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(57) ABSTRACT 

The invention relates to inhibition of Wild-type and certain 
mutant forms of human histone methyltransferase EZH2, the 
catalytic subunit of the PRC2 complex Which catalyzes the 
mono- through tri-methylation of lysine 27 on histone H3 
(H3-K27). In one embodiment the inhibition is selective for 
the mutant form of the EZH2, such that trimethylation of 
H3-K27, Which is associated With certain cancers, is inhib 
ited. The methods can be used to treat cancers including 
follicular lymphoma and diffuse large B-cell lymphoma (DL 
BCL). Also provided are methods for identifying small mol 
ecule selective inhibitors of the mutant forms of EZH2 and 
also methods for determining responsiveness to an EZH2 
inhibitor in a subject. 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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INHIBITORS OF HUMAN EZH2, AND 
METHODS OF USE THEREOF 

RELATED REFERENCE 

[0001] This application is a continuation-in-part of the US. 
patent application Ser. No. 13/230,703, ?led Sep. 12, 2011, 
Which claims priority to, and the bene?t of, US. Ser. No. 
61/381,684, ?led Sep. 10, 2010, each ofWhichis incorporated 
herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to inhibition of Wild-type and 
certain mutant forms of human histone methyltransferase 
EZH2, the catalytic subunit of the PRC2 complex Which 
catalyZes the mono- through tri-methylation of lysine 27 on 
histone H3 (H3-K27), methods for treating cancers including 
follicular lymphoma and diffuse large B-cell lymphoma (DL 
BCL) and methods for determining responsiveness to an 
EZH2 inhibitor in a subject. 

BACKGROUND 

[0003] In eukaryotic cells DNA is packaged With histones 
to form chromatin. Approximately 150 base pairs of DNA are 
Wrapped tWice around an octamer of histones (tWo each of 
histones 2A, 2B, 3 and 4) to form a nucleosome, the basic unit 
of chromatin. Changes in the ordered structure of chromatin 
can lead to alterations in transcription of associated genes. 
This process is highly controlled because changes in gene 
expression patterns can profoundly affect fundamental cellu 
lar processes, such as differentiation, proliferation and apop 
tosis. Control ofchanges in chromatin structure (and hence of 
transcription) is mediated by covalent modi?cations to his 
tones, most notably of their N-terminal tails. These modi? 
cations are often referred to as epigenetic because they can 
lead to heritable changes in gene expression, but they do not 
affect the sequence of the DNA itself. Covalent modi?cations 
(for example, methylation, acetylation, phosphorylation and 
ubiquitination) of the side chains of amino acids are enZy 
matically mediated. 
[0004] The selective addition of methyl groups to speci?c 
amino acid sites on histones is controlled by the action of a 
unique family of enZymes knoWn as histone methyltrans 
ferases (HMTs). The level of expression of a particular gene 
is in?uenced by the presence or absence of one or more 
methyl groups at a relevant histone site. The speci?c effect of 
a methyl group at a particular histone site persists until the 
methyl group is removed by a histone demethylase, or until 
the modi?ed histone is replaced through nucleosome tum 
over. In a like manner, other enZyme classes can decorate 
DNA and histones With other chemical species, and still other 
enZymes can remove these species to provide control of gene 
expression. 
[0005] The orchestrated collection of biochemical systems 
behind transcriptional regulation must be tightly controlled in 
order for cell groWth and differentiation to proceed optimally. 
Disease states result When these controls are disrupted by 
aberrant expression and/or activity of the enZymes respon 
sible for DNA and histone modi?cation. In human cancers, 
for example, there is a groWing body of evidence to suggest 
that dysregulated epigenetic enZyme activity contributes to 
the uncontrolled cell proliferation associated With cancer as 
Well as other cancer-relevant phenotypes such as enhanced 
cell migration and invasion. Beyond cancer, there is groWing 
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evidence for a role of epigenetic enZymes in a number of other 
human diseases, including metabolic diseases (such as dia 
betes), in?ammatory diseases (such as Crohn’s disease), neu 
rodegenerative diseases (such as AlZheimer’s disease), and 
cardiovascular diseases. Therefore, selectively modulating 
the aberrant action of epi genetic enZymes holds great promise 
for the treatment of a range of diseases. 

Histone Methyltransferase EZH2 

[0006] Polycomb group (PcG) and trithorax group (trxG) 
proteins are knoWn to be part of the cellular memory system. 
Francis et al. (2001) Nat Rev Mol Cell Biol 2:409-21; Simon 
et al. (2002) Curr Opin Genet Dev 12:210-8. Both groups of 
proteins are involved in maintaining the spatial patterns of 
homeotic box (Hox) gene expression, Which are established 
early in embryonic development by transiently expressed 
segmentation genes. In general, PcG proteins are transcrip 
tional repressors that maintain the “off state,” and trxG pro 
teins are transcriptional activators that maintain the “on 
state.” Because members of PcG and trxG proteins contain 
intrinsic histone methyltransferase (HMTase) activity, PcG 
and trxG proteins may participate in cellular memory through 
methylation of core histones. Beisel et al. (2002) Nature 
419:857-62; Cao et al. (2002) Science 298:1039-43; CZermin 
et al. (2002) Cell 1 1 1 : 185-96; KuZmichev et al. (2002) Genes 
Dev 16:2893-905; Milne et al. (2002) Mol Cell 10:1107-17; 
Muller et al. (2002) Cell 111:197-208; Nakamura et al. 
(2002) Mol Cell 10:1119-28. 
[0007] Biochemical and genetic studies have provided evi 
dence that Drosophila PcG proteins function in at least tWo 
distinct protein complexes, the Polycomb repressive complex 
1 (PRC1) and the ESC-E(Z) complex (also knoWn as Poly 
comb repressive complex 2 (PRC2)), although the composi 
tions of the complexes may be dynamic. Otte et al. (2003) 
Curr Opin Genet Dev 131448-54. Studies in Drosophila (CZ 
ermin et al. (supra); Muller et al. (supra)) and mammalian 
cells (Cao et al. (supra); KuZmichev et al. (supra)) have dem 
onstrated that the ESC-E(Z)/EED-EZH2 (i.e., PRC2) com 
plexes have intrinsic histone methyltransferase activity. 
Although the compositions of the complexes isolated by dif 
ferent groups are slightly different, they generally contain 
EED, EZH2, SUZ12, and RbAp48 or Drosophila homologs 
thereof. HoWever, a reconstituted complex comprising only 
EED, EZH2, and SUZ12 retains histone methyltransferase 
activity for lysine 27 of histone H3. US. Pat. No. 7,563,589 
(incorporated by reference). 
[0008] Of the various proteins making up PRC2 com 
plexes, EZH2 (Enhancer of Zeste Homolog 2) is the catalytic 
subunit. The catalytic site of EZH2 in turn is present Within a 
SET domain, a highly conserved sequence motif (named after 
Su(var)3-9, Enhancer of Zeste, Trithorax) that is found in 
several chromatin-associated proteins, including members of 
both the Trithorax group and Polycomb group. SET domain is 
characteristic of all knoWn histone lysine methyltransferases 
except the H3-K79 methyltransferase DOT1. 
[0009] In addition to Hox gene silencing, PRC2-mediated 
histone H3 -K27 methylation has been shoWn to participate in 
X-inactivation. Plath et al. (2003) Science 300: 13 1-5; Silva et 
al. (2003) Dev Cell 4:481-95. Recruitment of the PRC2 com 
plex to Xi and subsequent trimethylation on histone H3-K27 
occurs during the initiation stage of X-inactivation and is 
dependent on Xist RNA. Furthermore, EZH2 and its associ 
ated histone H3-K27 methyltransferase activity Was found to 
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mark differentially the pluripotent epiblast cells and the dif 
ferentiated trophectoderm. Erhardt et al. (2003) Development 
130:4235-48). 
[0010] Consistent With a role of EZH2 in maintaining the 
epigenetic modi?cation patterns of pluripotent epiblast cells, 
Cre-mediated deletion of EZH2 results in loss of histone 
H3-K27 methylation in the cells. Erhardt et al. (supra). Fur 
ther, studies in prostate and breast cancer cell lines and tissues 
have revealed a strong correlation betWeen the levels of EZH2 
and SUZ12 and the invasiveness of these cancers (Bracken et 
al. (2003) EMBO J 22:5323-35; KirmiZis et al. (2003) M0! 
Cancer Ther 2:113-21; Kleer et al. (2003) Proc NaZlAcad Sci 
USA 100:11606-11; Varambally et al. (2002) Nature 419: 
624-9), indicating that dysfunction of the PRC2 complex may 
contribute to cancer. 

[0011] Recently, somatic mutations of EZH2 Were reported 
to be associated With follicular lymphoma (FL) and the ger 
minal center B cell-like (GCB) subtype of diffuse large B-cell 
lymphoma (DLBCL). Morin et al. (2010) Nat Genet 42: 181 
5. In all cases, occurrence of the mutant EZH2 gene Was 
found to be heterozygous, and expression of both Wild-type 
and mutant alleles Was detected in the mutant samples pro 
?led by transcriptome sequencing. Currently, the standard of 
care for the treatment of most cases of DLBCL is the 
R4CHOP regimen. However, the outcome of this regimen is 
far from satisfactory. Therefore, there is a great medical need 
to identify novel and effective therapies, optionally based on 
the genetic pro?les of the subject. 

SUMMARY OF THE INVENTION 

[0012] The invention is based upon the discovery that cells 
expressing certain EZH2 mutants are more responsive to 
EZH2 inhibitors than cells expressing Wild type EZH2. 
[0013] The invention features a method for treating or alle 
viating a symptom of cancer or precancerous condition in a 
subject administering to a subject expressing a mutant EZH2 
comprising a mutation in the substrate pocket domain as 
de?ned in SEQ ID NO: 6 a therapeutically effective amount 
of an EZH2 inhibitor. 

[0014] The invention also features a method of determining 
a responsiveness of a subject having a cancer or a precancer 
ous condition to an EZH2 inhibitor by providing a sample 
from the subject; and detecting a mutation in the EZH2 sub 
strate pocket domain as de?ned in SEQ ID NO: 6; and the 
presence of said mutation indicates the subject is responsive 
to the EZH2 inhibitor. 
[0015] The mutant EZH2 of the present invention is a 
mutant EZH2 polypeptide or a nucleic acid sequence encod 
ing a mutant EZH2 polypeptide. Preferably, the mutant EZH2 
comprises a mutation at amino acid position 677, 687, 674, 
685, or 641 of SEQ ID NO: 1. More preferably, mutation is 
selected from the group consisting of a substitution of glycine 
(G) for the Wild type residue alanine (A) at amino acid posi 
tion 677 of SEQ ID NO: 1 (A677G); a substitution of valine 
(V) for the Wild type residue alanine (A) at amino acid posi 
tion 687 of SEQ ID NO: 1 (A687V); a substitution of 
methionine (M) for the Wild type residue valine (V) at amino 
acid position 674 of SEQ ID NO: 1 (V674M); a substitution 
of histidine (H) for the Wild type residue arginine (R) at amino 
acid position 685 ofSEQ ID NO: 1 (R685H); a substitution of 
cysteine (C) for the Wild type residue arginine (R) at amino 
acid position 685 ofSEQ ID NO: 1 (R685C); a substitution of 
phenylalanine (F) for the Wild type residue tyrosine (Y) at 
amino acid position 641 of SEQ ID NO: 1 (Y641F); a sub 
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stitution of histidine (H) for the Wild type residue tyrosine (Y) 
at amino acid position 641 of SEQ ID NO: 1 (Y641H); a 
substitution of asparagine (N) for the Wild type residue 
tyrosine (Y) at amino acid position 641 of SEQ ID NO: 1 
(Y 641N); a substitution of serine (S) for the Wild type residue 
tyrosine (Y) at amino acid position 641 of SEQ ID NO: 1 
(Y 641S); and a substitution of cysteine (C) for the Wild type 
residue tyrosine (Y) at amino acid position 641 of SEQ ID 
NO: 1 (Y 641C). 
[0016] The subject of the present invention includes any 
human subject Who has been diagnosed With, has symptoms 
of, or is at risk of developing a cancer or a precancerous 
condition. For example, the cancer is lymphoma, leukemia or 
melanoma. Preferably, the lymphoma is non-Hodgkin lym 
phoma, follicular lymphoma or diffuse large B-cell lym 
phoma. Alternatively, the leukemia is chronic myelogenous 
leukemia (CML). The precancerous condition is myelodys 
plastic syndromes (MDS, formerly knoWn as preleukemia). 
[0017] Preferred EZH2 inhibitor for the methods of the 
present invention is selected from compounds listed in Table 
1. 
[0018] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. In the speci?cation, the singular forms 
also include the plural unless the context clearly dictates 
otherWise. Although methods and materials similar or equiva 
lent to those described herein can be used in the practice or 
testing of the present invention, suitable methods and mate 
rials are described beloW. All publications, patent applica 
tions, patents and other references mentioned herein are 
incorporated by reference. The references cited herein are not 
admitted to be prior art to the claimed invention. In the case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods and examples are 
illustrative only and are not intended to be limiting. 
[0019] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is tWo graphs establishing that B-cell lym 
phoma-associated mutants of EZH2 are active histone meth 
yltransferases. In vitro methyltransferase activity of PRC2 
complexes containing Wild-type and variousY641 mutants of 
EZH2 Was measured as (A) methyl transfer reactions using a 
peptide (H3 21-44) as substrate, and (B) methyl transfer reac 
tions using avian nucleosomes as substrate. Symbols: Wild 
type (C), Y641F (o), Y641H (U), Y641N (I), and Y641S 
(A). CPM is counts per minute, referring to scintillation 
counting as a result of 3H radiation. 
[0021] FIG. 2 is four graphs establishing that PRC2 com 
plexes containing mutant EZH2 preferentially catalyZe di 
and tri-methylation of histone H3-K27. (A) Methyltrans 
ferase activity of mutant and Wild-type (WT) complexes on 
unmethylated peptide (open bars), monomethylated peptide 
(hashed bars), and dimethylated peptide (closed bars). (B) 
Af?nity for peptide substrates as judged by Kl/2 is similar 
across all peptide methylation states for PRC2 complexes 
containing Wild-type (o), Y641F (O), Y641H (III), Y641N 
(I), and Y641S (A) EZH2. Note that the variation in Kl/2 
values across all substrates and all enzyme forms is less than 
3 .5-fold. For any particular methylation state of substrate the 
variation in Kl/2 value is less than 2-fold. (C) EnZyme turn 
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over number (kcat) varies With substrate methylation status in 
opposing Ways for WT and Y641 mutants of EZH2. The kcat 
decreases With increasing K27 methylation states for Wild 
type (0), but increases for Y641F (Q), Y641H (III), Y641N 
(I), and Y641S (A) mutants of EZH2. (D) Catalytic e?i 
ciency (km/Km) decreases With increasing K27 methylation 
states for Wild-type (0), but increases forY641F (Q), Y641H 
(III), Y641N (I), andY641S (A) mutants of EZH2. In panels 
B-D, the lines draWn to connect the data points are not 
intended to imply any mathematical relationship; rather, they 
are merely intended to serve as visual aides. 

[0022] FIG. 3A is a trio of graphs depicting predicted rela 
tive levels of H3-K27me3 (top panel), H3-K27me2 (middle 
panel), and H3-K27me1 (bottom panel) for cells containing 
different EZH2 mutants. Simulations Were performed using a 
coupled enzyme steady state velocity equation and the steady 
state kinetic parameters shoWn in Table 2. All values are 
relative to the homozygous WT EZH2-containing cells and 
assume saturating concentrations of intracellular SAM, rela 
tive to Km and intracellular nucleosome concentrations simi 
lar to Km. 

[0023] FIG. 3B is a series ofWestem blot analyses ofrela 
tive patterns of H3 -K27 methylation status for lymphoma cell 
lines homozygous for WT EZH2, or heterozygous for the 
indicated EZH2 Y641 mutation. Panels from top to bottom 
depict the results of probing With antibodies speci?c for the 
folloWing: total EZH2; H3-K27me3; H3 -K27me2; 
H3-K27me1; and total histone H3 as loading control. 

[0024] FIG. 4 depicts selected proposed mechanisms lead 
ing to aberrantly high levels of trimethylation on histone 
H3-K27 in cancer. These include: a) mutation of Y641 in 
EZH2 resulting in a change in substrate preference from the 
nonmethylated to the mono- and di-methylated histone 
H3-K27; b) overexpression of EZH2; c) mutations in UTX 
that inactivate enzyme function, causing a decrease in dem 
ethylation of H3-K27me3; and d) overexpression of the 
PRC2 complex subunit PHF19/PCL3 that leads to increases 
in recruitment of the PRC2 complex to speci?c genes and an 
increase in histone H3-K27 trimethylation. In all four models 
the alteration leads to aberrant histone H3 -K27 trimethylation 
in the proximal promoter regions of genes resulting in tran 
scriptional repression of key genes in cancer. 
[0025] FIG. 5 depicts a SDS-PAGE gel shoWing that the 
expression levels of each of the ?ve-component PRC2 com 
plexes are similar With mutant and Wild-type EZH2. 

[0026] FIG. 6 is a pair of tables shoWing that mutant and 
Wild-type (WT) PRC2 complexes display strong substrate 
preference for H3-K27-containing peptides. Each enzyme 
Was tested against a panel of overlapping 15-mer peptides 
covering all of H3 and H4. Activity Was measured as velocity 
(CPM per minute), and the reported value represents the 
mean of tWo independent determinations for each reaction. 
For all the complexes the most favored peptide Was H3: 16-30. 
WT complex had greater than 6-fold more activity against 
this peptide than any of the mutant complexes. 

[0027] FIG. 7 is a graph depicting inhibitory potency of 
S-adenosyl-L-homocysteine (SAH) against EZH2 WT and 
Y641 mutants of EZH2. The X axis shoWs log concentration 
of SAH; theY axis shoWs percent inhibition. 

[0028] FIG. 8 is a graph depicting inhibitory potency of 
Compound 75 against EZH2 WT andY641 mutants of EZH2. 
The X axis shoWs log concentration of Compound 75; theY 
axis shoWs percent inhibition. 

Feb. 14, 2013 

[0029] FIG. 9 depicts a Western Blot analysis of relative 
levels of H3-K27me1, me2 and me3 in a cell line pane, 
including multiple DLBCL lines expressing WT or Y641 
mutatnt EZH2. Histones Were extracted from the cell lines 
shoWn, fractionated by SDS-PAGE on a 4-20% gel, trans 
ferred to nitrocellulose membranes, and probed With antibod 
ies to Histone H3, H3-K27me1, me2, or me3. 

[0030] FIG. 10 depicts an immunocytochemistry analysis 
of H3 and H3-K27me3 levels in a panel of WT and Y641 
mutant lymphoma cell lines. Cell pellets from the indicated 
cell lines Were ?xed and embedded in paraf?n. Slides Were 
prepared and levels of H3 and H3 -K27me3 Were evaluated by 
immunocytochemistry using antibodies to histone H3, or 
H3-K27me3. 

[0031] FIG. 11 depicts an immunocytochemistry analysis 
of H3 and H3-K27me2 levels in a panel of WT and Y641 
mutant lymphoma cell lines. Cell pellets from the indicated 
cell lines Were ?xed and embedded in paraf?n. Slides Were 
prepared and levels of H3 and H3 -K27me2 Were evaluated by 
immunocytochemistry using antibodies to histone H3, or 
H3-K27me2. 

[0032] FIG. 12 is a graph depicting the inhibition of global 
H3 -K27me3 levels by EZH2 inhibitor treatment in Y641 
mutant WSU-DLCL2 cells. WSU-DLCL2 cells Were treated 
for 4 days With the indicated concentrations of EZH2 inhibi 
tor A or B. Following compound treatment, histones Were 
extracted, fractionated by SDS-PAGE on a 4-20% gel, trans 
ferred to nitrocellulose membranes, and probed With antibod 
ies to Histone H3, or H3-K27me3. 

[0033] FIG. 13 is a graph shoWing that the EZH2 inhibitors 
can block proliferation of aY641 mutant WSU-DLCL2 cells, 
but has little effect on non Y641 mutant OCI-LY19 cells. 
Cells Were incubated in the presence of increasing concen 
trations of EZH2 inhibitor A or B for eleven days. Vehicle 
treated (DMSO) cells Were included as controls. Cell number 
and viability Was determined using the Guava Viacount assay 
in a Guava EasyCyte Plus instrument. Cells Were split and 
media and compound Was replenished every 3-4 days. 

[0034] FIG. 14 is a graph shoWing the presence of an EZH2 
(Y 641) mutation and/or high H3-K27me3 and loW 
H3-K27me2 levels predict sensitivity to EZH2 inhibitors. 
Cell lines Were maintained in the presence of increasing con 
centrations of one EZH2 inhibitor up to 25 [1M. Viable cells 
counts Were used to derive IC9O values after 11 days of treat 
ment. Results are plotted With cell lines segregated according 
to EZH2 mutational status (A), or segregated according to 
H3-K27me2 and H3-K27me3 levels (B). In both plots, the 
line shoWs the average IC90 values from the indicated cell 
line group. 

[0035] FIG. 15 is a panel of graphs shoWing velocity vs. 
enzyme concentration measured for Wild-type, A677G or 
A687V EZH2. Biotinylated peptides representing histone H3 
residues 21-44 containing un-, mono-, di- or trimethyl lysine 
27 (H3K27me0 through H3K27me3) Were assayed at a ?xed 
concentration With a dilution series of the indicated EZH2 
enzyme. Timepoints Were sampled over the course of 90 
minutes and 3H-SAM incorporation at lysine 27 of the H3 
peptide Was measured by capturing the peptide in a Flashplate 
and reading the counts per minute (CPM). Linear regression 
of the timecourse yielded enzyme velocity in CPM per minute 
(CPM/min) Which Was plotted as a function of enzyme con 
centration. 
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DETAILED DESCRIPTION 

[0036] Chromatin structure is important in gene regulation 
and epigenetic inheritance. Post-translational modi?cations 
of histones, such as methylation are involved in the establish 
ment and maintenance of higher-order chromatin structure. 

EZH2 Mutants 

[0037] EZH2 is a histone methyltransferase that is the cata 
lytic subunit of the PRC2 complex Which catalyZes the mono 
through tri-methylation of lysine 27 on histone H3 (H3 -K27). 

[0038] Point mutations of the EZH2 gene at a single amino 
acid residue (e.g., Tyr641, herein referred to as Y641) of 
EZH2 have been reported to be linked to subsets of human 
B-cell lymphoma. Morin et al. (2010) Na! Genel42(2): 181 -5. 
In particular, Morin et al. reported that somatic mutations of 
tyrosine 641 (Y641F, Y641H, Y641N, and Y641 S) of EZH2 
Were associated With follicular lymphoma (FL) and the ger 
minal center B cell-like (GCB) subtype of diffuse large B-cell 
lymphoma (DLBCL). The mutant allele is alWays found asso 
ciated With a Wild-type allele (heterozygous) in disease cells, 
and the mutations Were reported to ablate the enzymatic activ 
ity of the PRC2 complex for methylating an unmodi?ed pep 
tide substrate. 

[0039] The present invention is based in part upon the sur 
prising discovery that cells expressing an EZH2 mutant are 
more sensitive to EZH2 inhibitors of the instant invention 
than cells expressing Wild type EZH2. Accordingly, an aspect 
of the present invention relates to methods for treating or 
alleviating a symptom of cancer or precancerous condition in 
a subject by administering to a subject expressing a mutant 
EZH2 a therapeutically effective amount of an EZH2 inhibi 
tor. The mutant EZH2 of the present invention refers to a 
mutant EZH2 polypeptide or a nucleic acid sequence encod 
ing a mutant EZH2 polypeptide. Preferably the mutant EZH2 
comprises one or more mutations in its substrate pocket 
domain as de?ned in SEQ ID NO: 6. For example, the muta 
tion may be a substitution, a point mutation, a nonsense 
mutation, a miss sense mutation, a deletion, or an insertion. 
Exemplary substitution amino acid mutation includes a sub 
stitution at amino acid position 677, 687, 674, 685, or 641 of 
SEQ ID NO: 1, such as, but is not limited to a substitution of 
glycine (G) for the Wild type residue alanine (A) at amino acid 
position 677 of SEQ ID NO: 1 (A677G); a substitution of 
valine (V) for the Wild type residue alanine (A) at amino acid 
position 687 of SEQ ID NO: 1 (A687V); a substitution of 
methionine (M) for the Wild type residue valine (V) at amino 
acid position 674 of SEQ ID NO: 1 (V674M); a substitution 
of histidine (H) for the Wild type residue arginine (R) at amino 
acid position 685 ofSEQ ID NO: 1 (R685H); a substitution of 
cysteine (C) for the Wild type residue arginine (R) at amino 
acid position 685 ofSEQ ID NO: 1 (R685C); a substitution of 
phenylalanine (F) for the Wild type residue tyrosine (Y) at 
amino acid position 641 of SEQ ID NO: 1 (Y641F); a sub 
stitution of histidine (H) for the Wild type residue tyrosine (Y) 
at amino acid position 641 of SEQ ID NO: 1 (Y641H); a 
substitution of asparagine (N) for the Wild type residue 
tyrosine (Y) at amino acid position 641 of SEQ ID NO: 1 
(Y641N); a substitution of serine (S) for the Wild type residue 
tyrosine (Y) at amino acid position 641 of SEQ ID NO: 1 
(Y641S); or a substitution of cysteine (C) for the Wild type 
residue tyrosine (Y) at amino acid position 641 of SEQ ID 
NO: 1 (Y 641C). 
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[0040] The mutation of the present invention may also 
include a substitution of serine (S) for the Wild type residue 
asparagine (N) at amino acid position 322 of SEQ ID NO: 3 
(N 322S), a substitution of glutamine (Q) for the Wild type 
residue arginine (R) at amino acid position 288 of SEQ ID 
NO: 3 (R288Q), a substitution of isoleucine (I) for the Wild 
type residue threonine (T) at amino acid position 573 of SEQ 
ID NO: 3 (T573I), a substitution of glutamic acid (E) for the 
Wild type residue aspartic acid (D) at amino acid position 664 
of SEQ ID NO: 3 (D664E), a substitution of glutamine (Q) for 
the Wild type residue arginine (R) at amino acid position 458 
of SEQ ID NO: 5 (R458Q), a substitution of lysine (K) for the 
Wildtype residue glutamic acid (E) at amino acid position 249 
of SEQ ID NO: 3 (E249K), a substitution of cysteine (C) for 
the Wild type residue arginine (R) at amino acid position 684 
of SEQ ID NO: 3 (R684C), a substitution of histidine (H) for 
the Wild type residue arginine (R) at amino acid position 628 
of SEQ ID NO: 21 (R628H), a substitution of histidine (H) for 
the Wild type residue glutamine (Q) at amino acid position 
501 of SEQ ID NO: 5 (Q501H), a substitution of asparagine 
(N) for the Wild type residue aspartic acid (D) at amino acid 
position 192 of SEQ ID NO: 3 (D192N), a substitution of 
valine (V) for the Wild type residue aspartic acid (D) at amino 
acidposition 664 of SEQ ID NO: 3 (D664V), a substitution of 
leucine (L) for the Wild type residue valine (V) at amino acid 
position 704 of SEQ ID NO: 3 (V704L), a substitution of 
serine (S) for the Wild type residue proline (P) at amino acid 
position 132 of SEQ ID NO: 3 (P132S), a substitution of 
lysine (K) for the Wild type residue glutamic acid (E) at amino 
acid position 669 of SEQ ID NO: 21 (E669K), a substitution 
of threonine (T) for the Wild type residue alanine (A) at amino 
acid position 255 of SEQ ID NO: 3 (A255T), a substitution of 
valine (V) for the Wild type residue glutamic acid (E) at amino 
acid position 726 of SEQ ID NO: 3 (E726V), a substitution of 
tyrosine (Y) for the Wild type residue cysteine (C) at amino 
acid position 571 of SEQ ID NO: 3 (C571Y), a substitution of 
cysteine (C) for the Wild type residue phenylalanine (F) at 
amino acid position 145 of SEQ ID NO: 3 (F145C), a substi 
tution of threonine (T) for the Wild type residue asparagine 
(N) at amino acid position 693 of SEQ ID NO: 3 (N693T), a 
substitution of serine (S) for the Wild type residue phenylala 
nine (F) at amino acid position 145 ofSEQ ID NO: 3 (F145S), 
a substitution of histidine (H) for the Wild type residue 
glutamine (Q) at amino acid position 109 of SEQ ID NO: 21 
(Q109H), a substitution of cysteine (C) for the Wild type 
residue phenylalanine (F) at amino acid position 622 of SEQ 
ID NO: 21 (F622C), a substitution of arginine (R) for the Wild 
type residue glycine (G) at amino acidposition 135 of SEQ ID 
NO: 3 (G135R), a substitution of glutamine (Q) for the Wild 
type residue arginine (R) at amino acid position 168 of SEQ 
ID NO: 5 (R168Q), a substitution of arginine (R) for the Wild 
type residue glycine (G) at amino acidposition 159 of SEQ ID 
NO: 3 (G159R), a substitution of cysteine (C) for the Wild 
type residue arginine (R) at amino acid position 310 of SEQ 
ID NO: 5 (R310C), a substitution of histidine (H) for the Wild 
type residue arginine (R) at amino acid position 561 of SEQ 
ID NO: 3 (R561H), a substitution of histidine (H) for the Wild 
type residue arginine (R) at amino acid position 634 of SEQ 
ID NO: 21 (R634H), a substitution of arginine (R) for the Wild 
type residue glycine (G) at amino acidposition 660 of SEQ ID 
NO: 3 (G660R), a substitution of cysteine (C) for the Wild 
type residue tyrosine (Y) at amino acid position 181 of SEQ 
ID NO: 3 (Y181C), a substitution of arginine (R) for the Wild 
type residue histidine (H) at amino acid position 297 of SEQ 
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