 

descending alcohol series. Slides were boiled with antigen retrieval buffer (10 mM sodium citrate 

buffer pH 6.4 or 1 mM EDTA buffer pH 8.0) and cooled. Endogenous peroxidase activity was 

quenched by treatment with 3% hydrogen peroxide in methanol and permeabilized. After blocking, 

slides were incubated with biotin-conjugated PNA (Vector Laboratories). Avidin-horseradish 

peroxidase (HRP) was applied, and peroxidase activity was detected with DAB color substrates 

(Vector Laboratories) and counterstained with hematoxylin. Images were obtained using an 

Axioskop imaging microscope (Zeiss Inc) and ImageJ software (NIH) was used to quantify GCs. 

For the time course analysis of HSF1 and BCL6 expression in GCs, tissue sections of spleens 

from several post-immunization times were compiled into a tissue microarray, processed and 

stained for PNA, BCL6 (N3, Santa Cruz) or HSF1 (ADI-SPA-901, Enzo Life Sciences). Tissues 
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sections for each time point were scanned and recorded using an EVOS FL Auto microscope 

equipped with a color camera. Individual images covering the contiguous areas per tissue was 

stitched to visualize and orient the macroscopic features per tissue. Fractional positivity of BCL6 

and HSF1 were determined using a semi-automated image processing method in ImageJ. Briefly, 

the PNA positive area was used to delineate the GCs and the defined region was projected onto 

the BCL6 and HSF1 tissue images. Once the GCs were defined per tissue, positively stained cells 

were identified using the IHC toolbox and the ratio of positive cells to total cells per region was 

computed. This was done for every tissue time point that contained GCs and the average positivity 

fraction across all GCs was plotted. Data trends for BCL6 and HSF1 was fitted using a non-linear 

regression third order polynomial and the goodness of the fit was computed. 

 

Flow cytometry. Single-cell suspension of mononuclear or affinity-purified cells were prepared 

and stained. Phycoerythrin-, fluorescein isothiocyanate- or allophycocyanin-conjugated antibody 

to mouse B220 (RA3-6B2), phycoerythrin-indotricarbocyanine–conjugated antibody to CD95/Fas 

(Jo2), phycoerythrin-indotricarbocyanine–conjugated antibody to mouse CXCR5 (2G8), and 

fluorescein isothiocyanate–conjugated antibody to mouse GL7 (GL7) were from BD Biosciences. 

Peridinin-chlorophyll-protein complex-cyanine5.5- or fluorescein isothiocyanate-conjugated 

antibody to mouse CD45.1 (A20), peridinin-chlorophyll-protein complex-cyanine5.5–conjugated 

antibody to mouse CD45.2 (104), phycoerythrin- or fluorescein isothiocyanate–conjugated 

antibody to mouse PD-1 (J43), and allophycocyanin-conjugated antibody to mouse CD4 (GK1.5) 

were from eBiosciences. Human GC B-cells were further stained with rat anti-human CD77 (AbD 

Serotech, 38-13) followed by peridinin chlorophyll antibody to rat IgM (Jackson ImmunoResearch 

Laboratories). Peridinin-chlorophyll-protein complex-cyanine5.5-conjugated antibody to BCL6 

(7D1) was from BioLegend. All flow cytometry data were acquired on a Macsquant flow cytometer 

(Miltenyi Biotec) and analyzed with FlowJo software package (TreeStar). 

 

Enzyme-linked immunosorbent assay (ELISA). Mice were immunized twice with NP-CGG, with 

the second NP-CGG immunization occurring at day 20 post the initial NP-CGG immunization. 

Serum samples were collected 15 days after the secondary NP-CGG immunization (which 

coincides with day 35 post primary immunization), and titers of isotype-specific high-affinity 

antibodies to NP were measured in plates coated with NP4-BSA with the SBA Clonotyping System 

(Southern Biotech) in serial dilutions followed by incubation with HRP-labeled detection antibodies 
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and ABTS substrate solution. Titers are presented as the greatest serum dilution that provided an 

average absorbance exceeding 2-fold above the average background absorbance at 405 nm. 

 

Immunoblots. Whole cell lysates from cells were prepared using lysis buffer (20mM Tris pH 8.0, 

150 mM NaCl, 5 mM EDTA, 1% Triton X-100) supplemented with protease inhibitors and resolved 

by SDS-PAGE, transferred to PVDF membranes, probed with primary antibodies (anti-HSF1 E-

4, Santa Cruz; anti-ACTIN AC-15, Sigma; anti-BCL6 N3/D8, Santa Cruz; anti-TUBULIN DM1A, 

Sigma; anti-TOX TXRX10, eBioscience) followed by HRP-conjugated secondary antibodies 

(Santa Cruz) and detected with enhanced chemiluminescence (Pierce). 

 

Protein sequence variability analysis. BCL6 and NCOR1 orthologs were found with the 

orthologous matrix browser and aligned with the multiple sequence comparison by log-

expectation (MUSCLE)(7). The protein variability server(8) was used for a sequence variability 

analysis (Shannon Diversity Index) of the multiple sequence alignment. Sequence entropy values 

were mapped onto the structure of Protein database entry 1R2B. 

 

Lentiviral transduction. Lentivirus was produced in HEK 293T by calcium phosphate 

transfection of pLKO.1-puromycin vectors (The RNAi Consortium) with envelope and packaging 

vectors, VSV.g and delta8.91. Lentivirus was collected 48 h after transfection and concentrated 

with PEG-it (Systems Biosciences). Cells were transduced and selected with 1 µg/mL puromycin 

(Sigma) 48 h after infection. shRNA sequences: shSCR: 5’- CCTAAGGTTAAGTCGCCCTCG -3’. 

Human shRNA sequences: shHSF1-1: 5’-GCAGGTTGTTCATAGTCAGAA-3’; shHSF1-2 : 5’-

CAGTGACCACTTGGATGCTAT-3’; shBCL6-1: 5’-CCCATGATGTAGTGCCTCTTT-3’ ; shBCL6-

2: 5’-CCACAGTGACAAACCCTACAA-3’; shTOX-1: 5’-CCCTACTATTGCAACAAGTTT-3’; 

shTOX-2: 5’-CGATGATACCTCTAAGATCAA-3’.   

 

Caspase 3/7 activity. Caspase 3/7 activity was determined using Caspase-Glo 3/7 Assay 

(Promega, USA) following manufacturer’s instructions. MDA-MB-468 cells were treated in 

triplicate with 25 µM FX1 or 100 or 200 nM doxorubicin, alone or in combination.  NCI-H460 cells 

were treated in triplicate with 25 µM FX1 or 2.5 or 5.0 µM cisplatin, alone or in combination.  



	
	

	

22 

Caspase 3/7 activity was evaluated at 24 h by measuring luminescence using the Synergy4 

microplate reader (BioTek).  

	

Compounds. Doxorubicin was purchased from Sigma. Cisplatin, gemcitabine, and paclitaxel 

were purchased from Selleck Chemicals. FX1 was generated by Alexander MacKerell (University 

of Maryland)(9). Drugs were dissolved in distilled water (doxorubicin, gemcitabine), saline 

(cisplatin) or DMSO (Sigma) (paclitaxel and FX1). RI-BPI (retro-inverted BCL6 peptidomimetic 

inhibitor) and control peptides were produced by Biosynthesis Inc from published sequences(10) 

and dissolved in distilled water.  
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