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            Abstract
Transient, multi-protein complexes are important facilitators of cellular functions. This includes the chaperome, an abundant protein family comprising chaperones, co-chaperones, adaptors, and folding enzymesâ€”dynamic complexes of which regulate cellular homeostasis together with the protein degradation machinery1,2,3,4,5,6. Numerous studies have addressed the role of chaperome members in isolation, yet little is known about their relationships regarding how they interact and function together in malignancy7,8,9,10,11,12,13,14,15,16,17. As function is probably highly dependent on endogenous conditions found in native tumours, chaperomes have resisted investigation, mainly due to the limitations of methods needed to disrupt or engineer the cellular environment to facilitate analysis. Such limitations have led to a bottleneck in our understanding of chaperome-related disease biology and in the development of chaperome-targeted cancer treatment. Here we examined the chaperome complexes in a large set of tumour specimens. The methods used maintained the endogenous native state of tumours and we exploited this to investigate the molecular characteristics and composition of the chaperome in cancer, the molecular factors that drive chaperome networks to crosstalk in tumours, the distinguishing factors of the chaperome in tumours sensitive to pharmacologic inhibition, and the characteristics of tumours that may benefit from chaperome therapy. We find that under conditions of stress, such as malignant transformation fuelled by MYC, the chaperome becomes biochemically â€˜rewiredâ€™ to form a network of stable, survival-facilitating, high-molecular-weight complexes. The chaperones heat shock protein 90 (HSP90) and heat shock cognate protein 70 (HSC70) are nucleating sites for these physically and functionally integrated complexes. The results indicate that these tightly integrated chaperome units, here termed the epichaperome, can function as a network to enhance cellular survival, irrespective of tissue of origin or genetic background. The epichaperome, present in over half of all cancers tested, has implications for diagnostics and also provides potential vulnerability as a target for drug intervention.
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                    Figure 1: A subset of cancer cells are enriched in stable multimeric chaperome complexes.[image: ]


Figure 2: The epichaperome facilitates cancer cell survival.[image: ]


Figure 3: MYC is a driver of chaperome rewiring into the epichaperome.[image: ]


Figure 4: More than half of all tumours tested express the epichaperome.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Summary of the experimental design and findings.
a, Schematic of the experimental approach to address four key questions concerning the chaperome in cancer: (1) what are the molecular characteristics and composition of the chaperome in cancer; (2) what molecular factors drive chaperome networks to crosstalk in tumours; (3) what distinguishes the chaperomes of tumours that are sensitive to pharmacologic inhibition from those that are not; and (4) what are the characteristics of tumours that may benefit from chaperome therapy? To retain the endogenous proteome/chaperome make-up and function, we applied a variety of chemical biology tools and biochemical methods that retain native protein conformations and complexes. This approach minimally interferes with the system it interrogates, thus providing answers closer to the reality of disease. When applicable, data were validated by alternative and complementary methods, as indicated. This approach led to the discovery of a novel mechanism of tumour regulation. Specifically, we have identified and characterized the epichaperome, a modified chaperome network. Our data demonstrate that heterogeneous and stable, multimeric chaperome complexes nucleating on HSP90 and HSP70, and incorporating co-chaperones, isomerases, scaffolding proteins, and transport proteins, bring about the effective physical and functional integration of the chaperome machinery into the epichaperome. Chaperome rewiring into the epichaperome is fuelled by powerful transcription activators such as MYC. Only under conditions in which the chaperome becomes tightly integrated both functionally and physically to form the epichaperome are tumours addicted to individual chaperome members. The epichaperome is the survival mechanism for type 1 tumours; when the epichaperome is dismantled by ablation of a component chaperome, the chaperome network collapses leading to cell death. In contrast, in type 2 tumours in which the integration of the chaperome is only partial and most chaperome members function as insular communities, depletion of chaperome members only â€˜locallyâ€™ compromises the chaperome, maintaining overall cellular survival. b, c, Therapeutic and diagnostic implications of the findings. We propose the epichaperome as a biomarker to stratify patients for chaperome therapy, such as HSP90 inhibitors. This work also provides several ways to measure the epichaperome in clinic, that is, a non-invasive imaging assay (PU-PET) for solid tumours, a flow cytometry assay based on PU-FITC for liquid tumours and a native protein separation and analysis for minute biopsy specimens (isoelectric focusing; NanoPro technique) (b). We also propose that HSP90 is a cancer target when integrated into the epichaperome. Thus, HSP90 inhibitors that are specific for HSP90 when part of the epichaperome would be preferred for clinical use. Non-discriminate pharmacological agents that target chaperome members regardless of whether they are in the epichaperome or are part of dynamic complexes, such as in normal cells, could lead to toxicities and a low therapeutic index. For example, GI and ocular toxicities have been associated with some HSP90 inhibitors and not others due to chronic HSP90 inhibition in these normal tissues.


Extended Data Figure 2 Biochemical profile of chaperome members in cancer cell lines and primary specimens.
a, The biochemical profile of HSP90 in cell lines was analysed by native capillary isoelectric focusing. The â€˜heat mapâ€™ representation shows snapshots of HSP90 complexes as detected under different antibody blotting exposure times. See also Fig. 1a. b, The biochemical profile of HSP90 in samples denatured with urea. RT, room temperature; ON, overnight. Data were repeated independently twice with representative data shown. câ€“e, The biochemical profile of indicated chaperome members in cell lines (c, nâ€‰=â€‰4) and primary specimens (breast cancer, nâ€‰=â€‰5 (d), and acute myeloid leukaemia (AML), nâ€‰=â€‰2 (e)) was analysed by native capillary isoelectric focusing (IEF), native-PAGE and SDSâ€“PAGE. The schematic for the isolation and separation of AML blasts for biochemical analyses is shown in e, top. TNBC, triple negative breast cancer; HER2+, HER2-overexpressing breast cancer. For uncropped gel data, see Supplementary Fig. 1.


Extended Data Figure 3 PU-H71 and its labelled versions are reliable tools to perturb, identify and measure the expression of the high-molecular-weight, multimeric HSP90 complexes in tumours.
a, Correlative analysis between binding of a fluorescently (FITC) labelled PU-H71 (PU-FITC) to the panel of cancer cells shown in Fig. 1a (nâ€‰=â€‰6) and their apoptotic sensitivity to HSP90 inhibition (Pearsonâ€™s r, two-tailed). Each data point represents a cell line. b, MDA-MB-468 (type 1) and ASPC1 (type 2) contain similar levels of HSP90 but only MDA-MB-468 expresses the high-molecular-weight chaperome species (see also Fig. 1a). HSP90Î± and HSP90Î² levels were quantified by fluorescence microscopy (nâ€‰=â€‰50; meanâ€‰Â±â€‰s.d.; unpaired t-test, NS). Scale bar, 10â€‰Î¼m. c, Association and dissociation of PU-FITC (a FITC labelled PU-H71) from HSP90 was probed in cell homogenates by fluorescence polarization. Average from technical duplicates is shown on the graph. The experiment was carried out twice with similar results. d, Association and dissociation of PU-H71-bait (a solid-support immobilised PU-H71) from HSP90 was probed in cell homogenates by chemical precipitation followed by analyses of HSP90 in the supernatant and of HSP90 isolated on the solid support. A solid-support containing immobilized PU-H71 and an HSP90-inert molecule (control bait) were incubated with cell homogenates for 2â€‰h. The bait-captured cargo was isolated and analysed by western blot (bait). The HSP90 species in the supernatant were separated and analysed as indicated. For isoelectric focusing, both the gel (for experimental duplicates) and the heat map representations of different exposure times are shown for each experimental condition. HMEC cells are shown for reference. Data were repeated independently twice with representative data shown. e, f, Association and dissociation of PU-H71 from type 1 and 2 tumours, measured in cells. Binding of PU-FITC to live cells was analysed by flow cytometry and fluorescence microscopy, as indicated. PU-FITC (1â€‰Î¼M for flow and 5â€‰Î¼M for microscopy) was added to cells and incubated for 4â€‰h before fluorescence signal detection. To show specificity of binding, the signal was competed off in a dose-dependent manner with unlabelled PU-H71. Control FITC, a triethylene glycol labelled FITC. e, Mean from two technical replicates; f, meanâ€‰Â±â€‰s.d., nâ€‰=â€‰50 individual cells, unpaired t-test, ****Pâ€‰<â€‰0.0001. The fluorescence intensity of PU-FITC staining was quantified by ImageJ. Scale bar, 10â€‰Î¼m. g, Association and dissociation of PU-H71 from type 1 and 2 tumours, measured in vivo. Biodistribution of 124I-PU-H71 (a 124I radiolabelled version of PU-H71) was monitored live in tumour-bearing mice. Each mouse bears one xenografted MDA-MB-468 and one ASPC1 tumour, of similar volume, as indicated. Following intraveneous (iv) injection of a tracer amount of the 124I-PU-H71 agent, mice were monitored by micro-positron emission tomography (PET) imaging. Representative images taken at the indicated times post-injection are shown. Note that immediately after injection (1â€‰h timepoint image), the agent is widely and uniformly distributed throughout the body and in each tumour. The off rate from type 1 tumours is slower compared to type 2 and non-transformed tissues (that is, distinct koff from type 1 tumours versus type 2 tumours). The image is representative of five individual mice. In an independent experiment, radioactivity was measured in a gamma-counter upon mouse euthanasia and data were graphed to monitor the time-dependent distribution of PU-H71. Graph; radioactivity, measured as %IDg; injected dose per gram, versus time upon euthanasia (meanâ€‰Â±â€‰s.d., nâ€‰=â€‰8, ASPC1; nâ€‰=â€‰34, MDA-MB-468, pooled experiments of mice bearing individual tumours). Means were compared by unpaired t-tests between MDA-MB-468 and ASPC1 at each time point (NS, not significant; ***Pâ€‰<â€‰0.001; ****Pâ€‰<â€‰0.0001). h, Same as in g for a therapeutic dose of injected PU-H71, as indicated. Levels of intact PU-H71 in the indicated tumours, tissues and plasma were determined by liquid chromatography tandem mass spectrometry (LC-MS/MS) in mice (nâ€‰=â€‰5) euthanized at the indicated times post-PU-H71 injection. Graph; meanâ€‰Â±â€‰s.d., unpaired t-tests between MDA-MB-468 and ASPC1 (NS, not significant; ***Pâ€‰<â€‰0.001). i, Dose- and time-dependent binding of PU-H71 and H9010 (an anti-HSP90 antibody) to HSP90 species expressed in type 1 and type 2 tumour cells. C, control beads containing an HSP90-inert molecule. PU, 10â€‰Î¼l PU-H71 wet beads; 2Ã—PU, 20 Î¼l PU-H71 wet beads; H9010; 2â€‰Î¼l antibody immobilized on agarose beads. Because the IgG interferes with the HSP90 signal (see the high molecular smear in the native gels), native lysates were used for a control (input). Graph shows quantification of time-dependent changes in HSP90 species. j, Representative fluorescence microscopy images of live cells stained with PU-FITC (top) as compared to antibodies specific for HSP90 (bottom). rbtIgG, rabbit IgG control, msIgG, mouse IgG control. Scale bar, 10â€‰Î¼m. Micrograph is representative of four captured images. For uncropped gel data, see Supplementary Fig. 1.

                          Source data
                        


Extended Data Figure 4 Binding affinity of PU-H71 for cellular HSP90 is independent of the expression of HSP90 and other chaperome members, and is not affected by intracellular ATP concentration variations.
a, Correlative analysis for PU-H71-sensitive HSP90 species abundance, as measured by PU-FITC capture, and cell viability upon a 48 h treatment with PU-H71 (1â€‰Î¼M), as measured by annexin V staining (Pearsonâ€™s r, two-tailed). Each data point represents a cell line (nâ€‰=â€‰17); data points are the mean from two biological replicates ran in duplicate or triplicate. To account for intercellular background signal variability, HL60 cells were spiked in and used as internal control for each cell line; thus binding is presented as a ratio of the signal obtained in the analysed cell over that in HL60 cells. y axis, log values of the binding ratios. b, Cell lines analysed in a were lysed and total levels of the indicated chaperome members were determined by western blot. Î²-actin; protein loading control. c, A correlative analysis was performed between total chaperome levels, as obtained in b, and cell viability values, as determined in a; no significant and/or robust relationship was observed (Pearsonâ€™s r, two-tailed). d, e, In a panel of type 1, type 2 and non-transformed cells (nâ€‰=â€‰9), binding to PU-H71 and cell killing by PU-H71 (d) was compared to intracellular ATP levels (e). d, Correlation, Pearsonâ€™s r, two-tailed; e, meanâ€‰Â±â€‰s.d., each symbol represents an experimental replicate (MDA-MB-468, nâ€‰=â€‰23; OCI-LY1, nâ€‰=â€‰15; BCP-1, nâ€‰=â€‰8; HCC-1806, nâ€‰=â€‰16; ASPC1, nâ€‰=â€‰15; MDA-MB-415, nâ€‰=â€‰8; MCF7, nâ€‰=â€‰8; HMEC, nâ€‰=â€‰7; MRC5, nâ€‰=â€‰16). f, Schematic showing the experimental design for the isolation and analysis of primary AML samples. g, AML samples were stained with PU-FITC, and blasts (malignant) and lymphocytes (normal) were separated and analysed by flow cytometry. The signal in blasts over lymphocytes (used as internal standard) was graphed to classify clones as type 1 (>2.1 PU-FITC binding ratio of signal in blast versus lymphocytes) and type 2 (<2.1 PU-FITC binding ratio) (meanâ€‰Â±â€‰s.d., nâ€‰=â€‰9, unpaired t-test, **Pâ€‰<â€‰0.01). h, Total HSP90 levels were measured by staining with an HSP90 antibody after cell fixation and permeabilization (meanâ€‰Â±â€‰s.d., nâ€‰=â€‰9, unpaired t-test, NS, not significant). i, Viability of blasts following exposure to PU-H71 (1â€‰Î¼M) for 48â€‰h was measured by annexin V/7AAD staining (meanâ€‰Â±â€‰s.d., nâ€‰=â€‰9, unpaired t-test, ***Pâ€‰<â€‰0.001). j, PU-FITC staining of live and fixed/permeabilized unfractionated AMLs was visualized by fluorescence microscopy. Scale bar, 100â€‰Î¼m. Micrograph is representative of two captured images. The biochemical profile of AML no. 1 and AML no. 2 is presented in Extended Data Fig. 2e. For uncropped gel data, see Supplementary Fig. 1.

                          Source data
                        


Extended Data Figure 5 Chaperome networks in type 1, type 2 and non-transformed cells.
a, b, Heat maps illustrating all chaperome members (a) and the interactome of HSP90 (b) isolated by the HSP90 bait and identified upon mass spectrometry and bioinformatics analyses enriched (Pâ€‰<â€‰0.1) in type 1 tumours over type 2 tumours and non-transformed cells. Protein sorting was based on hierarchical clustering. Last lane of the heat map in a shows the enrichment of these proteins on the HSP70 bait. c, Network illustrating the connectivity of proteins isolated by the HSP90 bait and identified upon mass spectrometry and bioinformatics analyses; chaperome members and proteins with scaffolding, adaptor, protein interface modulator roles and significantly enriched (Pâ€‰<â€‰0.1) in type 1 tumours over type 2 tumours and non-transformed cells are shown. The thickness of the edges (connection lines) represents the robustness of the functional interaction. The colour of nodes represents protein abundance. For comparison, type 2 and non-transformed cells are also show. Core interactions are shown in Fig. 1f. d, e, The cargo or interacting proteins of HSP90 (d) and HSP70 (e) isolated by the PU-H71 and YK-chemical baits from the indicated cell homogenates. Protein levels in individual cell homogenates (input) were analysed by IEF and SDSâ€“PAGE, as indicated. Proteins precipitated on the chemical bait were analysed by SDSâ€“PAGE. Protein levels from each experimental condition were quantified and graphed (bottom). Data were repeated independently twice with representative data shown. fâ€“i, Changes in multimeric chaperone complexes in cells challenged with multiple siRNAs against HSP90Î± or HSP90Î² (f), HSP90Î±/Î², AHA1, HOP or HSP110 (g) and in cell homogenates challenged with antibodies specific for the indicated HSP70 paralogues and for HOP (h, i), as indicated. Levels of proteins in the homogenate were probed by SDSâ€“PAGE or native-PAGE, as indicated. All data were repeated independently twice with representative data shown. For uncropped gels, see Supplementary Fig. 1.
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Extended Data Figure 6 HSP90 is functional and susceptible to exogenous inhibitors in type 2 as well as in type 1 cells, but only inhibition of HSP90 in type 1 cells is toxic to the cell.
a, The response of type 1 and 2 tumours classified by PU-PET avidity, to PU-H71 treatment, is shown. Patients were treated as part of the NCT01393509 clinical study. Each picture is a scan of data taken of an individual patient. PU-PET images were taken at 24â€‰h after 124I-PU-H71 tracer administration. Scale bars (bottom of panel); PET window display intensity scales for FDG and PU-PET fusion PET-CT images. Numbers in the scale bars indicate upper and lower SUV thresholds that define pixel intensity on PET images. b, Changes in HSP90 machinery function upon pharmacologic inhibition (PU-H71, 1â€‰Î¼M for 24â€‰h). Inhibition of PI3K/AKT activity was monitored; see p-S6K surrogate for AKT activity in cell lines and p-AKT in primary specimens (below). Data in cell lines were repeated independently twice with representative data shown. For HSP90Î±/Î² knockdown data, see Extended Data Fig. 5g. câ€“f, Treatment schematic and representative examples of primary breast cancer specimens (nâ€‰=â€‰2) treated ex vivo with PU-H71. c, Workflow for the analysis of the primary specimens. d, Molecular signature of tumour and adjacent normal tissue of the surgical specimen as analysed by native, nanofluidic proteomic assay (NanoPro; native IEF), for HSP90 and HSP70 (gel representation), and AKT (chromatogram representation). e, Molecular response of tumour sections treated for 24â€‰h ex vivo with PU-H71 (1â€‰Î¼M). AKT (an HSP90 client) activity was probed with the indicated antibody. BCL2 was chosen as a loading standard; this protein is insensitive to HSP90 inhibition in the analysed primary breast specimens (native IEF, chromatogram representation). f, Apoptotic response of the indicated tumour specimens to ex vivo treatment with PU-H71 or vehicle. Apoptosis and necrosis of the tumour cells (as percentage) is assessed by reviewing all the haematoxylin and eosin (H&E) slides of the case (controls and treated ones) in toto, blindly, allowing for better estimation of the overall treatment effect to the tumour. Image representative of the entire specimen section. gâ€“j, Response profile of a panel of pancreatic cancer cells to HSP90 inhibition. g, Changes in cell viability following HSP90 pharmacologic inhibition by three chemically distinct agents, as indicated. Mean from two to three technical replicates is shown. Subclassification of the analysed cell lines by PU-FITC binding is shown on the left. h, The effect of PU-H71 on cell growth was measured with an assay that analyses intracellular ATP levels. Cells were treated for 72â€‰h with PU-H71 and the half maximal inhibitory growth concentration (IC50) was determined. Meanâ€‰Â±â€‰s.d.; nâ€‰=â€‰6. i, Representative examples of type 1 and type 2 cells treated for 24â€‰h with the indicated concentrations of PU-H71. Inhibition of HSP90 is demonstrated by a decrease in HSP90 client function (p-S6K and p-ERK) and by HSP70 induction, and evidenced in both type 1 and 2 tumour cells. Induction of apoptosis, as demonstrated by the appearance of cleaved PARP (cPARP), is however, specific to type 1 tumour cells. Î²-actin, protein loading control. The HSP90 biochemical signature of the select cells is shown on the right. The blue arrows indicate the close relationship between the growth inhibitory IC50 values and HSP90 function inhibition, suggesting that HSP90 inactivation is sufficient to inhibit growth (that is, have a static effect) in both type 1 and 2 tumours. In contrast, substantial induction of apoptosis is specific to type 1 tumours. Thus, HSP90 is functional in type 2 and is engaged by the HSP90 inhibitorsâ€”the resistance phenotype of type 2 tumours cannot be explained by an inability of the HSP90 inhibitor to engage HSP90. Data are representative of two independent experiments. For uncropped gel data, see Supplementary Fig. 1.


Extended Data Figure 7 The epichaperome facilitates cancer cell survival.
The expression of the epichaperome was altered by epichaperome components knockdown (a) or by titrating into cells siRNAs that targeted both the HSP90Î± and the HSP90Î² paralogues (bâ€“g) to test whether the epichaperome facilitates survival in type 1 tumours. a, Epichaperome levels were altered by AHA1 siRNA knockdown or a control (scramble, Scr) siRNA (left panel) and cell viability, as measured by PARP cleavage, was determined in cells treated for 24â€‰h with increasing concentrations of PU-H71 (0, 0.5, 1 and 2â€‰Î¼M) (right panel). See also Extended Data Fig. 5g for biochemical signature of cells after AHA1 knockdown. Data are representative of two independent experiments. bâ€“e, Total protein (b, e), mRNA (c) and multimeric species of indicated chaperome members (d) levels were monitored in MDA-MB-468 type 1 cells in which several concentrations of siRNAs against HSP90Î±/Î² (nâ€‰=â€‰14) were titrated in. 1 and 8 are control scramble; 2, 3, 4, 9, 10, 11 are 0.915, 1.83, 3.66, 0.366, 1.83 and 14.64â€‰nM of siRNA no. 1, respectively; and 5, 6, 7, 12, 13, 14 are 0.366, 0.915, 3.66, 0.0229, 0.0915 and 0.366nM of siRNA no. 2, respectively. Cell viability in each condition was monitored by LDH release. Values for each experimental condition (as percentage control scramble) were quantified and are noted under the native gels in a. HMW, high molecular weight. For gels, experiments were repeated independently twice with representative data shown. For graphs, meanâ€‰Â±â€‰s.d., nâ€‰=â€‰6. f, Changes in chaperome members (mRNA) were monitored following siRNA knockdown of the indicated individual chaperome members in MDA-MB-468 and ASPC1 cells. Error bars show meanâ€‰Â±â€‰s.d., nâ€‰=â€‰6. g, Same as for bâ€“d in ASPC1, type 2 cells (1 through 4 siRNA concentrations, as in d. Error bars represent meanâ€‰Â±â€‰s.d., nâ€‰=â€‰6, unpaired t-test, NS, not significant). For uncropped gel data, see Supplementary Fig. 1.

                          Source data
                        


Extended Data Figure 8 MYC is a driver of chaperome rewiring into the epichaperome.
a, The top eight transcriptional regulators ranked by significant overlap between dataset genes and known targets regulated by the indicated transcription regulators in type 1 tumours. b, Heat map illustrating the enrichment in type 1 tumours of MYC target genes, MYC transcriptional signature and of proteins that regulate MYC function and/or expression.
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Extended Data Figure 9 Chaperome rewiring into the epichaperome is fuelled by powerful transcription activators such as MYC.
aâ€“e, Establishment and characterization of HSP90-inhibitor-resistant cells. a, Schematic detailing the establishment and separation of clones cross-resistant to PU-H71, PU-DZ13 and 17-DMAG. These compounds are chemically distinct HSP90 inhibitors. b, RNA-seq and western blot analyses of clone no. 22 indicate that cellular resistance to HSP90 inhibitors is associated with MYC downregulation. RPKM, reads per kilobase of exon per million mapped reads. Western blot data are representative of two independent experiments. c, HSP90 remains functional in the HSP90-inhibitor resistant clones, as well as in cancer cells in which MYC expression is reduced by shRNA knockdown. Cells were treated for 24â€‰h with the indicated concentrations of PU-H71, and HSP90 client protein function (p-AKT and p-S6K levels) was analysed by western blot. For gels, experiments were repeated independently twice with a representative gel shown. d, PU-FITC binding to the indicated resistant clones (nâ€‰=â€‰10) presented as relative, mean fluorescence intensity values, was measured by flow cytometry. The parental OCI-LY1 (type 1 tumour cell) is shown for comparison. Inset shows total HSP90 levels measured by western blot in the indicated clones (nâ€‰=â€‰8). IB; anti-HSP90 (F8) sc-13119. e, Binding of a fluorescently labelled geldanamycin derivative (GM-cy3B) to the indicated cell homogenates was measured by fluorescence polarization. Graph shows mean from three technical replicates. f, Experimental design for the creation and characterization of MYC-expressing ASPC1 cells. g, Levels of MYC and HSP90 were analysed by western blot in the indicated infection conditions (day 4 post-lentiviral infection). Data were repeated independently twice with a representative blot shown. h, Transcriptional activity of MYC in infected cells was measured using the TransAM c-Myc Transcription Factor ELISA. Mean from three technical replicates is shown. i, Flow cytometry confirmed the expression of MYC in infected ASPC1 cells. mCerulean and MYC were co-expressed with a 2A peptide linker, which was self-cleaved after protein translation. Data were repeated independently twice with representative data shown. jâ€“l, Viability of ASPC1 cells infected with either empty vector or MYC was assessed using an assay that quantifies annexin V/7AAD-stained cells (j), ATP levels (k), LDH release (l) following treatment with PU-H71, as indicated. k, Mean of four technical replicates. l, Error bars show meanâ€‰Â±â€‰s.d., nâ€‰=â€‰6, unpaired t-test, ****Pâ€‰<â€‰0.0001. mâ€“p, HSP90 oncogenic kinase clients do not require the epichaperome for cell transforming activity. m, PU-FITC binding to the indicated live cells presented as a ratio (fluorescent signal of measured cells over signal in HL60 cells; HL60, internal standard). nâ€“p, Changes in multimeric chaperome complexes (n, o) and total protein (p) in the indicated conditions. All data were repeated independently twice with representative data shown. OCI-LY1 (type 1 cells) and OCI-LY1 rewired to type 2 following MYC loss are presented for direct comparison purposes. For uncropped gels, see Supplementary Fig. 1.
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Extended Data Figure 10 The apoptotic response profile of a panel of cancer cells following HSP90 inhibition is independent of levels of chaperome members, HSP90 client proteins and anti-apoptotic molecules, tissue of origin or causal genetic mutations.
a, Total levels of the indicated chaperome members, HSP90 client proteins and anti-apoptotic molecules were analysed by western blot in a panel of pancreatic cancer cells (nâ€‰=â€‰12). GAPDH and Î²-actin, protein loading controls. Protein levels were quantified and graphed against the viability of these cells upon HSP90 inhibition. A correlative analysis was performed (Pearsonâ€™s r, two-tailed). Each data point represents a cell line. PU-FITC binding is shown for comparison. b, Correlative analysis of epichaperome abundance, as measured by PU-FITC staining, and cell viability upon a 48â€‰h treatment with PU-H71 (1â€‰Î¼M), as measured by annexin V staining (Pearsonâ€™s r, two-tailed). Each data point represents a cell line (nâ€‰=â€‰95); data are the mean from two orthree biological replicates. Cells representing pancreatic, gastric, lung, and breast cancers, along with lymphomas and leukaemias were chosen for analysis. c, Same as above for the treatment of cancer cells (nâ€‰=â€‰12) with three chemically distinct HSP90 inhibitors. d, Same as b, but for each cell line, known genetic lesions were added. No specific genetic alteration could be found distinguishing the two tumour types; whereas p53-, Ras-, Myc-, HER-, PI3K/AKT-, and JAK- cell cycle-related defects were found in tumours that were sensitive to PU-H71, they were also evident in PU-H71 resistant cells. We found genetic defects in major chaperome members to be rare, with BCP-1 cells only carrying an HSP90AA1 missense mutation (P596S). No mutations in HSP90AB1, HSPH1, HSPA8, STIP1 and AHSA1 were reported in this large panel of cell lines. These were obtained from the cBioPortal for Cancer Genomics website (http://www.cbioportal.org/).
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        Editorial Summary
Tumour cells supported by the epichaperome
The chaperome describes the assembly of chaperones, co-chaperones, adaptors and folding enzymes into dynamic complexes that regulate cellular homeostasis. Whereas in normal cells, these assemblies are transient, Gabriela Chiosis and colleagues show that under conditions of stress, such as cancer, the chaperome forms a stable network that aids deleterious cell survival. The authors investigate the presence of such larger 'epichaperome' complexes in patient samples and find that they occur irrespective of tissue of origin or genetic background, and can be present in more than half of all cancers. These findings hint that targeting the epichaperome, rather than the chaperome components, could lead the way for developing new cancer treatments.
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