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PBRM1 ANTIBODY FOR DETECTING IMMUNOTHERAPY RESPONSE
[0001] Government Support Clause
[0002] This invention was made with government support under Grant No. CA155015

awarded by the NIH. The government has certain rights in the invention.

[0003] FIELD OF INVENTION
[0004] This application is generally related to antibodies modified against PBRMI1,
suitable as a biomarker for metastatic kidney cancer, and specifically directed towards methods

of treatment of a patient with immunotherapies.

[0005] BACKGROUND OF INVENTION

[0006] Renal cancer is one of the top ten most common cancers with over 60,000 cases in
US annually. Over 75% RCCs are of the clear cell type (ccRCC). Von Hippel-Lindau (VHL)
inactivation (>80%) leads to accumulation of hypoxia-inducible factors(HIFs), and subsequently
production of angiogenic/ growth factors, VEGF (antiangiogenic) therapy (sunitinib, pazopanib,
sorafenib, bevacizumab). Tumor recurrence after anti-VEGF treatment.

[0007] About 40% of metastatic kidney cancer patients respond well to combined-
immunotherapies. It is currently not known who will respond. Our antibody could potentially
provide a quick and inexpensive way to predict who will respond if we have patients’ tumor
tissues. This will direct the patients who are unlikely to benefit from immunotherapies to other
therapies, potentially benefit these patients. It will also provide significant savings to medical

care by avoiding unnecessary treatment.
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[0008] Each year there are more than 60,000 new cases of kidney cancer in US alone. If
our technology is proven useful it can be applied to thousand or tens of thousands of patients
who will be treated with immunotherapy. Immunotherapy is being considered as new standard of

care by experts.

[0009] SUMMARY OF INVENTION

[00010] We have discovered that the K1505 of PBRM1 tumor suppressor protein in
kidney cancer is acetylated. This acetylation is critical for PBRM1 to function as a component of
a chromatin-remodeling complex. We have generated an antibody that can specifically detect
K1505 acetylation on human tumor samples with immunohistochemistry. As PBRM1 DNA
mutations have just been identified as a predictive biomarker for good responders to
immunotherapy in metastatic kidney cancer patients, this antibody provides a more accurate and
comprehensive biomarker for the same patients. Application of this antibody is therefore useful
for any cancer with a PBRM1 modification or mutation, including but not limited to renal
cancer, melanoma, lung cancer and/or head and neck cancer.

[00011] No predictive biomarker currently exists for kidney cancer patients treated with
immunotherapy. The DNA mutation of PBRM1 are not found in a third of good responders, and
our antibody might cover that population so it is a better predictive marker.

[00012] Components of SWI/SNF chromatin remodeling complex are mutated in 10-20%
of pancreatic ductal adenocarcinomas (PDA) (1,2).

[00013] PBRM(| gene encodes a targeting subunit of the SWI/SNF complex (also called

BAF180). Somatic mutations of PBRM1 were found in 3% of PDA (cBioportal). Inactivation of
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PBRM1 cooperates with KRAS mutation to drive the development of pancreatic cancer in mice
(3).

[00014] Yang lab recently discovered that an acetylation on PBRM1 (K1505Ac¢) is critical
for PBRMI1 to bind to the rest of the complex, thus serving as a marker for functional PBRM1
(unpublished data).

[00015] PBRM1 mutations are a predictive biomarker for clear cell Renal Cell Carcinoma
(ccRCC) patients who clinically benefit from immunotherapies (4)

[00016] We hypothesize that the loss of PBRM1 protein expression and K1505Ac is more
prevalent than DNA mutations in PDA. We investigated whether the loss of PBRM1 and/or
K1505Ac in PDA is associated with patient outcome and/or clinical benefit from adjuvant
therapy.

[00017] In a preferred embodiment A method of manufacturing an antibody having
specificty for PBRM1 comprising:injecting into a host species, a 20 amino acid peptide having
the sequence LHSEAYLK(Ac)YIEGLSA and binding with PBRM1 with lysine acetylated,;
injecting a boost injection of the same 20 amino acid peptide within 70 days of the first injection,
obtaining serum from the host species; and passing the serum through a column loaded with
biotinylated LHSEAYLKYIEGLSA peptide; flowing the serum through a column loaded with
LHSEAYLK(Ac)YIEGLSA peptide; washing the column before the bound antibody is gently
eluted. In a preferred embodiment, wherein the host species is rabbit. In a preferred
embodiment, wherein the colum is washed three times before eluting the antibody.

[00018] In a preferred embodimednt, the method above, wherein the eluted antibody is
then examined with UV adsorption and Elisa titer test to reveal the protein concentration and the

affinity to the antigen.
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[00019] In a preferred embodiment, an antibody produced by the method of’ injecting into
a host species, a 20 amino acid peptide having the sequence LHSEAYLK(Ac)YIEGLSA and
binding with PBRM1 with lysine acetylated; injecting a boost injection of the same 20 amino
acid peptide within 70 days of the first injection, obtaining serum from the host species; and
passing the serum through a column loaded with biotinylated LHSEAYLKYIEGLSA peptide;
flowing the serum through a column loaded with LHSEAYLK(Ac)YIEGLSA peptide; washing
the column before the bound antibody is gently eluted. In a preferred embodiment, wherein the
host species is rabbit. In a preferred embodiment, wherein the colum is washed three times
before eluting the antibody.

[00020] In a preferred embodiment, use of the antibody K1505Ac¢, wherien the antibody is
contacted with a sample of cells from a patient for determining whether said antibody binds to
the sample; wherein binding of the antibody to the sample indicates treatment with a
chemotherapeutic agent or radiation therapy.

[00021] In a preferred embodiment, use of the antibody K1505Ax, wherein the antibody is
contact with a sample of cells from a patient; determining binding of said antibody to said
sample of cells; wherein the antibody does not bind to the cells; treating the patient with an
immunotherapy.

[00022] In a preferred embodiment, a method of determining whether a patient will
respond to immunotherapeutic treatment for cancer comprising; taking a sample of tumor cells
from a patient; fixing said tumor cells; contacting said tumor cells with an a K1505Ac antibody
of claim 5, incubating said cells; detecting whether said K1505Ac Antibody is bound to said
tumor cells; wherein if said K1505AC antibody is bound to said cells, determinig that patient

will not respond to immunotherapeutic treatment.
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[00023] In a preferred embodiment, use of the antibody K1505Ac¢ for determining whether
a ptient will be successfully treated with PD-1 antibody (nivolumab) and/or CTLA-4 antibody
(ipilimumab).

[00024] In a preferred emboidmnet, a method of treating a patient having renal cancer,
lung cancer, bladder cancer, melanoma or head and neck cancer, comprising taking a tissue
sample from said patient; testing the sample by performing an IHC test on the sample with the
K1505Ac antibody of claim 5; If there is a loss of the K1505Ac THC signal, then administering
nivolumab and/or ipilimumab to said patient, and wherein if a pateint does not have a loss of
K1505Ac IHC signal, then this patient should be consider unliklely to clinically benefit from
nivolumab and/or ipilimumab and other therapies such as chemotherapy or radiotherapy should

be tried first.

[00025] BRIEF DESCRIPTION OF THE DRAWINGS

[00026] FIG. 1 depicts how the understanding of J’HL.’s tumor suppressor function in
clear cell Renal Cell Carcinoma (ccRCC) leads to targeted therapy against VEGF. In ¢ccRCC,
VHL mutations is the founding mutations and most prevalent. Loss of VHL protein/function
leads to constitutive activation of hypoxia inducible factor (HIF), which in turn activates VEGF,
PDGF and GLUTT1 that promote tumorigenesis and tumor growth. Current standard of care for
metastatic ccRCC is to treat patients with VEGF receptor inhibitors that partially block HIF
pathway. It is clinical beneficial to about one third of patients and prolong their survival but the

tumors will almost always develop drug resistance.
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[00027] FIG. 2 depicts a chart of significantly mutated genes in ccRCC through genomic
sequencing (result from the Cancer Genome Atlas https://www.nature.com/articles/nature12222).
VHL mutations are the most prevalent and PBRM 1 mutations are the second (30-40%).

[00028] FIG. 3 depicts that 40% of ccRCC tumors have inactivating mutations in PBRM1

(htep/frwrww chioportal org/index do7session 1d=52aa8ebb498eb8b3d5653884 from a Memorial

Sloan-Kettering Cancer Center mutation database website).

[00029] FIG. 4 describes SWI/SNF chromatin remodeling complexes. A. Composition of
BAF complex. B. Composition of PBAF complex. BAF180 is another protein name of PBRM1.
C. A diagram describing how the SWI/SNF complex slide or eject a nucleosome on a chromatid.
[00030] FIG. 5 depicts that PBRM1’s need to bind to the rest of PBAF complex in order
to execute its tumor suppressor function.

[00031] FIG. 6 depicts the C-terminus of PBRM1 is necessary to bind to the rest of PBAF
complex. Tumor-derived mutations were incorporated into the Flag-tagged cDNA of PBRM1
and expressed in HEK293T cells. Anti-Flag immunoprecipitation was performed followed by
immunoblots with indicated antibodies. The result shows that the mutant PBRM1 that lost its c-
terminal tail failed to bind to the rest of PBAF complex.

[00032] FIG. 7 depicts that 1504-1518 of PBRM1 is required for the binding to the rest of
PBAF complex. Similar experiment to the one in FIG. 6 was performed with different PBRM1
constructs.

[00033] FIG. 8 depicts that 1485-1510 (26 aa) of PBRMI1 is sufficient to bind to the rest
of the PBAF complex. Different PBRM1 peptide sequences were fused with that of Flag-tagged
GFP, expressed in HEK293T cells, then immunoprecipitated and immunoblotted with indicated

antibodies.
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[00034] FIG. 9 depicts that in vitro, lysine acetylated K1505 peptides of PBRM1 had
enhanced affinity to the rest of the PBAF complex. A. Biotinylated peptides corresponding to
different sequences on PBRM1 were synthesized and used to pull down the PBAF components
from cellular lysates. B. GST-BRD7 fusion protein produced and purified from E. coli was used
to test its binding to indicated peptides.

[00035] FIG. 10 depicts the generation of the antibody. LHSEAYLK(Ac)YIEGLSA, 20
amino acid peptide of PBRM1 with lysine acetylated, is injected into rabbits. After a boost
injections within 70 days, serum is derived from the rabbit and passed through a column loaded
with biotinylated LHSEAYLKYIEGLSA peptide. The flow through are then passed through a
column loaded with LHSEAYLK(Ac)YIEGLSA peptide. The column is then gently washed
three times before the bound antibody is gently eluted. The eluted antibody is then examined
with UV adsorption and Elisa titer test to reveal the protein concentration and the affinity to the
antigen.

[00036] FIG. 11 depicts that the antibody has a high affinity to the coated plated. The
eluted antibody was examined with ELISA for its affinity to coated plates. The K1505Ac
antibody displayed high affinity to acetylated peptide, low affinity to non-acetylated peptide, and
no affinity to plate coated with pre-immune serum.

[00037] FIG. 12 depicts validation of 1505KAc antibody. A. The K1505Ac antibody was
pulled down by biotinylated peptides with indicated sequence. The protein was blotted with anti-
rabbit heavy chain to detect the bound antibody. Only the peptides with acetylated K1505
recovered significant amount of K1505Ac antibody. B. K1505Ac¢ and control antibody were used
to perform immunohistochemistry (IHC) staining with normal human kidney slides. The IHC

signal was competed away by inclusion of the acetylated peptide but not the non-acetylated
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peptide against K1505, suggesting that the IHC signals by K1505Ac¢ antibody was highly
specific.

[00038] FIG. 13 depicts that PBRMI1 is acetylated on K1505, and PBRM1’s binding to
the rest of PBAF complex is dependent on acetylation on K1505. A. Wild type PBRM1 or
K1505R PBRM1 are expressed in HEK293T cells. Immunoprecipitation with indicated
antibodies are performed followed by anti-Flag immunoblot. B. 786-0 cells stably expressing
PBRM1 shRNA and various PBRM1 constructs are subjected to immunoprecipitation and
immunoblots. PBRM1 K1505R mutation significantly reduced the recognition by K1505Ac¢
antibody and PBRM1’s ability to bind to the rest of PBAF complex.

[00039] FIG. 14 depicts that ccRCC tumor-derived 1504L-P and Del1504 mutations
disrupt PBRM1’s binding to the rest of PBAF and affect PBRM1’s stability. A. Flag-tagged
PBRM1 constructs are expressed in HEK293T cells followed by immunoprecipitation and
immunoblots. B. 786-0 cells stably expressing PBRM1 shRNA and various PBRM1 constructs
are subjected to immunoblots (left). The same cells are treated with solvent (DMSO) or
proteasome inhibitor (MG132) before detection by immunoblot (right). 1504L-P and Del1504
mutant PBRM1 derived from ccRCC mutations failed to interact with the rest of complex and
are unstable when expressed at low levels.

[00040] FIG. 15 depicts that 1505K-R mutant and tumor-derived mutants 1504L-P,
DEL1504 changes identified genes expression. Examination of PBRM1 protein A) and mRNA
B) are performed with 786-O ¢ccRCC cells stably expressing the indicated constructs. The
examination mRNA expression of OAS1 C), IFI44L D), ARPC4 E) and GAS6 F) with RT-PCR
showed that K1505R and tumor-derived mutant L1504P or Del1504 fail to regulate the

expression of PBRM1 targets.
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[00041] FIG. 16 depicts that acetylation of K1505 regulates PBRM1’s tumor suppressor
function. Xenograft analysis with the same number of 786-O cancer cells with different
genotype are injected into the flanks of immunocompromised nude mice. Tumors are excised
and weighed after 2-3 months of tumor growth. The p values of the tumor weights difference are
calculated with student t tests. N is the number of mice used.

[00042] FIG. 17 depicts representative IHC on pancreatic ductal adenocarcinoma (PDA)
tissue microarray (TMA) with PBRM1 or K1505Ac antibodies. The micrographs on the left
showed the representative samples with strong staining, while the micrographs on the right
showed the representative samples with weak staining.

[00043] FIG. 18 depicts the effect of KI1505AC only on survival by adjuvant therapy. The
result suggests that after adjuvant therapy, PDA patients with positive K1505Ac¢ only IHC
signals lived significantly longer than patients with K1505Ac only loss (patient population with
blue shade have positive K1505Ac¢ only IHC signals).

[00044] FIG. 19 describes that patients with positive K1505Ac THC signals positively
benefit from adjuvant therapy. Kaplan-meier curves of overall survival of patient with or without
adjuvant therapy are displayed.

[00045] FIG. 20 describes that patients with loss of K1505Ac THC signals fail to benefit
from adjuvant therapy. Kaplan-meier curves of overall survival of patient with or without
adjuvant therapy are displayed.

[00046] FIG. 21 describes that patients with positive K1505Ac IHC signal received
significant clinical benefit from adjuvant therapy, while the patients with K1505Ac signal loss

did not. The hazard ratios and p values are high light with the red box.
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[00047] DETAILED DESCRIPTION OF THE EMBODIMENTS

[00048] Fig. 1 details an overview of ccRCC and how it is associated with cancerous cells.
Our work 1s based on the understanding that Over 75% RCCs are of the clear cell type (ccRCC).
Von Hippel-Lindau (VHL) inactivation (>80%), accumulation of hypoxia-inducible factors
(HIFs), production of angiogenic/ growth factors, VEGF (antiangiogenic) therapy (sunitinib,
pazopanib, sorafenib, bevacizumab). Tumor recurrence after anti-VEGF treatment.

[00049] Indeed, the understanding of J’HL’s tumor suppressor function in clear cell Renal
Cell Carcinoma (ccRCC) leads to targeted therapy against VEGF (FIG. 1). A number of genes
are significantly mutated in ccRCC, and FIG. 2 details a chart that lists the significantly mutated
genes in ccCRCC through genomic sequencing (result from the Cancer Genome Atlas

httos fwwsy.naiure convarticles/nature12227).

[00050] From FIG. 2, we then evaluated certain genes and determined that J’/HI mutations
are the most prevalent and PBRM1 mutations are the second (30-40%). 40% of ¢ccRCC tumors
have inactivating mutations in PBRM1 (FIG. 3).

[00051] When evaluating PBRM 1, we need to understand that SWI/SNF chromatin
remodeling complexes are made up of many subunits (FIG. 4), and that PBRM1 needs to bind to
the rest of PBAF complex in order to execute its tumor suppressor function (FIG. 5).
Accordingly, to elucidate the binding to the PBAF complex we preformed additional studies.
[00052] Through truncational analysis we found that the C-terminus of PBRM1 is
necessary to bind to the rest of PBAF complex (FIG. 6). We further discovered that 1504-1518
of PBRM1 is required for the binding to the rest of PBAF complex (FIG. 7). After fusion with

GFP protein, we found that 1485-1510 (26 aa) of PBRMI1 is sufficient to bind to the rest of the

10
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PBAF complex (FIG. 8). The 26 aa sequences is depicted in FIG. 8, having the sequences
QPTTPMFVAP PPKTQRLLHS EAYLKYIEGL.

[00053] FIG. 9 depicts that in vitro, lysine acetylated K1505 peptides of PBRM1 had
enhanced affinity to the rest of the PBAF complex. With this information in hand, we set out to
create an antibody against lysine acetylated K1505 of PBRM1.

[00054] In FIG. 10, we detail a methodology for manufacture of the antibody of the
present embodiments. As an initial step, LHSEAYLK(Ac)YIEGLSA, a 20 amino acid peptide
of PBRM1, with lysine acetylated, is injected into rabbits. After a boost injection within 70 days,
serum is derived from the rabbit and passed through a column loaded with biotinylated
LHSEAYLKYIEGLSA peptide. The flow through are then passed through a column loaded with
LHSEAYLK(Ac)YIEGLSA peptide. The column is then gently washed three times before the
bound antibody is gently eluted. The eluted antibody is then examined with UV adsorption and
Elisa titer test to reveal the protein concentration and the affinity to the antigen. It is confirmed
that the antibody has a high affinity to the lysine acetylated K1505 peptide through ELISA
analysis (FIG. 11).

[00055] FIG. 12 A and B depicts validation of 1505KAc antibody. We confirmed that
PBRM1 is acetylated on K1505, and PBRM1’s binding to the rest of PBAF complex is
dependent on acetylation on K1505 (FIG. 13 A and B).

[00056] FIG. 14 A and B depicts that ccRCC tumor-derived 1504L-P and Del 1504
mutations disrupt PBRM1’s binding to the rest of PBAF and affect PBRM1’s stability. We
further confirmed that 1505K-R mutant and tumor-derived mutants 1504L-P, DEL1504 changes
identified genes expression (FIG. 15 A-F). With xenograft analysis, we found that acetylation of

K 1505 regulates PBRM1’s tumor suppressor function (FIG. 16 A-C).

11
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[00057] Accordingly, we decided to test whether this antibody has predictive power on
which cancer patient group will respond to certain therapy. We decided to test it on pancreatic
ductal adenocarcinoma (PDA) since PBRM1 is known to play a role in PDA tumorigenesis. FIG.
17 depicts representative IHC on PDA tissue microarray (TMA) with PBRM1 or K1505Ac¢
antibodies. Statistical analysis of Kaplan-meier curves of survival revealed that patients with
K1505AC only loss survival lived significantly shorter than the patients without loss after
adjuvant therapy (FIG. 18). Furthermore, the analysis also discovered that patients with positive
K1505Ac THC signal received significant clinical benefit from adjuvant therapy when compared
with the similar patients who did not receive adjuvant therapy (FIG. 19), while the patients with
K1505Ac signal loss did not have such improvement in outcome (FIG. 20). The hazard ratio
analysis confirmed this (FIG. 21). In conclusion, K1505Ac antibody is a strong predictive
biomarker in PDA patients treated with adjuvant therapy.

[00058] Accordingly, a preferred method takes a sample from a patient, fixes the sample
and then applies the K1505Ac antibody to the fixed samples. The cells are incubated and
washed. After a wash, a second antibody is provided to show coloration of bound K1505Ac.
This second antibody is washed from the fixed sample and developed. A solution for developing
the color is applied and the cells can be examined.

[00059] Samples that turn brown show that the K1505Ac¢ antibody has bound to the fixed
sample. This identifies wild-type or unmodified cells. Patients having bound K1505Ac antibody
are unlikely to benefit from immunotherapies (in our studies we tested Gemcitabine). Instead,
such a patient would benefit from chemotherapies or radiation therapy or resection strategies as a

first line of attack against the cancer.

12
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[00060] In contrast, samples that turn blue, show that the K1505Ac antibody did not bind
to the sample. This indicates that the sample has a mutation or loss of function with the PBRM1
and that treatment with an immunotherapy would be recommended. Accordingly, for any patient
where loss of PBRM1 is indicated, a step in the method would be to administer an appropriate
immunotherapy for the particular cancer type. Those of skill in the art will recognize that for
each cancer type, there are known therapeutics for treatment.

[00061] Additional Methods

[00062] 79 PDA tumors diagnosed at TJUH from 2012-13 were used to generate tissue
microarray (TMA). For each tumor, 3 different foci (1 mm? each) representative of morphologic
heterogeneity were selected. Clinical and pathologic variables were analyzed (Table 1).

[00063] Table 1

_ Tablel, Clinicopathologic characteristies

Smnker GBS (nwd iy

Hoad =72% . Body=B%. Tail=i%, 21 sites15%

Lymph node metastasis

Mean=600 fange=18 R 18T L

&

[00064] IHC studies using PBRM 1 antibody (Bethyl labs) and K1505Ac antibody
(directed against an acetylated peptide in the C-terminus of PBRM1, generated by Dr. Yang’s

13
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lab) (Figure 18) were performed using standard protocol, and the slides were reviewed
independently by two pathologists (G.J. and W J.), with the clinical details blinded.

[00065] Nuclear staining in tumor is scored as 0-3+ for intensity, and loss of expression
was defined as >5% of staining within tumor nuclei in any 1 mm? focus (Figure 19).
Discrepancies in scores were resolved by pathologic re-review by the two pathologists, and
consensus was reached.

[00066] Survival distributions were estimated using the Kaplan-Meier method, and groups
were compared using the log-rank test. Statistical analyses were performed using SAS/STAT
14.2, and p-values <0.05 were considered statistically significant.

[00067] RESULTS

[00068] Of 79 cases, 29% (n=23) showed >5% loss of PBRM1 nuclear expression, all of
which also showed loss of K1505Ac expression.

[00069] 58% showed >5% loss of K1505Ac (n=46), indicating a more prevalent
functional loss of PBRM1 in PDA.

[00070] For PBRMI1 loss (1 mm? dot, n=214), 23% had loss of expression in >5-50% of
tumor cells, and 9% showed loss in >50% tumor cells.

[00071] For K1505Ac¢ loss (1 mm? dot, n=199), 27% had loss of expression in >5-50% of
tumor cells, and 26% showed loss in >50% tumor cells.

[00072] The loss of expression of either PBRM1 or K1505Ac showed no significant effect
on overall survival (p=0.5695 and 0.5088, respectively).

[00073] In PDA who received adjuvant therapy, loss of K1505Ac without PBRMI1 loss
showed an association with worse survival (p=0.0265). In PDA who did not received adjuvant

therapy, loss of K1505Ac¢ without PBRM1 loss showed no effect on survival (p=0.6021),

14
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although the sample size is relatively small (Figure 20). Accordingly, testing of patient for loss
of PBRM1 is critical to determining success of treatment. For a given patient, loss of K1505Ac
is highly dependent on treatment strategies.

[00074] An acetylated form of PBRM1 was lost in a subset of PDA, and was more
prevalent than the loss of PBRM1 expression.

[00075] Loss of this functional form only seems to be associated with worse survival in
resectable PDA with adjuvant therapy. Future studies are needed to explore K1505Ac PBRMI1 as
a potential biomarker for PDA therapy.

[00076] Accordingly, our data shows the following conclusions:

[00077] 1. 1485-1510 (26 aa) of PBRMI is necessary and sufficient to bind to the rest of
the PBAF complex.

[00078] 2. PBRMI1 is acetylated on K1505Ac and PBRM1’s binding to the rest of PBAF

is dependent on acetylation of K1505.

[00079] 3. Acetylation of K1505 regulates PBRM1’s tumor suppressor function; and
[00080] 4. HDACS is the lysine deacetylase enzymes for K1505 acetylation.
[00081] As we continue to develop therapies and treatments using the antibodies

discovered herein, we will continue to evaluate and elucidate the Acetylation of K1505 regulates
PBRM1’s tumor suppressor function, colony formation, migration, and DNA damage response.
Indeed, our results showed that a large number of ccRCC samples lost nuclear staining of
K1505Ac signal. Finally, we will identify the signals that regulate the K1505Ac¢ modification on
PBRM1. We will examine the effect of different cytokines, chemokines, or different

physiological conditions such as IFN, interleukin, EGF or serum starvation on K1505ac levels.
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[00082] Example 1: IHC tests were performed with the antibodies on melanoma patients
treated with immunotherapy. The results, shown below, demonstrate that the K1505 of PBRM1

tumor suppressor protein in kidney cancer is acetylated, and can be useful for treating patients, as

described above.
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What is claimed is:
1. A method of using the antibody having specificty for PBRM1, comprising

generating an antibody having specificty for PBRM 1 that targets a peptide
containg the sequence LHSEAYLKYIEGLSA; and

contacting the antibody with a sample of cells from a patient to determine whether
said antibody binds to the sample;

wherein binding of the antibody to the sample indicates that the patient can be
treated with a chemotherapeutic agent or radiation therapy.

2. A method of manufacturing an antibody having specificty for PBRM1 comprising:

injecting, into a host species, a 20-amino-acid peptide comprising a sequence
LHSEAYLK(Ac)YIEGLSA that binds with PBRM1 through the acetylated lysine;

injecting, into the host species, a boost injection of the same 20-amino-acid
peptide within 70 days of the first injection;

obtaining serum from the host species that contains bound antibodies having
specificity for PBRM1,

passing the serum through a column loaded with biotinylated
LHSEAYLKYIEGLSA peptide;

passing the serum through a column loaded with LHSEAYLK(Ac)YIEGLSA
peptide;

washing the column before the bound antibody has eluted; and

eluting the antibody having specificity for PBRM1.

3. The method of claim 2, wherein the host species is rabbit.

18



WO 2019/178609 PCT/US2019/022805

10.

The method of claim 2, wherein the washing step comprises washing the colum three
times before eluting the antibody.
The method of claim 2, further comprising examining the eluted antibody with UV
adsorption and an Elisa titer test to determine the protein concentration and the affinity of
the antibody to its antigen.
An antibody produced by the method of claim 2.
A method of using the antibody of claim 6, comprising contacting the antibody with a
sample of cells from a patient to determine whether said antibody binds to the sample;
wherein failure of the antibody to bind to the sample indicates that the patient can be
treated with an immunotherapy.
A method of determining whether a patient will respond to immunotherapeutic treatment
for cancer comprising

obtaining a sample of tumor cells from a patient;

fixing said tumor cells;

contacting said tumor cells with an antibody of claim 6;

incubating said cells; and

detemining whether said antibody is bound to said tumor cells, wherein the
binding of said antibody to said cells indicates that patient will not respond to
immunotherapeutic treatment.
The method of claim 8, wherein the immunotherapeutic treatment includes PD-1
antibody (nivolumab) and/or CTLA-4 antibody (ipilimumab).
The method of claim 7, wherein the immunotherapy comprises treatment with PD-1

antibody (nivolumab) and/or CTLA-4 antibody (ipilimumab).
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11. A method of treating a patient having renal cancer, lung cancer, bladder cancer,

melanoma or head and neck cancer, comprising

obtaining a tissue sample from said patient; and

performing an IHC test on the sample with the antibody of claim 6 to determine
whether there is a loss of the antibody-specific IHC signal;

wherein a loss of the IHC signal indicates that the patient can be administered
nivolumab and/or ipilimumab, and wherein the lack of a loss of the IHC signal indicates
that patient should not be adiminstered nivolumab and/or ipilimumab.

12. The method of claim 8 or 11, wherein the antibody is a K1505Ac antibody.
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FIG. 2
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FIG. 3

40% of ecROC tumors have inactivating mutations in PBRM1
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FIG. 4
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FIG. 6

The C-terminus of PBRM1 is necessary to bind to the rest of PBAF complex
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FIG. 7
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FIG. 8

1485-1510 {26 aa) of PBERM1 is sufficient
to bind to the rest of the PBAF complex
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FIG. 9
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FIG. 12

Validation of 15305 AL antibody
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FIG. 13
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FIG. 14
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FIG. 16

Acsiylation of KI505 regulates PREMIs tumor suppressor function
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FIG. 17
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FIG. 19
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