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IMMUNOLOGICAL COMPOSITION FOR CLOSTRIDIUMDIFFICILE

This application claims benefit of the filing date of U.S. Provisional
Application Ser. No. 61/564,999, filed November 30, 201 1, the contents of
which are specifically incorporated herein by reference in their entirety.
This invention was made with government support under National
5 Cancer Institute Grant No. UOI ES/ICA 12800 awarded by the National Institutes
of Health; and by the Department of Defense Grant Nos. W81XWH-07- 1-0502
and W81XWH-1 1-1-0108 awarded by the Department of Defense. The

government has certain rights in the invention.

10 Background of the Invention
Clostridium difficile{C. difficile), is a gram-positive, spore-forming,
noninvasive enteric pathogen that is aleading cause of nosocomial infections in
the developed world. No vaccine is currently available to prevent its infection.
Life threatening manifestations of C. difficile-associated diarrhea (CD AD)
15  include pseudomembranous colitis, toxic megacolon and systemic inflammatory
response syndrome, often resulting in cardiotoxicity and heart failure. Mortality
due to CDAD ranges from 6% to 30% in affected patients. More than 300,000
cases of CDAD are reported every year in the United States, and the incidence of
CDAD ispredicted torise by at least 40% within the next several years. The
20  annua cost for CDAD treatment inthe U.S. isover $1.1 billion. Moreover, C.
difficile is now recognized by the Center for Disease Control (CDC) as a Group
Il pathogen on the list of emerging and re-emerging infectious diseases by the
National Institute of Allergy and Infectious Diseases (NIAiD). Vaccine effortsto
combat C. difficile infection have been limited. Those few vaccines that have
25  gone onto clinical trials have exhibited an inability to evoke rapid immune
responses to important C. difficile antigens.
Therefore new compositions and methods for treating and inhibiting C.

difficile infection are needed.
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Summary of the Invention

This invention relates to methods and compositions for treating and
inhibiting C. difficile infection. in some embodiments, the methods and
compositions can generate rapid immune responses that inhibit future infection,
and/or neutralize the toxicity caused by C. difficile infection. Such compositions
and methods could be utilized both to therapeutically inhibit the establishment
and progression of disease in patients recently diagnosed with C. difficile, as
well as aprophylactic inhibitor for use in at-risk patients. Accordingly, the
constructs described herein that expressing the C-terminal, highly immunogenic
region of the C difficile toxin A are effective vaccines against C difficile.

One aspect of the invention is apeptide antigen with an amino acid
sequence comprising a least 15 contiguous amino acids of SEQ ID NO:2, and/or
with an amino acid sequence comprising 95% sequence identity to SEQ ID
NO:2. For example, the peptide antigen can have an amino acid sequence
comprising 95% sequence identity to any of SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14 SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18. In some embodiments, the peptide
has 96%, or 97%, or 98% or 99% sequence identity to any of SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9,
SEQ ID NO:10, SEQ ID NO: 11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO:14 SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18. The
peptide antigen can also include a combination of any of these peptide
sequences.

Another aspect of the invention is an immunological composition that
includes an effective amount of:

(@ aClostridium difficile toxin A peptide with any of the sequences

described herein (including a sequence selected from the group
consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, a
sequence comprising 95% sequence identity to SEQ ID NO:2, or a
combination thereof);

(b) an expression vector adapted to express the Clostridium difficile toxin

A peptide; or
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(c) acombination thereof.

Another aspect of the invention is amethod of treating or inhibiting
infection of Clostridium difficile in amammal comprising administering a
composition that includes an effective amount of:

(@ aClostridium difficile toxin A peptide with a sequence selected from

the group consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
a sequence comprising 95% sequence identity to SEQ ID NO:2, or a
combination thereof;

(b) an expression vector adapted to express the Clostridium difficile toxin

A peptide; or

(c) acombination thereof.

Another aspect of the invention is an expression cassette that includes a
nucleic acid encoding one of more of the peptides described herein operably
linked to transcriptional regulatory element. For example, the transcriptional
regulatory element can be selected from the group consisting of apromoter, an
enhancer, aterminator of transcription, or a combination thereof. The expression
cassette can bewithin avector, such as an expression vector. The vector can be
aviral vector, for example, avector that includes arecombinant adenovirus,
retrovirus, lentivirus, herpesvirus, poxvirus, papilloma virus, or adeno-associated
virus. In some cases, the vector is replication incompetent viral vector such as an

adenoviral vector. The vector can be incorporated into acomposition.

Description of the Figures

FIGs. 1A-1C show that the Adenovirus based construct that expresses a
portion of the Clostridium difficile toxin A polypeptide (having SEQ ID NO:2) is
able to induce rapid and robust Toxin A-specific humoral responses in mice. WT
BALB/c mice were intramuscularly injected with 10 viral particles'mouse of
the Ad5-Null (n=5) or the SEQ ID NO:2 expressing Ad5-Cdifficife-Toxin A
(n=5) constructs. FIG. 1A shows the total Toxin A-specific 1gG from plasma
samples collected a 3 days post-injection. FIG. 1B shows the total Toxin A-
specific 1gG from plasma samples collected a 7 days post-injection. FIG. 1C
shows the total Toxin A-specific 1gG from plasma samples collected a 14 days
post-injection. At 3, 7 and 14 days post-injection plasma samples were collected

3
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and total Toxin A-specific 1gG was measured by ELISA as described in
Example 1. Naive mice (n=5) were utilized as baseline control and these values
were subtracted Ad-injected values. The error bars represent £ SD. Statistical
analysis was completed using two-tailed Student t-test to compare 2 groups of

5 virdly-injected animals (* - indicates p < 0.05). One of two representative
experiments is shown for the 14 day plasma samples.

FIGs. 2A-2B shows that the Adenovirus based construct that expresses a
portion of the Clostridium difficiletoxin A polypeptide (having SEQ ID NO:2) is
able to induce robust Toxin A-specific T cell responses, and further illustrates

10 that several clusters of immunogenic T cell epitopes exist in the non-enzymatic
Toxin A domain. FIG. 2A shows which Toxin A peptides are immunogenic T
cell epitopes as detected by the number of spot forming cells (SPFs) in an
interferon-y ELISPOT assay. Wild-type BALB/c mice were intramuscularly
injected (10% viral particles'mouse) with the Ad5-C. difficile-Toxin A (n=3)

15 construct. Mice were sacrificed a 14 days post-injection. Splenocytes were
prepared, pooled and stimulated with 2 pug/well of single peptides from a 15-
mer-peptide library that spans the . difficile Toxin A region and is encoded by
the Ad5-Toxin A construct. The IFNy ELISPOT assay was performed as
described in Example 1. Naive (n=3) pooled mice were stimulated with same

20 individual peptides as baseline control. Six clusters of immunogenic T cell
epitopes was identified (grey) in the non-enzymatic Toxin A domain. Two major
immunodominant epitopes were detected as being within peptides #13 (SEQ ID
NO:3) and #63 (SEQ ID NO:4). One of two representative experiments is
shown. FIG. 2B shows representative pictures of wells from ELISpot assay.

25 FIG. 3A-3B show that the Adenovirus based construct that expresses a
portion of the Clostridium difficiletoxin A polypeptide (having SEQ ID NO:2) is
able to induce robust Toxin A-specific T cell responses. Wild-type BALB/c mice
were intramuscularly injected (10 viral particlesmouse) with Ad5-C. difficile-
Toxin A (n=5). Mice were sacrificed a 14 dpi, splenocytes were prepared, and

30 the splenocytes were individually stimulated with pool of 12 peptides from the

stimulated with same individual peptides as baseline control. FIG. 3A shows the

results of an IFNy ELISPOT assay performed as described in Example 1. FIG.
4
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3B shows the results of an IL-2 ELISPOT assay performed as described in
Example 1. One of two representative experiments is shown. Bars represent
mean = SD. Statistical analysis was completed using Two-Way ANOVA with a
Bonferroni post-hoc test (stimulations X treatments), p<0.05 was deemed a
5 datistically significant difference. The symbols *, ** indicate values that are
statistically different from those in naive mice (for the same stimulation),
p<0.05, p<0.001 respectively.
FIG. 4 shows that the Adenovirus based construct that expresses a
portion of the Clostridium difficile toxin A polypeptide (having SEQ ID NO:2)
10 induces robust Toxin A-specific T cell responses in comparison to the Ad5-Null
vector. Wild-type BALB/c mice were intramuscularly injected (10%° viral
particlesmouse) with Ad5-C.difficile-Toxin A (n=5) or Ad5-Null (n=5). Mice
were sacrificed a 14 days post-injection, splenocytes were prepared, and the
splenocytes were individually stimulated with 0.2 pg/well of the single most
15 immunogenic peptides from the Toxin A library (or with inactivated Ad5
vector). IFNy ELISPOT was performed as described in Example 1. Naive (n=3)
mice were stimulated with same peptides as baseline control. Bars represent
mean = SD. Statistical analysis was completed using Two-Way ANOVA with a
Bonferroni post-hoc test (stimulations X treatments), p<0.05 was deemed a
20  satistically significant difference. The symbols *, ** indicate values, that are
statistically different from those in naive mice (for the same stimulation),
p<0.05, p<0.001 respectively; #, ## - indicate significant inductions over Ad5-
Null group within the same stimulation, p<0.05, p<0.001 respectively.
FIG. 5A-C show that Adenovirus based construct that expresses aportion
25  of the Clostridium difficile toxin A polypeptide (having SEQ ID NO:2) induces
pleiotropic Toxin A-specific T cell responses in contrast to Ad5-Null vector.
Wild-type BALB/c mice were intramuscularly injected (10 vira
particlessmouse) with Ad5-C.i%/¥%a7e-Toxin A (n=5) or Ad5-Null (n=5). Mice
were sacrificed a 14 days post-injection, splenocytes were prepared and the
30 splenocytes were individually stimulated with 0.2 pg/weii of the single most
immunogenic peptides from the Toxin A library (or with inactivated Ad5
vector). Peptide numbers correspond to the peptide sequences shown in Table 1.

Naive (n=3) mice were stimulated with same peptides as baseline control. Bars
5



WO 2013/082298 PCT/US2012/067091

represent mean + SD. FIG. 5A shows the results of an IL-4 ELISPOT assay
performed as described in Example 1. FIG. 5B shows the results of an IL-2
ELISPOT assay performed as described in Example 1. Statistical analysis was
completed using Two-Way ANOVA with a Bonferroni post-hoc test
5 (stimulations X treatments), p<0.05 was deemed a statistically significant
difference. Symbols *, ** indicate values that are statistically different from
those in naive mice (for the same stimulation), p<0.05, p<0.001 respectively; #,
## - indicate significant inductions over Ad5-Null group within the same
stimulation, p<0.05, p<0.001 respectively. FIG. 5C graphicaly illustrates that
10  the Ad5-Clostridium difficile-YA vaccine described herein induces robust TA-
specific CD8 T cell specific responses in contrast to Ad5-Null, which does not.
Wild type BALB/c mice were intramuscularly injected (10 viral
particlessrmouse) with the Adenovirus based construct that expresses a portion of
the Clostridium difficile toxin A polypeptide (having SEQ ID NO:2) (n = 3) or
15  with the Ad5-Null vector (n = 3). Mice were sacrificed at 14 days post-infection,
splenocytes were prepared, and the splenocytes were individualy stimulated
with 2 pg/well of peptide #63 (SEQ ID NO:4) aone or with a mixture of
peptides (#9 (SEQ ID NO: 10), #13 (SEQ ID NO:3), #51 (SEQ ID NO: 11), #55
(SEQ ID NO: 12), #63 (SEQ ID NO:4), al 0.4 ug/well). The splenocytes were
20  stained and FACS sorted (not shown but described in Example 1). The bars
represent mean + SEM. Statistical analysis was completed using a two tailed

homoscedatic Student's t-test.
FIG. 6A-6B shows that Ad5-Clostridium difficile-Toxin A vaccination
completely protects mice from lethal Toxin A challenge. FIG. 6A shows the
25  percent survival of wild-type BALB/c mice that were intramuscularly injected
(10%° viral particlessmouse) with Ad5-Null (=, n=5) or with the Adenovirus
based construct that expresses a portion of the Clostridium difficile toxin A
polypeptide (having SEQ ID NO:2; i.e., AA5-C.difflcile-TA) (A, n=5). At 14
days post-injection mice were intraperitoneally challenged with 300 ng (6xLDso)
30  of purified toxin A, purchased from Calbiochem. Kaplan-Meyer. Survival curves
are shown. Curves were compared by log-rank analysis and were found to be
significantly (p<0.05) different. FIG. 6B shows the percent survival of wild-type
BALB/c mice that were left uninjected (naive, n=l 1) or were intramuscularly

6
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injected (10'° viral particles’mouse) with Ad5-Null (n=8) or Ads-C.difficile-1 A
(n=7). At 14 days post-injection mice were intraperitoneally challenged with 300
ng (6xLDsy) of purified toxin A, purchased from List Biological Laboratories
Inc. Kaplan-Meyer. Survival curves are shown. Curves were pair-wise compared
5 by log-rank analysis and the following results were obtained: naive versus Ad5-
TA curve were significantly (p=0.0043) different, Ad5-Null versus Ad5-TA
curves were significantly (p=0.036) different, however naive versus Ad5-Null
curves were not significantly different (p=0.486).
FIG. 7A-7B shows that Ad5-Toxin A vaccinated mice (white bars) had
10  overal reduced portal, periportal and lobular hepatic inflammation as compared
to unvaccinated mice, when challenged with toxin A. Wild-type BALB/c mice
were intramuscularly injected (10%° viral particles'mouse) with Ad5-Null or
Ad5-C.difficile-TA. At 14 days post-injection mice were challenged with 300 ng
(6XLD5y) of purified toxin A (intraperitoneally injected). At 14 days post-
15 injection survivors from both groups were sacrificed, liver sections were stained
with H&E and morphometric evaluation of these sections was performed as
described in Example 1. FIG. 7A shows the levels of portal, periportal and
lobular inflammation in representative sections from unvaccinated censored
animals (black bars), unvaccinated animals that survived (shaded bars), and
20 Ad5-Toxin A treated animals (white bars). The levels of portal, periportal and
lobular inflammation were analyzed, scored and averaged as described in
Example 1. The sum of averages for each category was computed to obtain a
total inflammation index score. The error bars represent + SD. Unvaccinated
censored mice (n=2) were used as positive control (high inflammation).
25  Statistical analysis was completed using two-tailed Student t-test to compare 2
groups of virus-injected animals: Ad5-Null injected (n=4) and Ad5-TA injected
(n=4). There was atrend of reduced inflammation in vaccinated mice, however,
no significant differences was detected. FIG. 7B shows representative liver
sections for unvaccinated censored animals, unvaccinated animals that survived,
30 Ad5-Toxin A treated animals and naive animals.
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Detailed Description of the Invention
The invention relates to immunological compositions and methods for

treating and inhibiting Clostridium difficile infection.

Clostridium difficile

Clostridium difficile (C. difficile), is a gram-positive, spore-forming,
noninvasive enteric pathogen that is aleading cause of nosocomial infections in
the developed world. As explained above, life threatening manifestations of C.
difficile-associated diarrhea (CDAD) include pseudomembranous caolitis, toxic
megacolon and systemic inflammatory response syndrome, often resulting in
cardiotoxicity and heart failure. Mortality due to C. diffi-cile-a& soci&ted diarrhea
ranges from 6% to 30% in affected patients, and more than 300,000 cases of C.
difficile-associated diarrhea are reported every year in the United States. In
addition, the incidence of C. difficile-associated diarrhea is predicted to rise by at
least 40% within the next several years.

Mildly symptomatic or asymptomatic patients harboring C. difficile
account for the majority of infectious spreading, resulting in new outbreaks. C.
difficile spores can be found on environmental surfaces, equipment and clothing
years after being deposited. Several host factors including advanced age, pre-
existing severe illness, and broad-spectrum antibiotic usage predispose
individuals to acute symptomatic C. difficile infection (Giannasca et a, Vaccine
22(7): 848-56 (2004)). Recently, anew, highly virulent strain of C. difficile
(BI/NAPI/r027) has been associated with outbreaks of severe nosocomial C.
difficile-associated diarrhea (Ghose et a., Infect Imm. 75(6):2826-32 (2007)).

The main virulence factors of the C. difficile bacterium are the toxins A
(TA) and B (TB). Both TA and TB are enteropathic and potent cytotoxic
enzymes. TA and TB are aso glucosyltransferases, which catalyze the
inactivation of Rho proteins that are involved in cellular signaling. Together, this
leads to cytotoxicity, including actin cytoskeleton depolymerization and cell
death by apoptosis.

In addition, cC. difficile infections induce massive cellular immune
responses, including neutrophil and monocyte infiltrations, as well as cytokine
and chemokine elevations, including IL-6, IL-8, IL-1B, IFNy (Adam et a, The

8
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Lancet infectious diseases 5(9):549-57 (2005); Hookman & Barkin, World J
Gastroenterol  15(13): 1554-80 (2009); Savidge et a, Gastroenterology
125(2):413-20 (2003).. Moreover, following damage of the intestinal mucosa,
systemic release of TA and TB from the lumen of the gut are typically observed

5 in severe life threatening cases of C. dijficiie-asscciéed diarrhea, and is
correlated with acute respiratory distress syndrome, liver damage, multiple organ
failure and cardiopulmonary arrest (Hamm et al, Proc Natl Acad Sci U S A
103(38): 14176-81 (2006); Johnson et a, Annads Intern Med 135(6):434-8
(2001); Jacob et a, Heart Lung 33(4):265-8 (2004)).

10 Clearly, the problem of cC. difficile is a significant one, as C. difficile is
now recognized by the CDC as a Group Il pathogen on the NIAID list of
Emerging and re-emerging infectious diseases (see website at
niaid.nih.gov/topics/emerging/pages/list.aspx). A potent vaccine that can
generate rapid immune responses against C. difficile infections is desirable. Such

15 avaccine could be utilized both as a therapeutic vaccine in patients recently
diagnosed with c. difficile, as well as a prophylactic vaccine for use in at-risk
patients. Vaccine efforts to combat C. difficile infection have been limited. A
number of groups are working on vaccines against C. difficile infection including
Ghose et a., Infect immun. 75(6):2826-32 (2007); Penchine e al. Vaccine

20  25(20):3946-54 (2007); Sougioultzis e a. Gastroenterology 128(3):764-70
(2005); Gardiner et a, Vaccine 27(27):3598-604 (2009). However, prior to the
invention, a highly efficacious vaccine has not yet been developed and such
efforts do not evoke rapid immune responses to important C. difficile antigens.

Toxin A (TA) and toxin B (TB) belong to the large clostridial cytotoxin

25  family and contain several distinct domains: (1) N-terminal enzymatic domain,
(2) Central hydrophobic region, and (3) the C-termina domain, which
recognizes host cell surface carbohydrate receptors. A variety of sequences for
C. difficile toxin A and toxin B are available in the database maintained by the
National Center for Biotechnology Information (NCBI), which is available at the

30  website www.nchi.nlm.nih.gov.

One example of a C. difficile toxin A amino acid sequence is provided
below as SEQ ID NO:l, and is available in the NCBI database as accession
number P16154.2 (Gl: 135 1266).
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YPEI | VLNPN
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TFHKKVNI NL
QKI R KA LS
NSENEL DRDH
FYFDPI EFNL
KHFYFNNDGV
VYQSKFLTLN
Al AAVGLQVI

DTAI AFNGYK
PANTYNNNI E
QTI DSKKYYF
GWOTI DCKKY
| GVFKGPNGF
KYYFGSDSKA
DKYYFSYDG

PNGFEYFAPA
DSKAVTGAQT
LNTAEAATGW
FNTDG MQ G
KFLTLNGKKY
TGWOTI NGKK
Q GVFKGPDG
NI YYFGNNSK
NKNFYFRNGL
RYQNRFLHLL
AVAAAGGLFE

DSSSFEYKWS
NT QSFNKNEI

LGFKI | DNKT
VTGWOTI NGK
MQLGVFKGPD
GKKYYFDNNS
DNNKYYFNPD
TI DGKHFYFD
GQAl VYQSKF
NTNTAEAATG
YFNTNTAI AS
EYFAPANTDA
VTGAR | NNK
LQNGY! TI ER
NTHNNNI EGQ
| DAKKYYFNL
QTI DGKKYYF
VFKGPNGFEY
YFGSDSKAVT
YYFNTNTSI A
FEYFAPANTD
AATGW/TI DG
PQ GVFKGSN
GKI YYFGANS
| DGVI YFFGV

TEGSDFI LVR
DFKDI KKLSL
YYYDEDSKLV
KYYFDI NTGA
GFEYFAPANT
KAVTGARI IN
TAI | SKGAQT
SDOVKI GVF

L TLNGKKYYF
WQTI DGKKYY
TGYTI | NGKH
NNI EGQAI LY
KYYFNPNNA

NNFYFDANNE
Al VYQNKFLT
NTAEAATGAQ
NTNTFI ASTG
FAPANTDANN
GLRTI DGKKY
STGYTI | S&K
ANNI EGQAI R
NRYYFEPNTA
GFEYFAPANT
KAVTGAQTI N
DGVKAPG YG

PCT/US2012/067091

YLEESNKKI L
GY! MBNFKSF
KGLI NI NNSL
ALTSYKI | NG
QNNNI EGQAI

NEKYYFNPNN
VNGSRYYFDT
STSNGFEYFA
DNNSKAVTGL
FNTNTAEAAT
FYFNTDG MQ
QNEFLTLNGK
AAI HLCTI NN
SKMWTGVFKG
LNGKKYYFDN
TI DGKKYYFN
YTSI NGKHFY
| EGQAI LYQN
YFNTNTAVAV
HFYFNTDG M
YQNRFLYLHD
MGANGYKTI D
DANNI EGQAI

GKVYYFMPDT

As described herein, the bold region of the SEQ ID NO: 1 c. difficile

toxin A protein (amino acids 1870-2680) is highly immunogenic. The sequence
of this region is provided as SEQ ID NO:2.
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KHFYFNNDGV
VYQSKFLTLN
Al AAVGLQVI

DTAl AFNGYK
PANTYNNNI E
QTI DSKKYYF
GNQTI DGKKY
| GVFKGPNGF
KYYFGSDSKA
DKYYFSYDG

PNGFEYFAPA
DSKAVTGAQT

MQLGVFKGPD
GKKYYFDNNS
DNNKYYFNPD
Tl DGKHFYFD
GQAl VYQSKF
NTNTAEAATG
YFNTNTAI AS
EYFAPANTDA
VTGAR | NNK
LQNGY! TI ER
NTHNNNI EGQ
| DAKKYYFNL

11

GFEYFAPANT
KAVTGARI | N
TAI | SKGWQT
SDCWKI GVF

LTLNGKKYYF
WOTI DGKKYY
TGYTI | NGKH
NNI EGQAI LY
KYYFNPNNA

NNFYFDANNE
Al VYQNKFLT
NTAEAATGAQ

ALTSYKI | NG

QNNNI EGQAI
NEKYYFNPNN

VNGSRYYFDT

STSNGFEYFA
DNNSKAVTGL
FNTNTAEAAT
FYFNTDG MQ
QNEFLTLNGK
AAI HLCTI NN
SKMWTGVFKG
LNGKKYYFDN
TI DGKKYYFN
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LNTAEAATGW QT1 DGKKYYF NTNTFI ASTG YTSI NGKHFY
FNTDA MY G VFKGPNGFEY FAPANTDANN | EGQAI LYON
KFLTLNGKKY YFGSDSKAVT GLRTI DGKKY YFNTNTAVAV
TGAQTT NGKK YYENTNTSI A _STGYTI | S&K_ HFYENTDG M
Q GVFKGPDG FEYFAPANTD ANNI EGQAI R YONRFLYLHD
NI YYFGNNSK AATGW/TI DG NRYYFEPNTA MGANGYKTI D
NKNFYFRNGL PQ GVFKGSN GFEYFAPANT DANNI EGQAI

RYQNRFLHLL GKI YYFGNNS KAVTGAQTT N GKVYYFMPDT

10 The positions of two examples of toxin A peptides that exhibit good
immunogenicity are identified in bold with underlining in the SEQ ID NO:2
sequence shown above. These two highly immunogenic peptides have the
following sequences: VNGSRYYFDTDTAIA (SEQ ID NO:3)
YYFENTNTSIASTGYT (SEQ ID NO:4).

A nucleotide sequence for the SEQ ID NO: 1 polypeptide is available in

and

15

the NCBI database as accession number X51797. 1 (GI:40439), which has SEQ
ID NO:5 shown below.
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1

41

81
121
161
201
241
281
321
361
401
441
481
521
561
601
641
681
721
761
801
841
881

AAAGTGTTCT
TGGACTATGA
TCTAATGGTA
CCGTTATGAA
ATTTATAAAG
TTATTAGGAT
ATTCTAGITT
AATGATAGCA
CTTACAAAGT
GTATCAATTT
ATTTTTCTCT
ATATTAAAAA
AGAGATTAAA
GACAGATGAA
GTAGATATAA
CAAATAAGAA
AATAATGAAA
GTATTAAATA
ATATAGATGA
AGATGGTGCA
TTAGITACAG
AATATGTGTA
AAATACGTGA

ATCTAATATG
TGAATGCACA
ACAAAATATT
TATGACAATA
TTAGTAATTT
GITTAAGIGC
TGGAATAGAT
TGTATATTTT

AAGATTTACC
GTAGITCACC
TTTTTATATA
TCTTTTTTAT
TAACTATATC
AATAAAAAGT
GGAGGAATCA
TTTTATCAGT

TTAACTTTTT
TTTAAGACTA

ATTTATGITA
AAACATCTTG

ATTTTATTTA
ATATGIGCTT
GGAAAAAATA
ATGAATGCTA
TAAAGATATT
TAGCTGAAAG
ACGAGGGAGC
CATATAATTT
CAAGGTAGTA
TGGTCAGITG
ATATCACAAA
AATTGIGATG
TGAAGGACAA

12

TTTTATATGA
ATGIGGATTA
GCAATTTTAC
AGGATGAAAA
AACAAATAAA
TTATCATAAT
AGATGCCAAG
CGAAGCAAGT
TATCAAACAT
GTAAAATCTA
CTATAATAGT
GAAATTATTC
AATGATATAG

AATAAAAAGG
TTTTTATATT
AACCTAGGAG
CAGAGCATAT
ATTTGATACA
CGTAAATTTA
GAAAAGTAGC
AGTTGACATT
CCACAAGATT
GAATATCTGA
AAGTGTAAGT
CCAGTACCTA
TAGATGCAAT
GTAAGTAATG
AAGIGITATC
TCATGAAACT
AGACACACAA
GITCATTACT
TGGTTCACAA
TTAAGCTACA
TAAACATAGA
AAAAACACAA
AAAATAAGTA
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921

961
1001
1041
1081
1121
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1201
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TCAAACCTTA
ATAGGAAAAA
ATAAGATATG
TCTAATAGAA
TTGAAATGIT
TATAAAAAAT
GGAGIGTATA
AATCAATTTA
AGITGGATTTA
TATGICTTTA
TATAGCATTA
TAACTAATTT
TAATGAAAAT
TCAATTGATG
GAAATAGAGC
AGAAGTAATT
GAAAAAAATT
GIGATATTGC
TAATGCAGAA
GCATTCTTAG
CTTCTACCAC
TCAAAATCCT
AGGATGGAAT
ATTATTATAA
AATAGATGAT
AATAGAGATG
CTTTGAGAAA
GCCTAATAGT
TATAGICAGG
CATCTGACAT
CGGAGTATAT
TCTGATTTAT
GACTAGACCG
GAAGTATAAA
TTTGATAAAC
TCATTATAGA
TAAATTAGAA

ATAAATGATT
TATATAAAGA
TTTACAAATT
GAGTCAATTA
AGGAAGT GAT
CAATATTAAT
AGATTTATTT
AATTTCAGAA
TTATCAAAAA
ATATCTAAAG
GACCAAGAGA
AGACGAATAT
AAATATTTGC
TTTTTATGAA
ACTCTCTAAT
CTTATTAAAA
TACATTTTGT
TCTTGAATAC
TATAATATTA
TAAATACACT
TGAAGCATTA
CAATTTGATA
TTATATATGA
ATCTCAAATC
ATTATAAAGT
AAACTGTATT
AATAAATAGT
TTGITTACAG
AGITGITAAA
AGTAAGATTA
TTAGATGITG
TTAAAACAAT
TTGGGAAATG
AAATATATAA
TTGATCAACA
AAGTAAAAGT
AATTTAAATG

ATACGCTTTCG
TATCAAAACA
ACAAGTAAAA
AACCCAGCCA
CTAAAATTTT
AGAAAACTCT

CTTTAGGCAG
AGGTTCATAT
AATAGATATC
TAGAGICTGA
TCATGATTCA
ATGITTTTAA

13

TAATTGATAG
AATAAAAACA
ACTATCAGAC
ACTAATTGAG
TTAAATATGA
TTATTTTTAA
TCAAAGTTTA
GGAATAAATG
TAATAATACT
AAGAGT TAAT
AAATGAGTAT
AATAAGTTAA
AATTAAAAAA
TAAATATAAA
CTAAAAAAAG
ATTCCAATAC
ATGGATAGGT
ATAAAACAAT
AACTGTGGTA
AAAAAAGCCT
CAGCTACTAG
ATATGAAATT
TAGACAAAAA
AATAAACCTA
CTCATCTAGT
AGAATCATAT
AATCATGCGA
AACAAGAGTT
TCGTGGAAAT
TTAGCCCTAA
ATATGCTTCC
ATCTAGACCT
ATAAAATTAG
ATAATTATAC
ATTAAAAGAT
GAAAAATCTG
TATCTGATCT
TGTTATAAAT
CTTACTAACC
AATTTTTAAA
TAATAACTTC
TTATTTAATT
CAAAAATAGC
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TTTAAAAGTT
TTAAAAAAAT
AATCTCCTTA
TATCTTTAAA
AAACTTAAAT
AAAATAGAAA
AAAACAAGAA
TGGITATAGA
AGGAGGTITTT
AAAACTCGCA
AAAACTATAC
CTACAAACAA
ACTAAAT GAA
ACTTCAAGCA
ATATATTAAA
AAGCCCTGTA
GGAGAAGTCA
GGGCTGATAT
TGATAGTGAA
ATAGITGAAT
AGGAAGAGAT
TTACAAAAAA
AGGTTTATAA
CAGTACCTAC
ATCTGAATAT
AGAACAAATT
TAGATATCAG
ATTAAATATT
TTAGCTGCAG
AAAATTTTGG
AGGTATTCAC
AGCTCTATTG
AGGCTATTAT
ATCAGAAAAC
AATTTTAAAC
AGATATTTTC
TGAAAT TAAA
CAAGCCTTGA
TAGTAATAGA
CCAACACCTT
ACAGATACTA
CAGCTACCGC
ACCATACTTA
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2641
2681
2721
2761
2801
2841
2881
2921
2961
3001
3041
3081
3121
3161
3201
3241
3281
3321
3361
3401
3441
3481
3521
3561
3601
3641
3681
3721
3761
3801
3841
3881
3921
3961
4001
4041
4081
4121
4161
4201
4241
4281
4321

CAAGTAGGTT
TAAGTGGTCC
CATAAATTTA
GCATCAGATT
TATCTCAATT
CTTTGATCAA
GTAAGAGATT
GGGTAGACTT
TTTATTAAAT
GCTGGAAGTA
AAGGAGATCGA
TTCTAAAAAT
ATGAATGAAA
GAGAATCTAT
AAGATTAAAA
GGACATGGTA
GATTAAGTGT
TTTAGATACC
GAAGTAAACT
TTAATGITGA
TATTATGGAC
AAAAATTCTA
GAATTAATAG
AGGTAAATGG
TTATCTAGTA
ATAACCTAAA
ATCAATATCA
AGIGITAGIC
AGCTTAATAT
TGAAAAATTA
ATAGATGATT
TATCTGATGA
AGATGAGAAG
AATAATTCAA
ATGGTGAGTC
TTCAAAATAT
ATAAAGAATA
TGGATAATAT
ATTAAACGCA
AGTAGCAATA
TTAAGGTTCA
AAATACTATA
TCAAATGCAG

TTATGCCAGA
AGGACCTTAT
CAAGAAAATA
TAATAGAATT
GACAGAACAA
GCAAGTGCAA
ATACTGGIGG
TAATAAAAAT
AATAAAATTC
AAAATTATGT
TATAAGITAT
CCTAAAAATA
GITGCAAAAAG
TTTAGAATTA
AATAAGGAAA
AAGATGAATT
AGATTCACTT
ATAAAATTAG
TACTTGGATG
AGAAACTTAT
AAAATTACTT
TTACTATAGG
TGAGGGAAGA
ATAAATAAAG
AAGAATACAT
AGCAAAGTCC
GAAGATATAA
CTGATACAAA
TGAATCTTCT
GAGCCTGITA
TAATAGATGA
ATTATATGAA
TATTTAATAT
CTTACTCTGT
AGITTATGTA
AGCGAACATA
GTATAATTAC
ACAGTTAGAT
GCATTCTTTA
AAGATGTACT
ACTTTATCCT
TATGACTCTA
TAAATGATAC

14

AGCTCGCTCC
GCGTCACCTT
CTATAGAAAA
TAAATTCCCA
GAAATAAATA
AATATCAATT
ATCTCTTTCT
ACTGCCCTCG
CATCAAACAA
TCATTATATC
GAAGCAACAT
GTATTATTAT
CTACTTTTTA
AATAAATATA
AAGTAAAAGT
CAACACAACC
TCCAATGAGA
ATATATCACC
TAATATGITT
CCTGGGAAGT
CCACTTTACC
AGCAAATCAA
AAAGAACTTC
AAGAAGCTAT
TTTTTTTGAT
AAGAATATTC
AAACATTATT
ATTTATTTTA
ATTGCGGATT
AAAATATAAT
GITCAATCTA
TTAAAAAAAT
CTTTTGAAGA
AAGATTTATT
GAAACAGAAA
TTACAAAAGA
AGATGITAAT
CATACTTCTC
TTCAATCATT
GAATGATTTA
CAACTATTTA
TCCAATTAGT
TATAAATGTA

PCT/US2012/067091

ACAATAAGTT
ACTATGATTT
AACTTTAAAA
GAAAATAATC
GICTATGGAG
TGAGAAATAT
GAAGACAATG
ACAAAAACTA
TGTAGAAGAA
ATACAGITAC
GCAATTTATT
ACAACGAAAT
AGITGATGATG
GGATACCTCGA
AACCTTTATT
GAATTTCCTA
TAAGTTCATT
TAAAAATGTA
AGITATGATT
TGCTATTAAG
TGATGTAAAT
TATGAAGTAA
TGGCTCACTC
TATGAGCGAT
TCTATAGATA
CAGGATTAGC
ACTTGATGCA
AATAATCTTA
ACATTTATTA
TCACAATTCT
CTTGAAAATG
TAAATAATCT
TATCTCAAAA
AACAAAAGTA
AAGAAATTTT
AATAAGTACT
GGTAATTTAT
AAGTTAATAC
AATAGATTAT
AGTACCTCAG
GTACAGGTTT
AAATTTAATA
CTACCTACAA
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TAACAGAGGG
AATAAACTTA
CATGACCCAT
GTGTTTTAGC
TGTAGCTTCA
TTCTTATTAC
CATTAGTTAA
TTCAGTGGTA
AAATATGGCC
TTCCTATTGA
TAATAATTCG
ATGGAGGGGG
ATCACTTTTT
TTCATTATCA
AATCTAGATT
CTCCTTCAAG
AGGTTTAAGA
GATTCAATAA
GATTCTATGC
ACCAGTTTAT
AAAGATACTA
ACGAAATTAG
AGGAGGAACT
TCAACGAATA
TTAATATTGA
TGGTACTATT
AGTAAAATTG
ATCAAACAAT
TAGATATATA
AGTTTAATAA
GTTTGTTATT
TTTATCTAAT
GATAGTAAAA
ATAATAAATA
AAGCATAATA
GAATTTTATA
ATTTTATTGC
TATTAATACT
ACTGATAAAA
AAAATCAAGT
CGTATACTCA
GGACACCATA
ACAATATAAG

GATACCTATT
GGTGCAGCAA
TACTAAAAAA
AATAAATATG
ATTGTTGGAA
CTATAGCTGG
TAATGAATTA
AACTATTTTA
CTCTTAAAAC
TGATTTAGTA
ATAAAACTAG
GATCAGGACA
CTCATCTCCA
ATTTATTCTG
TTTCAAAAAA
AGTGTTTTGG
TCATTGGAAA
GAGATTTATA
TTTTTTCGAT
GAAGACACTA
GAAACTTCAT
AAACAAATTA
TACTCTTTAT
TAAATTTATC
TAATGAAGTA
AAAAAAGGAA
ATATAAATAA
AGATTTTTCA
TTCTTGACTT
TAGAAATAAA
GTCTGGGGAT
ACTATTGAGA
ATATAGCGTA
TTTTGGAGCT
CATTATAAAA
ATGACAGTAC
TGAAGATATA
ATAACAGGAA
GTATAGATTT
AAAAGTAAAT
TCTTACCTTG
ATACTTCTAA
TTTCTGGAAA

15

GTATCTACTA
TTAAGGAATT
AGAATTAGAA
TCATTATCTA
TAGGTGCTGA
TATATCTGCA
ATATTGCATG
ATCATTTGTC
AGAAGATGAT
ATATCAGAAA
GAACATGTAA
CACAGTGACT
TCTATAAGTT
CAATAGGTAT
AATAATGATG
TGGGAAACTG
ATGACGGAAC
CCCAGGTAAA
TATGCAATAA
ATATTAAAAT
AATGCCAACT
TCTTATTCAT
TATTATCTTC
TAAAGATGAT
AGAGAAATAT
AGTTAATAAA
AAATAAACTT
GGCGATATAG
GTGAGTTAGA
TCTTGTTGCA
AAAAATTATT
AAATCAATAC
CAATTACACT
ATATCTAAAA
AAGACAGTAA
ATTAGAATTT
AATGTATTTA
AATACTATGT
CTCTATTTCT
GGATTATATT
ATTTTGTGAA
TTTTATGAAT
TTGTTTGGGT

PCT/US2012/067091

TATTAGACGG
ACTAGACGAA
GCTAAGGTGG
TAGCTGCAAC
AGTTACTATT
GGAATACCTT
ATAAGGCAAC
TGAATCTAAA
AAAATTTTAG
TAGATTTTAA
TATATTAGCA
GGTAATATAG
CTCATATTCC
AGAAACAGAA
TTACCTAATG
GAGCAGTTCC
TAGATTACTT
TTTTACTGGA
CTACATTAAA
TAAACTAGAT
ATAACTACTA
TTGATGGAGC
ATATCCAATA
TTATGGATAT
CTATAGAAAA
AGATGTTTTA
ATTATAGGCA
ATAATAAAGA
TGATAAAATT
AAATCTTATA
TGATATCCAA
TTTAGGCCTA
GATGAATCTA
CAAGTCAAAA
AAATATATTA
AACAGTAAAG
TGAAAGATGA
TGATAATAAT
TTAGTTAGTA
TAAATGAATC
AAATTCAGAT
TTATTTTTGG
TTGAAAATAT
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AAATTTTGTA ATCGATAAAT
ACTAATCTTG GATATGTAGA
AAAATATAGA TATATATTTT
ATCTAAAAGC ACTATATTTA
GTAGTAGAGC CTATATATAA
TATCTACTTC ACTAGATTTT
AATAGATAGA TATATAAATA
TTATATACAA GTTTAATAAA
CAAATGAGTA CTACCCTGAG
TACATTCCAC AAAAAAGTAA
TCTTTTGAGT ATAAATGGTC
TTTTAGTTAG ATACTTAGAA
ACAAAAAATA AGAATCAAAG
TCATTTAATA AAATGAGTAT
AACTATCATT AGGATATATA
TAATTCTGAA AATGAATTAG
AAAATAATAG ATAATAAAAC

GTAAATTAGT
ATTCTATTTT
TGGCAAACTA
ATACTGGAGC
TAAACACTTT
GGAGTATTTA
CTGCCAATAC
AGTTTATCAA
TATTATTTTG
GAATTATTAA
TGCTATTGCT
AAGTATTATT
GTTGGCAGAC
TGATACCGCT
GGTAAACACT
TAGGTGTGTT
ACCTGCTAAT
ATAGTTTATC
AATATTACTT
GCAAACTATT
ACTGCTGAAG
AAAAATATTA
TGGATGGCAA
ACTAACACTG
ATGGTAAACA
GATAGGAGTG

TAAAGGATTA
GATCCTATAG
TCAATGGTAA
AGCTTTAACT
TATTTTAATA
AAGGACCTGA
TCAAAATAAT
AGTAAATTCT
ATAATAACTC
CAATGAGAAA
GCAGTCGGAT
TCAATCCTGA
TGTTAATGGT
ATTGCCTTTA
TTTATTTTGA
TAGTACCTCT
ACTTATAATA
AAAGTAAATT
TGATAATAAC

ACTTTACCCT

ATTTATTTGT

GGTGAATGGA
GCGGAAATGG
TCCTGATACG
TCCTATGAAC
AAGTATTGAT
TATTAATACC
ATTATAGTTC

ATATAAATTT
TACAGAAGGA

PCT/US2012/067091

TGTTGGTAAA
GACAATAATA
AAACATCGTC
TAGAAATGTT
GGTGAAGATA
CTCTCTATGG
AGCACCTGAT
AATTATTATT
TTAACCCAAA
AGATAGTTCT
AGTGACTTTA

GAAAGTAATA AAAAAATATT

GTATCTTATC

AGATTTTAAA
ATGAGTAATT
ATAGAGATCA
TTATTACTAT

ATCAATATAA
AATTTAACTT

AAAATATTAT
AGTTATAAAA
ATGATGGTGT
TGGATTTGAA

TAATACTCAA
GATATTAAAA
TTAAATCATT
TTTAGGATTT
GATGAAGATA
ATAATTCATT
AGTAACTGGA
TTTGATATAA
TTATTAATGG
GATGCAGTTG
TATTTTGCAC

AACATAGAAG GTCAGGCTAT

TAACTTTGAA
AAAAGCAGTC
TATTACTTTA

TGCAAGTAAT
CACTGCTATC
AGTAGATACT
ATGGTTATAA
TAGTGATTGT
AATGGATTTG
ATAACATAGA
CTTAACTTTG

TCAAAAGCAG

GATAGTAAAA AATATTACTT

CAGCTACTGG
CTTTAATACT
ACTATTGATG
CTATAGCTTC
TTTTTATTTT
TTTAAAGGAC

16

ATGGCAAACT
AACACTGCTG

TGGCAAAAAA

ACTGGATGGA
ATCCTAATAA
TGACAATAAT
ATCTCAAAAG
ACTTTGATAC

AACTATTGAT
GTAGTGAAAA
AATATTTTGC

AGGTCAGGCT
AATGGTAAAA
TTACCGGATT

TAATACTAAC
ATTGATGGTA
AAGCAGCTAC

GTAAAAAATA TTACTTTAAT

AACTGGTTAT
AATACTGATG
CTAATGGATT

ACAATTATTA
GTATTATGCA
TGAATATTTT
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GCACCTCCTA
CTATACTTTA
AAAATATTAC
TGGAGAATTA
ATAATCCTAT
TGACAAGTAT
GGATATATTA
CTAATAATCGA
ACCTAATCGA
AATAATAACA
AATTCTTAAC
TGACTCAAAA
AAAAAATATT
CTGGATGGCA
TCTTAACACT
GATGGTAAAA
CCTCAACTGG
TTTTAATACT
GGACCTAATG
ATCCTAACAA
TAAATTCTTA
AGTGACTCAA
GTAAAAAATA
TACTGGATGG
AATACTAACA
TTAGTGGTAA
GCAGATAGGA
TTTGCACCTG
AACCTATACG
CAATATATAT
GGTTGGGTAA
CTAATACAGC
TAATAAAAAT
GGAGIGITTA
CTGCTAATAC
ACGTTATCAA
TATTACTTTG
AAACTATTAA
TGCTATGGECT
GITATATATT
GGATATATGG
CTGTGCTACT
GATTTAATTA

ATACGGATGC
CCAAAATGAA
TTTGGTAGIG
TTAACAATAA
TGCTGCAATT
TACTTTAGIT
CTATTGAAAG
ATCTAAAATG
TTTGAGTATT
TAGAAGGTCA
TTTGAATGCC
GCAGITACTG
ACTTTAATCT
AACTATTGAT
GCTGAACCAG
AATATTACTT
TTATACAAGT
GATGGTATTA
GATTTGAATA
CATAGAAGGT
ACTTTGAATG
AAGCAGITAC
TTACTTTAAT
CAAACTATTA
CTTCTATAGC

TAACAACATA
TTCTTAACTT
ACTCAAAAGC
GAAATATTAC
CATCTATGCA
ATGATGGAAT

PCT/US2012/067091

GAAGGTCAAG
TGAATGGTAA
AGITACTGCGA
TTTAATCCTA
CTATAAATAA
TCTTCAAAAT

AAATAATTTC
GTAACAGGAG
TTGCACCTCC
GCCTATAGIT
AAAAAATATT
GATGGCAAAC
TAACACTGCT
GGTAAAAAAT
CTACTGGATG
TAATACTAAC
ATTAATGGTA
TGCAGATAGG
CTTTGCACCT
CAAGCTATAC
GTAAAAAATA
CGGACTCGCCGA
ACTAACACTG
ATGGTAAAAA
TTCAACTGGT

ACATTTTTAT
GIGITTAAAG
CTAATACAGA
TTATCAAAAT
TATTTTGGTA
CTATTGATGG
TATGGEGTGCG
TTTTACTTTA
AAGGGTCTAA
GGATGCTAAC
AATAGATTCC
GTAATAATTC
TGGTAAAGTA
GCAGCTGGTG
TCTTTGGTGT
CTAAAATATA
AAGAAATTAT
AAAGTCATGT

17

TTTAATACTG
GACCTGATGG
TGCTAACAAT
AGATTCCTAT
ATAATTCAAA
TAATAGATAT
AATGGITATA
GAAATGGTTT
TGGATTTGAA
AATATAGAAG
TACATTTACT
AAAAGCAGTT
TATTACTTTA
GACTTTTCCGA
TGATGGAGTA
TGTTTGATAA
TTTTATATAA
GITATTGTAA

TATTTTGATG
TATTTAAAGG
TAATACTCAC
TACCAGAACA
ATTTTGATAA
CATTGATGGT
GAAGCACCTA
ATTACTTTAA
GCAAACTATT
ACTTTCATAG
AACATTTTTA
AGTGTTTAAA
GCTAATACGG
TTTACCAAAA
TTACTTTGGT
ACTATTGATG
CTGITGCAGT
ATACTACTTT
TATACAATTA
ATGGTATTAT
ATTTGAATAC
ATAGAAGGTC
ATTTACATGA
AGCGGCTACT
TACTTCGAGC
AAACTATTGA
ACCTCAGATA
TACTTTGCAC
GITCAAGCTAT
TGGAAAAATA
ACTGGATGGEC
TGCCTGATAC
GATTGATGGT
AAAGCCCCTG
AAAATTATTC
TAAATATTCGA
TACATGACTT
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9561
9601
9641
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9721
9761

TTAGTTAAAA
TGACTATTTT
ACTAAATAAT
AAAAGCAAAA
GCAATTATAA
AAAATATTAA
CTCTACAGCT

TTTTTCTATC
ATAATAAAAT
TAATAGITGA
ACTAATTTAG
AAACATCTTT
CTATAATACA

ATTTAATAAT
TCATATATGG
TAAAAAATAG
AGCCTTGTAA
AAACATATTG
AAACAATATT

PCT/US2012/067091

CTATTATTCT
AAATATTAAT
ATAATATGCT
CTGITTATTT
ACTATAATAT
AATTAATTTT

One example of a c. difficiletoxin B amino acid sequence is provided

number CAJ67492.1 (Gl: 115249675) .
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1

41
81
121
161
201
241
281
321
361
401
441
481
521
561
601
641
681
721
761
801
841
881
921
961
1001
1041
1081
1121
1161
1201

MBLVNRKQLE
TVVEKYLKLK
TEVLELKNNN
VNSDYNVNVF
LNDPRFDYNK
| | DDI VKTYL
RNFEEFKNGE
GGMYLDVDM
MKYKEY! PEY
SSLGDVEASP
KQ ENRYKI L
ADNGRFMVEL
LLMFKEGSWN
SFDDARAKAQ
YLLEKI SSLA
TPYDSVLFQK
SDRPKI KLTF
LAKEDI SPKS
DKI SELMPSI

W NKEESI | K
LQEI RNNSNS
| EEAKNLTSD
SHFI SFEDI S
YANHI TEEI S
AAFFI QSLI E
| TDAAKVVEL
LGAAI KELSE
SSLG ASGFS
VDYFKHVSLV
SI VLGKCEI W
SI YDVLEVQK

KMANVRFRTQ
DI NSLTDI V1

LTPVEKNLHF
YDSNAFLI| NT
FFRKRVEI | Y
SNEYSKEI DE
SFNLYEQELV
PG QPDLFES
TSEHFDM.DE
LEVKI AFNSK
NNSLNPAI SE
GKYLRVGFFP
| HLI EADLRN
FEEYKRNYFE
RSSERGY! HY
NI EDSEI AYY
| GHGKDEFNT
| EI NLLGCNM
SQDSI | VSAN
DI SSKEY! SF
SDI ELEEKVM
SI NYI KDEFK
ETDEGFSI RF
KI KGTI FDTV
YNSSKESL SN
VSTALDETI D
TSDPLLRQE

| LLVPLAG S
ETEGVFTLLD
RVEGGSGHTV
EELDLSKDLM

18

EDEYVAI LDA
DTYKKSGRNK
VW GGQl NDT
LKKTWWESA
DKQKNFI NYY
LNTYI EESLN
ERVKLAAASD
| EKPSSVTVD
EVQSSFESVL
G | NQGLI SV
DNDFNTTTNT
DVKTTI NLSG
FEI SKTNI SQ
GSLGEDDNLD
| VQLQGEDKI S
YNPGDGE| QE
DI FAGFDVDS
FSYSI NVEET
QVEVRI NSEG
NPKENKI TVK
LTECEI NVI S
LI ESI SDALC
| NKETGESI F
NGKL VKKVNL
L SVAMKVQVY
LLPTLSEGLP
EAKI G MAVN
AG PSLVNNE
DKI MVPQDDL
TDDI DHFFSA
VLPNAPNRVF

below as SEQ ID NO:6) and is available in the NCBI database as accession

LEEYHNVSEN
ALKKFKEYLV
Al NYI NQWKD
NDTLESFREN
KAQREENPEL
KI TONSGNDV
| LRI SALKEI

FVEMTKLEA

ASKSDKSEI F
KDSYCSNLI V
FI DSI MAEAN
PEAYAAAYQD
STEQEMASLW
FSQNI vVDKE
YEAACNLFAK
| DKYKI PSI

LSTEI EAAI D
YPGKLLLKVK
RREL L DHSGE
SKNLPELSTL
NI DTQ VEER
DLKQONELED
VETEKTI FSE
DTTHEVNTLN
AQLFSTGLNT
| | ATI | DGVS
LTTATTAI I T
LVLRDKATKV
VI SEI DFNNN
PSI TYREPHL
AVETGWIPGL
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1241
1281
1321
1361
1401
1441
1481
1521
1561
1601
1641
1681
1721
1761
1801
1841
1881
1921
1961
2001
2041
2081
2121
2161
2201
2241
2281
2321
2361

RSLENDGTKL
RYEDTNI RI N
GTYALSLSQY
KI KKGDLI EG
FVSLTFSI LE
NHI QQKI DY!
EGLFVSELPD
KDNVNI LTGY
GVAE! LKFMN
NI KFI LDANF
LETNYTLYVG
LYG DSCVNK
DANY! NEKI N
SQVKI RFVNV
PSYYEDGLI G
SLYYFKPPVN
| DDKNYYFNQ
EAl DFTGKLI
ETGKAFKGLN
DSGVMKVGYT
HHNEDL GNEE
DLEDGSKYYF
FVTI NDKVFY
VFDTSDGYKY
FGETYTI ETG
| KYYFDEKG
KMFYFGEDGV
NYTGW.DLDE
QLVI SE

LDRI RDNYEG
LDSNTRSFI V
NMG NI ELSE
| LSTLSI EEN
G NAI | EVDL
GFNSELQKNI

WWLI SKVYMD
YLKDDI KI SL
RKGNTNTSDS
| 1 SGTTSI GQ
NRQNM VEPN
W SPNI YTD

VNI NDLSI RY
FKDKTLANKL
YDLGLVSLYN
NLI TGFVTVG
SGVLQTGVFS
| DENI YYFDD
Q GDYKYYFN
El DGKHFYFA
GEEI SYSG L
DEDTAEAYI G
FSDSG | ESG
FAPANTVNDN
W YDVENESD
MRTGLI SFEN
MQ GVFNTPD
KRYYFTDEYI

EFYWRYFAF
PI | TTEYI RE
SDVW | DVDN
KI | LNSHEI N
LSKSYKLLI S
PYSFVDSEGK
DSKPSFGYYS
SLTLQDEKT]

LMSFLESMNI

FEFI CDENDN
YDLDDSGD! S
El NI TPVYET
VWSNDGNDFI

SFNFSDKQDV
EKFYI NNFGM
DDKYYFNPI N
TEDGFKYFAP
NYRGAVEWKE
SDGVMXKGFV
ENGEMQ GVF
NFNNKI YYFD
LSLI NDGQYY
VQNI DDNYFY
| YGQAVEYSG
KYYFNPETKK
NNYYFNENGE
GFKYFAHQNT
AATGSVI | DG
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ADALI TTLKP
KLSYSFYGSG
VWRDVTI ESD
FSGEVNGSNG
GELKI LMLNS
ENGFI NGSTK
NNLKDVKVI T
KLNSVHLDES
KSI FVNFLQS
| QPYFI KENT
STVI NFSQKY
NNTYPEVI VL
L VSTSEENKV
PVSE! | LSFT
MVSGLI YI ND
GGAASI GETI

ANTLDENLEG
L DGEMHYFSP
SI NDNKHYFD
NTEDGFKYFA
DSFTAWGK

FNDDG MVG
| DDNG VQ G
LVRVGEDVYY
ACKG NLI DD
MQFGYI NI ED
L DENFEGES!

EEYYFDPDTA

In some embodiments, the toxin B peptide can have the sequence in bold above

(amino acids 1750-2360).

shown below.

35

40

1750
1761
1801
1841
1881
1921
1961
2001
2041

SQVKI RFVNV
PSYYEDGLI G
SLYYFKPPVN
| DDKNYYFNQ
EAl DFTGKLI

ETGKAFKGLN
DSGVVKVGYT
HHNEDL GNEE

FKDKTLANKL
YDLG.VSLYN
NLI TGFVTVG
SGVLQTGVFS
| DENI YYFDD
Q GDYKYYFN
El DGKHFYFA
CEEI SYSG L

19

|
SFNFSDKQDV
EKFYI NNFGM
DDKYYFNPI N
TEDGFKYFAP
NYRGAVEVKE
SDGVMXKGFV
ENGEMQ GVF
NFNNKI YYFD

This toxin B sequence has SEQ ID NO:7, and is

LMSTSEENKV
PVSEI' | LSFT
MVSGLI YI ND
GGAASI GETI

ANTLDENLEG
L DGEVMHYFSP
SI NDNKHYFD
NTEDGFKYFA
DSFTAWGAK
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2081 DLEDGSKYYF DEDTAEAYI G LSLI NDGQYY FNDDA MQVG
2121 FVTI NDKVFY FSDSG | ESG VONI DDNYFY | DDNG VQ G
2161 VFDTSDGYKY FAPANTVNDN | YGQAVEYSG LVRVGEDVYY
2201 FCETYTI ETG W YDMENESD KYYFNPETKK ACKG NLI DD
2241 | KYYFDEKG MRTGLI SFEN NNYYFNENGE MQFGYI NI ED
2281 KMFYFGEDGVY MQ GVFNTPD GFKYFAHQNT LDENFEGESI
2321 NYTGALDLDE KRYYFTDEYlI AATGSVI| DG EEYYFDPDTA

The expression cassettes, expression vectors, compositions and methods

provided herein can include a combination of C. difficile toxin A and toxin B

peptides.

Vectorsfor C. difficile Peptide Expression and Delivery

Delivery vectors include, for example, vira vectors, liposomes and other
lipid-containing complexes, and other macromolecular complexes capable of
mediating delivery of ageneto ahost cell. Vectors can aso comprise other
components or functionalities that further modulate gene delivery and/or gene
expression, or that otherwise provide beneficial properties. Such other
components include, for example, components that influence binding or
targeting to cells (including components that mediate cell-type or tissue-specific
binding); components that influence uptake of the vector by the cell; components
that influence localization of the transferred gene within the cell after uptake
(such as agents mediating nuclear localization); and components that influence
expression of the gene. Such components can be provided as anatural feature of
the vector (such asthe use of certain viral vectors which have components or
functionalities mediating binding and uptake), or vectors can be modified to
provide such functionalities.

Such components aso can include markers, such as detectable and/or
selectable markers that can be used to detect or select for cells that have taken up
and are expressing the nucleic acid delivered by the vector. Selectable markers
can be encoded within avector that expresses one or more C. difficile peptides,
or such selectable markers can be encoded and/or expressed from a separate
vector. Selectable markers can be positive, negative or bifunctional. Positive
selectable markers allow selection for cells carrying the marker, whereas

negative selectable markers allow cells carrying the marker to be selectively
20
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eliminated. A variety of such marker genes have been described, including
bifunctional (i.e., positive/negative) markers (see, e.g., WO 92/08796; and WO
94/28143). Such marker genes can provide an added measure of control that can
be advantageous in gene therapy contexts.

A large variety of vectors is available and can be used to express the
peptides described herein. Vectors within the scope of the invention include, but
are not limited to, isolated nucleic acid, vectors, e.g., recombinant adenovirus,
retrovirus, lentivirus, herpesvirus, poxvirus, papilloma virus, or adeno-associated
virus, including viral and non-viral vectors which are present in liposomes, e.g.,
neutral or cationic liposomes, such as DOSPA/DOPE, DOGS/DOPE or
DMRIE/DOPE liposomes, and/or associated with other molecules such as DNA-
anti-DNA antibody-cationic lipid (DOTMA/DOPE) complexes. Exemplary
gene viral vectors are described below. Vectors may be administered via any
route including, but not limited to, intramuscular, oral, buccal, rectal,
intravenous or intracoronary administration, and transfer to cells may be
enhanced using electroporation and/or iontophoresis.

In some embodiments, the vector is an adenoviral vector. Adenoviruses
are medium-sized (90-100 nm), nonenveloped (naked) icosahedral viruses
composed of anucleocapsid and linear, non-segmented double stranded (ds)
DNA genome which is about 36kb long. The genes of Adenovirus are often
described in terms of their expression during two phases of the adenovira life
cycle, i.e., as early phase genes or late phase genes. Genes of early phase are El,
E2, E3 and E4. Genes of late phases are LI, L2, L3, L4 and L5. The EI gene
products, including E1A and E1B, are involved in the replication of the virus.
The E2 proteins provide the machinery for vira DNA replication and
transcription of late genes. Most of the E3 proteins are involved in modulating
the immune response of infected cells. The E4 gene products are involved in the
metabolism of virus messenger RNA and provide functions that promote virus
DNA replication and shut-off of host protein synthesis. One or more of these
early phase genes can be deleted from an adenoviral vector employed for
expression of one or more of the C. difficile peptides described herein. The
virion uses its unique "spike" or fiber associated with each penton base of the
capsid to attach the host cell via the coxsackie-adenovirus receptor on the

21
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surface of the host cell. There are more than fifty-three described serotypes of
adenoviruses in humans.

Adenovirus type 5 has been extensively studied and can be adapted to be
avector for expression of one or more of the C. difficile peptides described
herein. Recombinant adenoviral type 5 vectors usually have the EI and E3 genes
deleted from their genomes compared to wild type adenoviruses. Such deletion
generates avector that is replication defective so it can be safely used as
transgene vector. For example, the El and E3 genes responsible for viral gene
expression can be deleted from the genome to generate an adenoviral vector that
is replication-incompetent. The EI gene products, including EIA and E1B, are
involved in the replication of the virus. The E3 region is not essential for in vitro
viral growth. These vectors have the ability to transfect both replicating and
nonreplicating cells. Adenoviral vectors can mediate transient expression of
therapeutic genes in vivo, for example, peaking at seven days and lasting
approximately 4 weeks. In addition, adenoviral vectors can be produced at very
high titers.

The EI plus E3 genes are about 8.0 kb and when deleted allow insertion
of anucleic acid segment that is about 8.0 kb. Hence, the coding region of the
selected peptide(s), the promoter, poly A and other inserted sequences can be
about 8kb or less. For example, the promoter and poly A segments of the insert
can be about 1kb, so the maximum insert size of the segment encoding the
peptide(s) may be about 7 kb. Due to higher transduction efficiency (almost
100%), higher level expression of transgene and broad range of tropism,
adenovirus vector can bewidely used for gene therapy, vaccine production, gene
knockdown, production of membrane and hard-to-express proteins, and
engineering of antibodies.

Several advantages are realized when using an Adenovirus type 5 vector
with the El and E3 genes deleted. For example, an adenoviral vector systemisa
homologous system for human genes meaning that adenoviruses are human
viruses, and as vectors human cells can beused as host cells. Therefore, human
proteins have identical post-trandational modifications as native proteins when
produced be an adenoviral vector system. Adenovira vectors have the ability to
infect most mammalian cell types (both replicative and non-replicative).
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Adenoviral vectors accommodate reasonably large transgenes (up to 8 kb) and
exhibit high expression of the recombinant protein. Adenoviral vectors can be
grown at high titer (10%° viral particlessmL, which can be concentrated up to 10
VP/mL). Adenoviral vectors are well tolerated, with post-infection viability of
the host cells being amost 100%. Adenoviral vectors also remain
epichromosomal, meaning that they do not integrate into the host chromosome
and therefore do not inactivate genes or activate oncogenes. A number of
vendors provide adenoviral vectors and services relating to adenoviruses such as
Vector BioLabs (Philadelphia, PA), SignaGen Laboratories (Rockville, MD),
Microbix Biosystems Inc. (Mississauga, Ontario), and Cell Biolabs, Inc. (San
Diego, CA).

In some embodiments, the immunological composition therefore includes
C. difficile peptides encoded by and expressed from an Adenovirus (Ad) based
vector. For example, the serotype 5 human adenovirus with mutations in the
viral El and E3 genes can be used. Such an adenovirus is replication
incompetent. It is a safe and highly immunogenic vector in studies with
laboratory animals and early-phase human clinical trials. Wang L, et a. J Virol
83:7166-7175 (2009); Catanzaro AT, e a. Vaccine 25:4085"1092 (2007),
which are herein incorporated by reference in their entireties.

One aspect of the invention is an Adenovirus based construct expressing
the C-terminal, highly immunogenic region of the C. difficile toxin A (amino
acids 1870-2680, e.g. SEQ ID NO:2). The results described herein indicate even
moderate doses of this construct are able to generate rapid and robust C. difficile
specific humoral as well as T cellular immune responses in mice. For example,
the Adenovirus based construct that expresses a portion of the Clostridium
difficile toxin A polypeptide (having SEQ ID NO:2) provides 100% protection
from lethal challenges with toxin A .

The Adenovirus based construct can also express a Clostridium difficile
toxin B peptide (e.g., a peptide selected from a region of the SEQ ID NO:6
polypeptide). Alternatively, two Adenovirus based constructs can be employed,
one to express the Clostridium difficile toxin A polypeptide, and the other to

express the Clostridium difficile toxin B polypeptide.
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In some embodiments, the C. difficile peptide(s) are subcloned into
pShuttle-CMV using procedures described by Seregin et a. (Blood 2010 Sep
9;116(10): 1669-77 (2010), which is incorporated herein by reference in its
entirety). Recombination and viral propagation can be performed as described
by Seregin et a, Bloodl 16(10): 1669-77 (2010); Ng & Graham, Methods Molec.
Med. 69:389-414 (2002); Seregin et a. Gene Ther. 16(10): 1245-59 (2009), each
of which is specificaly incorporated herein by reference in its entirety. The
article by Seregin & al, Vaccine 30:1492-1501 (2012) provides further

information and is specifically incorporated herein by reference in its entirety.

Dosages and Dosage Forms

The amounts of vector(s) or peptides administered to achieve aparticular
outcome will vary depending on various factors including, but not limited to, the
gene and promoter chosen, the condition, patient specific parameters, e.g.,
height, weight and age, and whether prevention or treatment is to be achieved.
The vector or peptide may be amenable to chronic use.

The vectors and/or peptides described herein can be used to protect
against or ameliorate the symptoms of Clostridium difficile associated diarrhea
(CDAD). Asillustrated herein, an immunological composition that includes the
peptides and/or vectors described herein has efficacy for treating and inhibiting
infection of C. difficile. For example, the vectors and/or peptides described
herein can induce robust Toxin A-specific T cell responses. The Toxin A
peptides described herein, whether injected as immunogens or administered and
expressed from an expression vector, are immunogenic T cell epitopes. In
addition, vaccination with the vectors and/or peptides described herein
completely protects mammals from lethal exposure to Toxin A.

Vectors or peptides of the invention may conveniently be provided in the
form of formulations suitable for administration. A suitable administration
format may best be determined by amedical practitioner for each patient
individually, according to standard procedures. Suitable pharmaceutically
acceptable carriers and their formulation are described in standard formulations
treatises, e.g., Remington's Pharmaceuticals Sciences. Vectors or fusion
peptides of the present invention may be formulated in solution a neutral pH, for
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example, about pH 6.5 to about pH 8.5, more preferably from about pH 7to 8,
with an excipient to bring the solution to about isotonicity, for example, 4.5%
mannitol or 0.9% sodium chloride, pH buffered with art-known buffer solutions,
such as sodium phosphate, that are generally regarded as safe, together with an
accepted preservative such as metacresol 0.1% to 0.75%, more preferably from
0.15% to 0.4% metacresol. Obtaining a desired isotonicity can be accomplished
using sodium chloride or other pharmaceutically acceptable agents such as
dextrose, boric acid, sodium tartrate, propylene glycol, polyols (such as mannitol
and sorbitol), or other inorganic or organic solutes. Sodium chloride is preferred
particularly for buffers containing sodium ions. If desired, solutions of the above
compositions can also be prepared to enhance shelf life and stability.
Therapeutically useful compositions of the invention can be prepared by mixing
the ingredients following generally accepted procedures. For example, the
selected components can be mixed to produce a concentrated mixture which may
then be adjusted to the final concentration and viscosity by the addition of water
and/or abuffer to control pH or an additional solute to control tonicity.

The vectors or peptides can be provided in a dosage form containing an
amount of avector or peptide effective in one or multiple doses. For vira
vectors, the effective dose may bein the range of at least about 107 viral
particles, e.g., about 109 viral particles, 1011 viral particles or 10% viral. As
noted, the exact dose to be administered is determined by the attending clinician,
but is may bein 1 mL phosphate buffered saline. For delivery of plasmid DNA
alone, or plasmid DNA in acomplex with other macromolecules, the amount of
DNA to be administered will be an amount which results in abeneficial effect to
the recipient. For example, from 0.0001 to 1 mg or more, eg., upto 1g, in
individual or divided doses, e.g., from 0.001 to 0.5 mg, or 0.01 to 0.1 mg, of
DNA can be administered. For delivery of the peptide, the amount administered
is an amount which results in abeneficial effect to the recipient. For example,
from 0.0001 to 100 mg or more, e.g., upto 1g, in individual or divided doses,
e.g., from 0.001 to 0.5 g, or 0.01 to 0.1 g, of peptide can be administered.

Administration of the vector or peptide in accordance with the present
invention may be continuous or intermittent, depending, for example, upon the
recipient's physiological condition, whether the purpose of the administration is
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therapeutic or prophylactic, and other factors known to skilled practitioners. The
administration of the vector or peptide may be essentially continuous over a
preselected period of time or may bein a series of spaced doses. Both local

(e.g., intramuscular) and systemic administration is contemplated.

One or more suitable unit dosage forms comprising the vector or peptide,
which may optionally be formulated for sustained release, can be administered
by avariety of routes including oral, or parenteral, including by rectal, buccal,
vagina and sublingual, transdermal, subcutaneous, intravenous, intramuscular,
intraperitoneal, intrathoracic, intrapulmonary and intranasal routes. In some
embodiments, administration can be into the blood stream (e.g., in an
intracoronary artery). The formulations may, where appropriate, be conveniently
presented in discrete unit dosage forms and may be prepared by any of the
methods well known to pharmacy. Such methods may include the step of
bringing into association the vector or peptide with liquid carriers, solid
matrices, semi-solid carriers, finely divided solid carriers or combinations
thereof, and then, if necessary, introducing or shaping the product into the
desired delivery system.

Pharmaceutical formulations containing the vector or peptide can be
prepared by procedures known in the art using well known and readily available
ingredients. For example, the agent can be formulated with common excipients,
diluents, or carriers, and formed into tablets, capsules, suspensions, powders, and
the like. The vectors or peptides of the invention can also be formulated as
elixirs or solutions for convenient oral administration or as solutions appropriate
for parenteral administration, for instance by intramuscular, subcutaneous or
intravenous routes.

The pharmaceutical formulations of the vectors or peptides can also take
the form of an aqueous or anhydrous solution or dispersion, or alternatively the
form of an emulsion or suspension.

Thus, the vector or peptide(s) may be formulated for parenteral
administration (e.g., by injection, for example, bolus injection or continuous
infusion) and may be presented in unit dose form in ampoules, pre-filled
syringes, small volume infusion containers or in multi-dose containers with an
added preservative. The active ingredients may take such forms as suspensions,
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solutions, or emulsions in oily or agqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Alternatively,
the active ingredients may be in powder form, obtained by aseptic isolation of
sterile solid or by lyophilization from solution, for constitution with a suitable

5 vehicle, eg., sterile, pyrogen- free water, before use.

These formulations can contain pharmaceutically acceptable vehicles and
adjuvants which arewell known in the prior art. It ispossible, for example, to
prepare solutions using one or more organic solvent(s) that is/are acceptable
from the physiological standpoint.

10 For administration to the upper (nasal) or lower respiratory tract by
inhalation, the vectors or peptide(s) are conveniently delivered from an
insufflator, nebulizer or apressurized pack or other convenient means of
delivering an aerosol spray. Pressurized packs may comprise asuitable
propellant such as dichlorodifluoromethane, trichlorofluoromethane,

15  dichlorotetrafluoroethane, carbon dioxide or other suitable gas. Inthe case of a
pressurized aerosol, the dosage unit may be determined by providing avalve to
deliver ametered amount.

Alternatively, for administration by inhalation or insufflation, the
composition may take the form of adry powder, for example, apowder mix of

20  the therapeutic agent (e.g., avector or peptide) and a suitable powder base such
as lactose or starch. The powder composition may be presented in unit dosage
form in, for example, capsules or cartridges, or, e.g., gelatin or blister packs from
which the powder may be administered with the aid of an inhalator, insufflator
or ametered-dose inhaler.

25 For intra-nasal administration, the vectors or peptides may be
administered via nose drops, aliquid spray, such asvia aplastic bottle atomizer
or metered-dose inhaler. Typical of atomizers are the Mistometer (Wintrop) and
the Medihaler (Riker).

For topical administration, the vectors or peptides may be formulated as

30 isknown inthe art for direct application to atarget area. Conventional forms for
this purpose include wound dressings, coated bandages or other polymer
coverings, ointments, creams, lotions, pastes, jellies, sprays, and aerosols, as
well as in toothpaste and mouthwash, or by other suitable forms. Ointments and

27



WO 2013/082298 PCT/US2012/067091

10

15

20

25

30

creams may, for example, be formulated with an aqueous or oily base with the
addition of suitable thickening and/or gelling agents. Lotions may be formulated
with an aqueous or oily base and will in general aso contain one or more
emulsifying agents, stabilizing agents, dispersing agents, suspending agents,
thickening agents, or coloring agents. The active ingredients can also be
delivered via iontophoresis, e.g., asdisclosed in U.S. Patent Nos. 4,140,122;
4,383,529; or 4,051,842. The percent by weight of atherapeutic agent of the
invention present in atopical formulation will depend on various factors, but
generally will be from 0.01% to 95% of the total weight of the formulation, and
typically 0.1-25% by weight.

When desired, the above-described formulations can be adapted to give
sustained release of the active ingredient employed, e.g., by combination with
certain hydrophilic polymer matrices, e.g., comprising natural gels, synthetic
polymer gels or mixtures thereof.

Drops, such as eye drops or nose drops, may be formulated with an
agueous or non-agqueous base also comprising one or more dispersing agents,
solubilizing agents or suspending agents. Liquid sprays are conveniently
delivered from pressurized packs. Drops can be delivered via a simple eye
dropper-capped bottle, or via aplastic bottle adapted to deliver liquid contents
drop-wise, via a specially shaped closure.

The vectors or peptides may further be formulated for topical
administration in the mouth or throat. For example, the active ingredients may
be formulated as alozenge further comprising a flavored base, usually sucrose
and acacia or tragacanth; pastilles comprising the composition in an inert base
such as gelatin and glycerin or sucrose and acacia; mouthwashes comprising the
composition of the present invention in a suitable liquid carrier; and pastes and
gels, eg., toothpastes or gels, comprising the composition of the invention.

The formulations and compositions described herein may also contain
other ingredients such as antiviral agents, antimicrobial agents, anti-
inflammatory agents or preservatives.

The pharmaceutical forms suitable for injectable use include sterile
agueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In all cases the form
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must be sterile and must be fluid to the extent that easy syringability exists. It
must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria
and fungi. The carrier can be a solvent or dispersion medium containing, for
5  example, water, ethanol, polyol (for example, glycerol, propylene glycoal, liquid

polyethylene glycol and the like), suitable mixtures thereof, and vegetable oils.
The proper fluidity can be maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required particle size in the case of a
dispersion and by the use of surfactants. The prevention of the action of

10  microorganisms can bebrought about by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal and
the like. In many cases it will be preferable to include isotonic agents, for
example, sugars or sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by use of agents delaying absorption, for

15 example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the vector or
peptide in a selected amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the sterilized active

20  ingredient into a sterile vehicle which contains the basic dispersion medium and
the required other ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable solutions, the preparation
can bevacuum dried or freeze dried toyield apowder of the active ingredient
plus any additional desired ingredient from the previously sterile-filtered

25  solution thereof.

For purposes of topical administration, dilute sterile, aqueous solutions
(usually in about 0.1% to 5% concentration), otherwise similar to the above
parenteral solutions, are prepared in containers suitable for incorporation into a
transdermal patch, and can include known carriers, such as pharmaceutical grade

30  dimethylsulfoxide (DMSO).

The therapeutic vectors and/or peptides of this invention may be
administered to amammal aone or in combination with pharmaceutically
acceptable carriers. Asnoted above, the relative proportions of active ingredient
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and carrier are determined by the solubility and chemical nature of the
compound, chosen route of administration and standard pharmaceutical practice.
The dosage of the present therapeutic agents which will be most suitable
for prophylaxis or treatment will vary with the form of administration, and the
physiological characteristics of the particular patient under treatment. Generally,
small dosages will be used initially and, if necessary, will be increased by small

increments until the optimum effect under the circumstances is reached.

Definitions

A "vector" refers to amacromolecule or association of macromolecules
that comprises or associates with apolynucleotide, and which can be used to
mediate delivery of the polynucleotide to acell, either in vitro or in vivo.
[llustrative vectors include, for example, plasmids, viral vectors, liposomes and
other gene delivery vehicles. The polynucleotide to be delivered, sometimes
referred to as a"target polynucleotide” or "transgene,” may comprise acoding
sequence of interest in gene therapy (such as a gene encoding aprotein of
therapeutic interest), a coding sequence of interest in vaccine development (such
as apolynucleotide expressing aprotein, polypeptide or peptide suitable for
eliciting an immune response in amammal), and/or a selectable or detectable

marker.

non non

"Transduction,” "transfection," "transformation” or "transducing” as
used herein, are terms referring to a process for the introduction of an exogenous
polynucleotide, e.g., atransgene in vector, into ahost cell leading to expression
of the polynuclectide, e.g., the transgene in the cell, and includes the use of
recombinant virus to introduce the exogenous polynucleotide to the host cell.
Transduction, transfection or transformation of a polynucleotide in acell may be
determined by methods well known to the art including, but not limited to,
protein expression (including steady state levels), e.g., by ELISA, flow
cytometry and Western blot, measurement of DNA and RNA by heterologous
hybridization assays, e.g., quantitative polymerase chain reaction (QPCR),
Northern blots, Southern blots and gel shift mobility assays. Methods used for
the introduction of the exogenous polynucleotide include well-known techniques
such asviral infection or transfection, lipofection, transformation and
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electroporation, aswell as other non-viral gene delivery techniques. The
introduced polynucleotide may be stably or transiently maintained in the host
cell.

"Gene expression” or "expression” refers to the process of gene
transcription, tranglation, and post-translational modification.

The term "nucleic acid" or "polynucleotide” refers to apolymeric form
of nucleotides of any length, including deoxyribonucleotides or ribonucleotides,
or analogs thereof. A nucleic acid may comprise modified nucleotides, such as
methylated or capped nucleotides and nucleotide analogs, and may be
interrupted by non-nucleotide components. If present, modifications to the
nucleotide structure may be imparted before or after assembly of the polymer.
The term nucleic acid, as used herein, refers interchangeably to double- and
single-stranded molecules. Unless otherwise specified or required, any
embodiment of the invention described herein that is anucleic acid encompasses
both the double-stranded form and each of two complementary single-stranded
forms known or predicted to make up the double-stranded form.

A "transcriptional regulatory element” refersto anucleic acid segment
that controls the transcription of a gene or coding sequence towhich it is
operably linked. Transcriptional regulatory sequences of use in the present
invention generaly include a least one transcriptional promoter and may also
include one or more enhancers and/or terminators of transcription (e.g., a
CMV/CMV regulatory cassette).

"Operably linked" refers to an arrangement of two or more components,
wherein the components so described are in arelationship permitting them to
function in a coordinated manner. By way of illustration, atranscriptional
regulatory sequence or apromoter is operably linked to a coding sequence if the
transcriptional regulatory sequence or promoter promotes transcription of the
coding sequence. An operably linked transcriptional regulatory sequence is
generally joined in cis with the coding sequence, but it is not necessarily directly
adjacent toit.

"Heterologous’ means derived from a genotypically distinct entity from
the entity to which it is compared. For example, apolynucleotide introduced by
genetic engineering techniques into a different cell type is a heterologous nucleic
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acid (and, when expressed, can encode aheterologous polypeptide). Similarly, a
transcriptional regulatory element such as apromoter that is removed from its
native coding sequence and operably linked to adifferent coding sequence is a
heterologous transcriptional regulatory element.

A "terminator” refersto anucleic acid sequence that tends to diminish or
prevent read-through transcription (i.e., it diminishes or prevent transcription
originating on one side of the terminator from continuing through to the other
side of the terminator). The degree to which transcription is disrupted is
typically afunction of the base sequence and/or the length of the terminator
sequence. In particular, asiswell known in numerous molecular biological
systems, particular DNA sequences, generally referred to as "transcriptional
termination sequences’ are specific sequences that tend to disrupt read-through
transcription by RNA polymerase, presumably by causing the RNA polymerase
molecule to stop and/or disengage from the DNA being transcribed. Typical
examples of such sequence-specific terminators include polyadenylation
("polyA™) sequences, e.g., SV40 polyA. In addition to or in place of such
sequence-specific terminators, insertions of relatively long DNA sequences
between apromoter and a coding region also tend to disrupt transcription of the
coding region, generally in proportion to the length of the intervening sequence.
This effect presumably arises because there is always some tendency for an
RNA polymerase molecule to become disengaged from the DNA being
transcribed, and increasing the length of the sequence to betraversed before
reaching the coding region would generally increase the likelihood that
disengagement would occur before transcription of the coding region was
completed or possibly even initiated. Terminators may thus prevent
transcription from only one direction ("uni-directional” terminators) or from
both directions ("bi-directional” terminators), and may be comprised of
sequence-specific termination sequences or sequence-non-specific terminators or
both. A variety of such terminator sequences are known in the art; and
illustrative uses of such sequences within the context of the present invention are
provided below.

"Host cdlls," "cell lines," "cell cultures,

packaging cell line" and other
such terms denote higher eukaryotic cells, such as mammalian cells including
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human cells, useful in the present invention, e.g., to produce recombinant virus
or recombinant peptide. These cells include the progeny of the original cell that
was transduced. It isunderstood that the progeny of asingle cell may not
necessarily be completely identical (in morphology or in genomic complement)
tothe original parent cell.

"Recombinant,” as applied to anucleic acid means that the nucleic acid is
the product of various combinations of cloning, restriction and/or ligation steps,
and other procedures that result in aconstruct that is distinct from anucleic acid
found in nature. A recombinant virus is aviral particle comprising a
recombinant nucleic acid. The term includes replicates of the original
polynucleotide construct and progeny of the original virus construct.

A "control element” or "control sequence” is anucleic acid sequence
involved in an interaction of molecules that contributes to the functional
regulation of anucleic acid, including replication, duplication, transcription,
splicing, trandlation, or degradation of the polynucleotide. The regulation may
affect the frequency, speed, or specificity of the process, and may be enhancing
or inhibitory in nature. Control elements known in the art include, for example,
transcriptional regulatory sequences such as promoters and enhancers. A
promoter is aDNA region capable under certain conditions of binding RNA
polymerase and initiating transcription of acoding region usualy located
downstream (in the 3' direction) from the promoter. Promoters include
adenovirus promoters, AAV promoters, e.g., P5, P19, P40 and AAV ITR
promoters, aswell as heterologous promoters.

An "expression vector" is avector comprising aregion which encodes a
peptide or gene product of interest, and isused for effecting the expression of the
peptide or gene product in an intended target cell. An expression vector also
comprises control elements operatively linked to the encoding region to facilitate
expression of the protein in the target. The combination of control elements and
agene or genes to which they are operably linked for expression is sometimes
referred to as an "expression cassette,” alarge number of which are available in
the art or can bereadily constructed from components that are available in the

art.
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Theterms "polypeptide” and "protein” are used interchangeably herein to
refer to polymers of amino acids of any length. The terms also encompass an
amino acid polymer that has been modified; for example, disulfide bond
formation, glycosylation, acetylation, phosphorylation, lipidation, or conjugation

5 with alabeling component.

An "isolated" product, e.g., plasmid, virus, nucleic acid, polypeptide or
other substance refers to apreparation of the product devoid of at least some of
the other components that are typically present when that product isin its natural
form. Thus, for example, an isolated product may be prepared by using a

10  purification technique to enrich it from asource mixture. Enrichment can be
measured on an absolute basis, such asweight per volume of solution, or it can
be measured in relation to a second, potentialy interfering substance present in
the source mixture. In some embodiments, increasing enrichments of a product
are more preferred. Thus, for example, a2-fold enrichment is preferred, 10-fold

15  enrichment is more preferred, 100-fold enrichment is more preferred, 1000-fold
enrichment is even more preferred.

The invention will be described by the following nonlimiting examples.

EXAMPLE %: Materids and Methods
20 This Example describes some of the materials and methods that have

been used in the development of the invention.

Adenovirus vector construction, production and characterization:

All Adenoviruses utilized in this study were human Ad type 5-derived

25  replication deficient vectors (deleted for the ElI and E3 genes). The Ad5-TA
construct was made by specifically selecting a TA sequence that had not
previously been tested, and optimizing the DNA encoding this TA sequence for
human expression. The synthetic gene was obtained from GeneArt (Regensburg
Germany, see website a geneart.com; now pat of Life Technologies

30 Corporation). The C-terminal region of TA (spanning amino acids 1870-2680)
was subcloned into pShuttle-CMV using procedures described by Seregin e al.
(Bloodl 16(10): 1669-77 (2010)). This Cterminal domain of TA is non-toxic and

lacks enzymatic activity. Recombination and viral propagation were completed
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as described by Seregin et a. (2010); Ng & Graham, Methods Molec. Med.
69:389-414 (2002); Seregin et a. Gene Ther. 16(10): 1245-59 (2009)). An Ad5-
Null vector was constructed by recombining pShuttle (with no transgene) with
pAdEasyl and purifying the vector construct as described by Ng & Graham
5  (Methods Molec. Med. 69:389-414 (2002)). Propagation and characterization of
al Ads was performed as previously described by Seregin e a. (Blood
116(10): 1669-77 (2010)). All viruses were found to be free of replication-
competent adenoviruses (RCA) both by polymerase chain reaction (PCR) of a
RCA-specific region (ElI region amplification) and direct sequencing methods as
10  previously described in Seregin et a, (Mol Ther 17(4):685-96 (2009)). All Ads
were also tested for the presence of bacterial endotoxin as previously described
by Seregin et a, (Mol Ther 17(4):685-96 (2009)), and were found to contain

<0. 15 EU endotoxin per ml.

15 Animal procedures. Adult BALB/c WT mice were purchased from Jackson
Laboratory (Bar Harbor, ME). Ad5 vectors were injected intramuscularly (IM),
into the tibialis anterior of the right hindlimb, total volume 25 i) into 8 weeks
old male mice after performing proper anesthesia with isofluorane. A total of
IXIO 10 virus particles per mouse were administered IM. The number of animals

20  used for each experiment was noted and is specified in the description of the
figure(s). Toxin A challenge experiments were performed a 14 days post-
injection as previously described by Gardiner et a. (Vaccine 27(27):3598-604
(2009)). In particular, 300 ng of freshly reconstituted toxin A (List Biologica
Laboratories Inc., Campbell, CA or Calbiochem, San Diego, CA) in 100 ui (in

25 PBS) was injected intraperitoneally per mouse. After chalenge the mice were
carefully and routinely monitored every 6 hours by lab personnel and by
technicians from MSU animal core facility for mortality and other parameters,
al in accordance with MSU ORCBS and IACUC. Plasma and tissue samples
were collected and processed a the indicated time points in accordance with

30 Michigan State University Institutional Animal Care and Use Committee. All
procedures with recombinant Ads and TA were performed under BSL-2, and all
vector-treated animals were maintained in ABSL-2 conditions. All animal

procedures were reviewed and approved by the Michigan State University
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ORCBS and IACUC. Care for mice was provided in accordance with PHS and
AAALAC standards.

Antibody Titering Assay: ELISA based titering experiments were essentialy
5 completed as previously described by Gardiner et a. (Vaccine 27(27):3598-604

(2009); Seregin et a. Gene Ther. 16(10): 1245-59 (2009); and Hensley et a. Mol.
Ther. 15(2):393-403 (2007)). Briefly, 50-100 ng of purified toxin A (diluted in
PBS) was used to coat wells of a 96 well plate overnight a 4°C. Plates were
washed with PBS-Tween (0.05%) solution, and blocking buffer (3% BSA in

10 PBS) was added to each well and incubated for 1-3 hours & room temperature.
Total 1gG antibodies, were measured in plasma samples collected from naive,
Ad5-Null or Ad5-TA injected mice. Collection of plasma samples was
performed a 3, 7 or 14 dpi. Dilutions were made in blocking buffer (1:10 to 1:
40,000). Following dilution, plasma was added to the wells, and incubated at

15  room temperature for 1 hour. Wells were washed using PBS-Tween (0.05%) and
HRP-conjugated rabbit anti-mouse antibodies (BioRad, Hercules, CA) were
added at a 1:5000 dilution in PBS-Tween. TMB (Sigma-Aldrich, St. Louis, MO)
substrate was added to each well, and the reaction was stopped with 2 N sulfuric
acid. Plates were read a 450nm in amicroplate spectrophotometer.

20
ELISpot analysis: 96-well Multiscreen high protein binding Immobilon-P
membrane plates (Millipore, Billerica, MA) were pre-treated with ethanol,
coated with mouse anti-IFNy (or IL-4, or IL-2) capture antibody, incubated
overnight, and blocked with RPMI medium (with 10% FBS, 1% PSF) prior to

25 the addition of 1.OxIO® splenocytesiwell (see, Seregin e al, Blood
116(10): 1669-77 (2010); Weaver & Barry, Hum Gene Ther (Sep 2008)). Ex vivo
stimulation included the incubation of splenocytes for 18-24 hours in a 37° C,
5% CO, incubator in 100 pL of media alone (unstimulated), or in 100 uL media
containing:

30 (1) 2 pg/well of single peptides from a 15-mer-peptide library, spanning
the c. difficile TA region, encoded by Ad-TA vaccine (15 amino acid peptides
overlapping by 5 amino acids on both N- and C-termini); or

(2) apool of 12 peptides from the library (each peptide 0.2 pg/well); or
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(3) 0.2 pg/well of single most immunogenic peptides from the library; or
(4) Ad5-null vector inactivated a& 56° C for 45 min (100 vira
particles/cell).
The library was produced by JPT Peptide Technologies (Berlin, Germany; see
5 website atjpt.com). Ready-set Go IFNy, IL-2 and IL-4 mouse ELISpot kits were
purchased from eBioscience (San Diego, CA). Staining of plates was completed
per the manufacturer's protocol. Spots were counted and photographed by an
automated EL1Spot reader system (Cellular Technology, Cleveland, OH).

10  Cell staining and flow cytometry: Splenocytes from immunized mice were ex
vivo stimulated with peptide #63 (2 pg/well) or with mixture of peptides (#9,
#13, #51, #55, #63, al 0.4 pg/well) where the sequences of peptides are shown
in Table . Following stimulation splenocytes were stained with the following
antibodies: PerCpCy5.5-CD3, Alexa Floure700-CD8a, PE-Cy7-CD4, FITC-

15 IFNy, PE-IL2, Alexa Fluor647-1L4 (4 pg/ml), all obtained from BD Biosciences
(San Diego, CA). Cells were incubated on ice with the respective antibodies for
surface staining for 30 min. After washing, intracellular staining was performed:
cells were fixed with 2% formadehyde (Polysciences, Warrington, PA),
permeabilized with 0.2% Saponin (Sigma-Aldrich, St. Louis, MO), and stained.

20 The violet fluorescent reactive dye (ViViD, Invitrogen) was included as a
viability marker to exclude dead cells from the analysis. Cells were sorted using
an LSR
Il instrument and analyzed using FlowJo software (Aldhammen e a, J
Immunol 186((2):722-32 (Jan. 201 1)).

25
Hematoxylin and Eosin staining (hepatic inflammation): Upon sacrifice, liver
tissues were fixed in 10% neutral buffer formalin for 12 hours, washed in 70%
ethanol, embedded in paraffin and 6-wun sectioned were stained with H&E,
exactly as previously described (Seregin et a, Mol Ther 17(4):685-96 (2009);

30 Hu et a, Hum Gene Ther 10(3):355-64 (1999)). The inventors adapted a
previously developed semi-quantitative scoring system, which alows the level
of hepatic pathology between different liver sections to be quantified and

statistically compared (Seregin et a, Mol Ther 17(4):685-96 (2009); Hu e 4,
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Hum Gene Ther 10(3):355-64 (1999)). For every mouse, liver sections obtained
a different portions of the liver (0-1000 wn from liver surface) were analyzed
and given a numerical score (0-3) for three different categories of liver
pathology (portal, periportal, lobular) for a least 15 fields per mouse. A
5 qualified pathologist was consulted prior to performing scoring in blind manner
(performed by 2 researchers with similar results). The sum of scores (al fields)
for each mouse was taken and individual category scores were averaged for each
group. Total inflammation index was computed by averaging the sum of all three
individual category scores for each mouse (Seregin et al, Mol Ther 17(4):685-96
10 (2009); Hu et al., Hum Gene Ther 10(3):355-64 (1999)).

Statistical analysis: For every experiment, pilot trials were performed with N=3
per group. This alowed usto determine effect size and sample variance so that
Power Anaysis could be performed to correctly determine the number of

15 subjects per group required to achieve a statistical Power > 0.8 a the 95%
confidence level. Statistically significant differences in Clostridium difficile
specific adaptive immune responses were determined using statistical analyses
specified in figure legends. Kaplan Meier survival analysis was performed for
challenge experiments. Graphs in this paper are presented as Mean of the

20  average + SD, unless otherwise specified. GraphPad Prism software was utilized
for statistical analysis.

EXAMPLE 2: Adenovirus based vaccine against Clostridium difficile toxin
25 A isabletoinduce rapid and robust Toxin A-specific humoral responsesin
mice.
This Example illustrates the immunogenicity of the toxin A peptides with
a SEQ ID NO: 2 sequence, including peptide  sequences
VNGSRYYFDTDTAIA (SEQ ID NO:3) and YYFNTNTSIASTGYT (SEQ ID
30 NO:4).
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IgG Antibody Production versusthe SEQ ID NO:2 Toxin A Peptide
As described in Example 1, a recombinant, ElI and E3 gene deleted Ad
based construct was modified to express the C-terminal, highly immunogenic
region of C. difficile toxin A (amino acids 1870-2680; e.g., SEQ ID NO:2). This
5 vaccine construct is referred to herein as Ad5-TA ( or Ad5-Cdifficile- 'YA).
Humoral responses are important for protection from C. difficile-a& soci&tQd
diarrhea (CDAD). To investigate if an Ad5-TA vaccine construct is able to
induce C. difficile specific humoral responses, the Ad5-TA construct was
intramuscularly (IM) injected into adult BALB/c mice. A with moderate dose
10 (20 viral particlessrmouse) of Ad5-TA or a control construct was employed.
The control construct is referred to as Ad5-Null and is also described in Example
1. Elevated plasma levels of TA-specific antibodies were detected at 3, 7 and 14
days post injection (dpi) of the Ad5-TA construct. More specifically, significant
(p<0.05) 1gG titers were present as early as 3 dpi (FIG. 1A), 1gG titers were
15  further increased by 7 dpi (FIG. 1B) and IgG titers were further increased by 14
dpi (FIG. 1C; some supporting data not shown).

Ad5-TA and Peptides therein Elicit Robust Toxin A-Specific T cell
Responses

20 To examine if T cell responses to C. difficile Toxin A can be elicited by
the potent Ad5-TA construct, cellular immune responses to peptides within the
Ad5-TA construct were analyzed by ELISPOT assays. A 15-mer-peptide library
was employed that spanned both N- and C-termina portions of the C. difficile
TA protein encoded by the Ad5-TA vaccine construct, where each peptide

25  overlapped with its neighbor by 5 amino acids. Several clusters of immunogenic
epitopes in the Toxin A non-enzymatic region were identified, with two being
major immunodominant epitopes: VNGSRYYFDTDTAIA (SEQ ID NO:3) and
YYENTNTSIASTGYT (SEQ ID NO:4) (>400 IFNy SFCs per 108 splenocytes),
(FIGs. 2A-2B) and Table 1).

30 Further analysis utilizing an MHC | epitope prediction program (website
a syfpeithi.de/scriptsyMHCServer.dll/), indicates that two 9-mer peptides within
the SEQ ID NO:3 and SEQ ID NO:4 peptides may bind well to the BALB/c
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H2K d allele and be good MHC | epitopes. The sequences of these 9-mers are as

follows.
YYFDTDTAI (SEQ ID NO:8) and
YYFNTNTSI (SEQ ID NO:9).
5 Administration of the Ad5-TA construct and analysis of splenocytes

from immunized mice in an ELISPOT assay identified several other epitopes as
also being highly immunogenic, including 3 epitopes yielding 150-400 SFCs, 4
yielding 100-150 SFCs and 2 epitopes yielding 50-100 SFCs per 106 splenocytes
in the IFNy ELISpot (FIG. 2A-2B, and Table 1).

10
Table 1. C. difficiletoxin A-Specific Major T cell Epitopes.
Peptide No. Spot Forming SEQ ID NO:
Cells
#13 VNGSRYYFDTDTAIA 400+ SFCs SEQ ID NO:3
#63 YYENTNTSIASTGYT 400+ SFCs SEQ ID NO:4
#9 NEKYYFNPNNATAAV 150-400 SFCs SEQ ID NO:10
#51 QTIDGKKYYFNTNTF 150-400 SFCs SEQ ID NO:11
#55 VFKGPNGFEYFAPAN 150-400 SFCs SEQ ID NO:12
#27 YENTNTAIASTGYTI 100-150 SFCs SEQ ID NO:13
#30 IGVFKGPNGFEYFAP 100-150 SFCs SEQ ID NO:14
#36 KYYFNPNNAIAAIHL 100-150 SFCs SEQ ID NO:15
#37 AAIHLCTINNDKYYF 100-150 SFCs SEQ ID NO:16
#66 QIGVFKGPDGFEYFA 50-100 SFCs SEQ ID NO:17
#74 NKNFYFRNGLPQIGV 50-100 SFCs SEQ ID NO:18
The data in Table 1 were generated using an ELISPOT assay of splenocytes
derived from Ad5-TA vaccinated BALB/c mice. The splenocytes were
15  stimulated with 15-mer library spanning the C. difficile Toxin A region that is

encoded by Ad-TA vaccine construct, followed by ELISPOT assay. In an
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EPISPOT assay, a peptide with high numbers of spot forming cells is an

immunogenic epitope. Therefore, Table 1 provides the sequences of the peptides

with the highest numbers of spot forming cells. The bold and underlined peptide

sequences in peptides #13 and #63 were also identified by H2Kd (9-mers)

5 epitope prediction (www.syfpeithi.de/scriptsMHCServer.dll/) as being good

yields derivatives of peptides #13 and #63 as 2 top hits (highlighted in bold and
underlined).

To further characterize T cell responses induced by the Ad5-TA C.

difficile construct, splenocytes derived from Ad5-TA vaccinated (at 14 dpi) or

10  naive mice were stimulated with peptide pools each containing twelve Toxin A-
specific peptides. Utilizing these peptide pools, IFNy or IL-2 based ELISPOT
analyses were performed as well. As shown in FIG. 3A-3B, these IFNy or IL-2
based ELISPOT analyses further confirmed that significant Toxin-A specific T
cell responses were generated in Ad5-TA-vaccinated mice, but not in control

15  mice. This study further demonstrates that use of the Ad5-TA construct induced
arobust and broad T cell immune response to the C. difficile toxin A antigen,
and that immunogenic T cell epitope clusters are located in several regions
within the Toxin A C-terminal non-enzymatic domain, rather than being
concentrated injust one particular region of the Toxin A molecule.

20 To assess the potential, non-specific Ad-mediated effects of vaccination,
these responses were similarly analyzed after administration of an Ad5-Null
control construct. An IFNy ELISpot assay revedled a lack of any significant
responses in both Ad-naive and Ad5-Null injected mice, relative to the robust
TA-specific T cell responses exhibited by Ad5-TA vaccinated mice (FIG. 4).

25 Significant Ad5-specific T cell responses were detected in Ad5-Null and
Ad5-TA injected mice, which were identical between the two groups of Ad5-
injected animals, indirectly confirming that both the Ad5 control and Ad5-TA
vaccinations were performed identically and therefore C. difficile TA-specific T
cell responses are truly derived only from the adenoviral-mediated expression of

30 the Toxin A protein (FIG. 4).

Ad5 vaccines typicaly induce CD8 specific effector T cell responses,
however, CD4 responses can also be induced by Ad based vaccines (Appledorn

et a, PLOS One 5(3):€9579 (2010); Seregin et a. Hum Gene Ther (Apr. 2011),
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which are specifically incorporated by reference herein in their entireties. IL-4
and IL-2 Toxin A-specific ELISpot assays confirmed that a robust CD4 T cell
response to Toxin A aso occurred in Ad5-TA vaccinated mice. These data
indicate that Ad5-TA administration induces robust pleiotropic CD8 and CD4

5  responses as well as potentially providing Thl/Th2 immunity to the C. difficile
Toxin A protein (FIG. 5). The Ad5-TA vaccine is able to induce IFNy
production from CD8+ T cells in arecall response to TA-specific antigens (FIG.
5C).

10 Ad5-TA C. difficileadministration completely protects mice from lethal TA
challenge.

To determine if the rapid and robust induction of humoral and T cell
responses elicited by vaccination with Ad-TA is clinically meaningful, mice
were challenged with 300 ng (6xLDs,) of purified Toxin A 14 days after

15  administration of the Ad5-TA construct. FIG. 6A shows that while the Ad5-Null
injected mice have a 40% survival rate after this chalenge, the Ad5-TA
vaccinated mice have 100% survival for the duration of experiment. Thus,
administration of the Ad5-TA construct significantly improved the survival of
these animals (p<0.05) relative to use of the Ad5-Null control.

20 It was unclear, however, why some of Ad5-Null injected mice had
survived the challenge, since similar challenges previously published resulted in
100% death of unvaccinated mice (Gardiner et a, Vaccine 27(27):3598-604
(2009)). The experiment was repeated using a Toxin A preparation from a source
identical to the one used by Gardiner et al. (2009). Similar results to the first

25 experiment were observed. While 100% of the Ad5-TA vaccinated mice
survived Toxin A challenge, only about 50 percent of the Ad5-Null challenged
mice survived while about 30% of naive unvaccinated mice survived. Thus, the
Ad5-TA vaccinated mice again exhibited significantly increased incidence of
survival (p<0.05) as compared to unvaccinated mice (FIG. 6B).

30 The severity of hepatic inflammation in Ad5-TA vaccinated mice after
TA chalenge was adso significantly reduced. FIG. 7 shows that there was
substantial portal, periportal and lobular hepatic inflammation in unvaccinated
control mice that underwent Toxin A chalenge. In contrast, the Ad5-TA
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vaccinated mice that were challenged with Toxin A exhibited reduced levels of
portal, periportal and lobular hepatic inflammation. Significantly, the Ad5-TA
vaccinated mice showed almost no signs of leukocyte invasion, lobular disarray,
or necrosis. There was no apparent difference between the Ad5-TA group and
5 the naive mice. Unvaccinated Toxin A chalenged mice had complete lobular
disarray, with pooling of erythrocytes throughout the tissue subsequent to
hemorrhage. The unvaccinated group of mice that survived this challenge had
lobular disarray with focal areas of glassy eosinophilic hyalin deposition and
necrosis. These mice also had areas of cellular swelling indicating cellular stress
10 (FIG 7B). Such damage was not seen in the Ad5-TA vaccinated mice. These
data illustrate Ad5-TA vaccination reduces inflammation-related damage of
tissues in mammals infected with Clostridium difficile.

Recurrence of Clostridium difficile associated diarrhea (CDAD) is
associated with a lack of protective immunity to C. difficile toxins Toxin A and
15 Toxin B. The incidence of CDAD reoccurrence ranges from 8 to 50% of cases
with atrend to increase (Adam et a, The Lancet infectious diseases 5(9):549-57
(2005)). Patients developing high serum 1gG antibodies titers against Toxin A
during their first episode of CDAD are 48-fold less likely to develop recurrent
CDAD (Ghose et a. Infect Immun 75(6):2826-32 (2007); Giannasca & Warny,
20  Vaccine 22(7):848-56 (2004); Sougioultzis et a, Gastroenterology 128(3):764-

70 (2005); Kyne et al., The New Eng J Med 342(6):390-7 (2000)).
The results described herein indicate that an immunological composition
that includes the SEQ ID NO:2 antigen, or peptide antigens from within the SEQ
ID NO:2 polypeptide has efficacy for treating and inhibiting infection of C.
25  difficile. The dose regimen utilized in these studies (10%° viral particles/mouse)
is a moderate adenoviral vector dose (Weaver & a, PLoS One 4(3):€5059
(2009); Gabitzsch e al, Vaccine (June 2009)). At least 20-fold higher doses
have been utilized in mice for intramuscular immunizations (Pichla-Gollon e al,
JVirol 83(11):5567-73 (2009)). Moreover, a dose of 10! viral particles/person
30 isacurrently FDA approved dose for Ad5-based vectors, and is a dose that has
been utilized in clinical trials (see website a
clinicaltrials.gov/ct2/show/NCT01147965). Even a these moderate dosages the
Ad5-TA C. difficile construct disclosed here induced rapid (detectable as early as
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3 days post-injection) and robust humora and robust specific T cell responses to
the C. difficile TA antigen. For example, T cell responses against the Ad5-TA
construct were detectable as early as three days post injection.

The potency of this Ad5-TA C. difficile construct facilitated

5 identification of important C. difficile TA specific immunogenic T cell epitopes,
including those exhibited by the SEQ ID NO:3 and SEQ ID NO:4 peptides.
Furthermore, the data described herein confirm that the Toxin A specific
immune responses induced by the Ad5-TA construct positively correlate with
full protection of mice against C. difficile Toxin A challenge, which typically

10 causes significant mortality. Moreover, such protections against C. difficile
Toxin A challenge was provided by the Ad5-TA construct, even when the
challenge is performed as early as 14 days after a single, Ad5-TA vaccination,
which is a time point much earlier than expected (see, eg., Gardiner et al,
Vaccine 27(27):3598-604 (2009)).

15 Therefore, an efficacious, Adenovirus based construct described herein
can be used to treat and inhibit infection of C. difficile, as well asthe side effects
of C. difficile infection (e.g., inflammation-induced hepatic tissue damage). The
Adenovirus based construct described herein encodes the C-terminal, highly
immunogenic non-enzymatic region of the toxin A protein expressed by C.

20 difficile (the SEQ ID NO:2 peptide). Even moderate doses of this construct
result in rapid and robust inductions of both humoral and cellular C. difficile
specific immune responses in mice. T cell responses were aso observed and
characterized. The datarelating to T cell responses indicates that the clusters of
immunogenic T cell epitopes described herein may contribute significantly to

25  immunity against C. difficile.
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All patents and publications referenced or mentioned herein are
indicative of the levels of skill of those skilled in the art to which the invention
pertains, and each such referenced patent or publication is hereby specifically
incorporated by reference to the same extent as if it had been incorporated by
reference in its entirety individually or set forth herein in its entirety. Applicants
reserve the right to physically incorporate into this specification any and all
materials and information from any such cited patents or publications.

The specific methods, devices and compositions described herein are
representative of preferred embodiments and are exemplary and not intended as
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limitations on the scope of the invention. Other objects, aspects, and
embodiments will occur to those skilled in the art upon consideration of this
specification, and are encompassed within the spirit of the invention as defined
by the scope of the claims. It will bereadily apparent to one skilled in the art that
varying substitutions and modifications may be made to the invention disclosed
herein without departing from the scope and spirit of the invention.

The invention illustratively described herein suitably may be practiced in
the absence of any element or elements, or limitation or limitations, which is not
specifically disclosed herein as essential. The methods and processes
illustratively described herein suitably may be practiced in differing orders of
steps, and the methods and processes are not necessarily restricted to the orders
of steps indicated herein or in the claims.

Asused herein and in the appended claims, the singular forms "a," "an,"
and "the" include plural reference unless the context clearly dictates otherwise.
Thus, for example, areference to "abioreactor” or "anucleic acid" or "a
polypeptide” includes aplurality of such bioreactors, nucleic acids or
polypeptides (for example, asolution of nucleic acids or polypeptides or a series
of nucleic acid or polypeptide preparations), and so forth. In this document, the
term "or" isused to refer to anonexclusive or, such that "A or B" includes "A
but not B," "B but not A," and "A and B," unless otherwise indicated.

Under no circumstances may the patent be interpreted to be limited to the
specific examples or embodiments or methods specifically disclosed herein.
Under no circumstances may the patent be interpreted to be limited by any
statement made by any Examiner or any other official or employee of the Patent
and Trademark Office unless such statement is specifically and without
qualification or reservation expressly adopted in aresponsive writing by
Applicants.

The terms and expressions that have been employed are used as terms of
description and not of limitation, and there is no intent in the use of such terms
and expressions to exclude any equivaent of the features shown and described
or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention as claimed. Thus, it will be understood that
although the present invention has been specifically disclosed by preferred
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embodiments and optional features, modification and variation of the concepts
herein disclosed may beresorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this
invention as defined by the appended claims and statements of the invention.

The invention has been described broadly and generically herein. Each of
the narrower species and subgeneric groupings falling within the generic
disclosure aso form part of the invention. This includes the generic description
of the invention with aproviso or negative limitation removing any subject
matter from the genus, regardless of whether or not the excised materia is
specifically recited herein. In addition, where features or aspects of the invention
are described in terms of Markush groups, those skilled in the art will recognize
that the invention is also thereby described in terms of any individual member or
subgroup of members of the Markush group.

The following statements of the invention are intended to describe certain

features of the invention.

STATEMENTS OF THE INVENTION:

1. A peptide antigen with an amino acid sequence comprising at least 15
contiguous amino acids of SEQ ID NO:2, and/or with an amino acid
sequence comprising 95% sequence identity to SEQ ID NO:2.

2. The peptide antigen of statement 1, with an amino acid sequence
comprising 95% sequence identity to any of SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ
ID NO:10, SEQ ID NO:ll, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO: 14 SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, or SEQ ID
NO:18.

3. The peptide antigen of statement 1or 2, with an amino acid sequence
consisting essentially of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14 SEQ ID NO: 15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, or acombination

thereof.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The peptide antigen of statement 1, 2 or 3, further comprising atoxin B
peptide antigen.
The peptide antigen of statement 4, wherein the toxin B peptide antigen
is apeptide comprising at least 15 contiguous amino acids of SEQ ID
NO:6 or SEQ ID NO:7 and/or has an amino acid sequence comprising
95% sequence identity to SEQ ID NO:6 or SEQ ID NO:7.
The peptide antigen of statement 4, wherein the toxin B peptide antigen
consists essentially of SEQ ID NO:7.
The peptide antigen of any of statements 4-6, wherein the SEQ 1D NO:2
peptide antigen and the toxin B antigen are separate peptide antigens.
The peptide antigen of any of statements 4-6, wherein the SEQ 1D NO:2
peptide antigen and the toxin B antigen are linked together.
A composition comprising an effective amount of the peptide antigen of
any of statements 1-9.
An expression cassette comprising anucleic acid encoding any of the
peptide antigens of any of statements 1-9 operably linked to
transcriptional regulatory element.
An expression cassette comprising anucleic acid encoding a combination
of any the peptide antigens of any of statements 1-9 operably linked to
transcriptional regulatory element.
The expression cassette of statement 10 or 11, wherein the transcriptional
regulatory element is selected from the group consisting of apromoter,
an enhancer, aterminator of transcription, or acombination thereof.
A composition comprising an effective amount of the expression cassette
of any of statements 10-12.
A vector comprising the expression cassette of any of statements 10-12.
The vector of statement 14, wherein the vector is aviral vector.
The vector of statement 14 or 15, wherein the vector is replication
incompetent viral vector.
The vector of any of statements 14-16, wherein the vector is an
adenovira vector.
A composition comprising an effective amount of the vector of any of
statements 14-17.
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20.
21.

22.

23.

24.

A method of treating or inhibiting infection of Clostridium difficile in a
mammal comprising administering the composition of any of statements
9, i3 or {8tothe mammal.

The method of statement 19, wherein the mammal is ahuman.

The method of statement 19 or 20, further comprising administering the
composition a second time.

The method of any of statements 19-21, wherein inflammation-related
damage of tissues is reduced the mammal relative to amammal who did
not receive administration of the composition.

Use of the composition of any of statements 9, 13 or 18 for treating or
inhibiting infection of Clostridium difficile ina mammal.

Use of an immunological composition comprising an effective amount of
areplication incompetent adenoviral vector adapted to express a
Clostridium difficile toxin A peptide having SEQ ID NO:2, or apeptide
with an amino acid sequence comprising 95% sequence identity to SEQ
ID NO:2 for treating or inhibiting infection of Clostridium difficilein a

mammal.

Other embodiments are described within the following claims.
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WHAT IS CLAIMED:

. An immunological composition comprising an effective amount of:

(@ aClostridium difficile toxin A peptide with a sequence selected from
the group consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
a sequence comprising 95% sequence identity to SEQ ID NO:2, or a
combination thereof;

(b) an expression vector adapted to express the Clostridium difficile toxin
A peptide; or

(c) acombination thereof.

. The composition of claim 1, wherein the expression vector is a

recombinant adenovirus, retrovirus, lentivirus, herpesvirus, poxvirus,

papilloma virus, or adeno-associated virus.

The composition of claim 1or 2, wherein the expression vector is a

replication incompetent adenoviral vector.

. The composition of any of claims 1-3, wherein the composition further

comprises an effective amount of a Clostridium difficile toxin B peptide
having SEQ ID NO:7; a second replication incompetent adenoviral
vector that is adapted to express a Clostridium difficile toxin B peptide
having SEQ ID NO:7; or acombination thereof.

. The composition of claim 3 or 4, wherein the adenoviral vector and/or

the second adenoviral vector is a serotype 5 human adenovirus.

. A method of treating or inhibiting infection of Ciosiridium difficileina

mammal comprising administering acomposition comprising:

(@ aClostridium difficile toxin A peptide with a sequence selected from
the group consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
a sequence comprising 95% sequence identity to SEQ ID NO:2, or a
combination thereof;

(b) expression vector adapted to express the Clostridium difficile toxin A

peptide; or

(c) acombination thereof.
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7. The method of claim 6, wherein the expression vector is a recombinant
adenovirus, retrovirus, lentivirus, herpesvirus, poxvirus, papilloma virus,

or adeno-associated virus.

8. The method of claim 6 or 7, wherein the expression vector is a

5 replication incompetent adenoviral vector.

9. The method of any of claims 6-8, wherein the composition further
comprises an effective amount of a Clostridium difficile toxin B peptide
comprising SEQ ID NO:7; a second replication incompetent adenoviral
vector that is adapted to express a Clostridium difficile toxin B peptide

10 comprising SEQ ID NO:7; or acombination thereof.

10. The method of claim 8 or 9, wherein the adenoviral vector and/or the

second adenoviral vector is a serotype 5 human adenovirus.

11. The method of any of claims 6-10, further comprising administering the

composition asecond or athird time.

15 12. A peptide antigen with an amino acid sequence comprising & least 15
contiguous amino acids of SEQ ID NO:2, and/or with an amino acid

sequence comprising 95% sequence identity to SEQ ID NO:2.

13. The peptide antigen of claim 12, with an amino acid sequence
comprising 95% sequence identity to any of SEQ ID NO:2, SEQ ID
20 NO:3, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ
ID NO:10, SEQ ID NO:ll, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO: 14 SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,

or acombination thereof.

14. An expression cassette comprising anucleic acid encoding the peptide
25 antigen of claim 12 or 13 operably linked to transcriptional regulatory

el ement.

15. The expression cassette of claim 14, wherein the transcriptional
regulatory element is selected from the group consisting of apromoter,

an enhancer, aterminator of transcription, or acombination thereof.
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16.

17.

18.

19.

20.

A vector comprising the expression cassette of claim 14 or 15.

The vector of claim 16, wherein the vector comprises arecombinant
adenovirus, retrovirus, lentivirus, herpesvirus, poxvirus, papilloma virus,

or adeno-associated virus.

The vector of claim 16 or 17, wherein the vector is replication

incompetent viral vector.

The vector of any of claims 16-18, wherein the vector is an adenoviral

Vector.

A composition comprising an effective amount of the vector of any of

clams 16-19.

55



WO 2013/082298 PCT/US2012/067091

1/12

T0TAL IgG 5 dpi, 1:10 DILUTION
0.6 1 X

0.5 1

0.4 I
0.5 1
0.2
0.1

00430

AS-Null Ad5—C.DIFFICILE=TA
Jig

T0TAL 1gG 7 dpi, 1:10° DILUTION

1.0 7
1.2 7
0.9 1
0.6
0.3 1

00 1T m ]
034 AD-Nul Ado-CDIFFICILE-TA

Vo,

X

00430




WO 2013/082298 PCT/US2012/067091

2/12

TOTAL 1g6 14 dp

00450

100 400 1600 6400
DILUTION” FACTOR

—0— AdS-Nul
—— AdS-C.DIFFICILE-TA

VA



PCT/US2012/067091

WO 2013/082298

3/12

8 8 08 8L 9L ¥

V4%

8 18 6/ [L G ¢/ | 69 BS@%BN@_@ 66 /6 €6 §G 16 6 [y G O Ol 6 [ GF ¢F 1§ 66 [0 G §¢ |0 6l L} Gl €1 I 6 L G ¢ |

95 4G (5 0 8 % b oy O 8 % if

U089y ()

£ 80 9¢ vl ¢c 00 8l 91 |

=06y

|
o <
Lo

SAAJONT TS 401 d3d 534S

=001

=061




PCT/US2012/067091

WO 2013/082298

4/12
291W dAIRU Ul

sasuodsal

g7 0y

pajenwisun

(21w paziunwuwi y1-spy ‘sapndad-y|
U}im paje|nwiiys) v uIxo) aj1a1jip 9 o) sasuodsau |92 |



*

**

PCT/US2012/067091

ek

**k

-ToxinA
m.L

5/12

-]

[E1

1 Naive

50

50+
2504 H Ad5

3

sajAoouajds 40| 12d 5H4S

WO 2013/082298

¥gd-¢/d
zld-19d
09d-6td
gd-zed
9¢gd-Gzd
yzd-glLd
¢Ld-1d

wisun

¥8d-¢2d
zld-19d
09d-6¢d
gtd-ed
9¢d-ged
¥gd-g1d
ZLd-1d

wisun

V¥

Bl Ad5-[E1-]-ToxinA

¥8d-g/d
¢ld-19d
09d-6¢d
gyd-sed
9¢gd-Gzd
¥zd-¢Ld
¢lLd-1d

wisun

¥gd-g2d
¢ld-19d
09d-6¢d
gyd-zed
9gd-gzd
¥ed-¢Ld
ZLd-Ld

wiisun

V%4



WO 2013/082298 PCT/US2012/067091

VLR
6#
LEH
Sc#
oc#
LZR
CG#
TGH#
SRV
€9#
ETH#
wrIsun

viL#

& #

LE#

SEH

oE#

L2

G

16# §
SPV S
Eo#

ET#

‘WY sUNn
vL#

6 #

LE#

9E#

ot#

LTH

SG#

16§

SPV

E9#

ET#
‘wrrysun

—l
-
)
<
g
©
<

B Ad5-[E 1-]-ToxinA

QO OO
1 W0 1
O W < ™

@
2
©
<
-1
=]
u

11

saj)looualds 40| 19d s94S



WO 2013/082298 PCT/US2012/067091

7/12

#
*%kkk

B Ad5-[E1-]- ToxinA

CINaive

6
LEE
se#
QE§
LTH#
aa§
16§
5O
€s§
ETH
TWTIsUn

sajlooua|ds 40| 12d s94S

I 1 1
= O o
o o
o N

—



WO 2013/082298 PCT/US2012/067091

8/12

vLE
&

LEF
SEF
oE
L2
GG
16#
5PY
€94
ET#
‘WwrRsun

TWTIsUN

LA

T M N

sajloous|ds 40| 12d sH48



PCT/US2012/067091

WO 2013/082298

9/12

W hed

co# epydad

Iy

Ty

Whoed

Xt opgdag

SHOD L LB0D.000 ANSLIO Y



WO 2013/082298 PCT/US2012/067091

10/12

©
% 80 - Ad5-Null
= =wm Ad5-C_difficile-TA
7y
00
c
S
= 40 —
)
o

20 e

0 20 40 300 500 700
Hours host challenge
Vo

= 100 —
2
> 80
-
¢) 60-
ot —
c
© 497 _a= Ad5-NuI 7
)
o

204 === Naive
‘ =A== AdS-C.difficile-TA
0 ﬁ

0 10 20 30 40 200 400

Vo



0 201

Peripoertal Inflammation

Portal Inflammation

88888888

!

31005 Uea |\

11/12

Total Inflammation

Lobular Inflammation

] [ 1
I L
Q o

S

S 5

-Lﬂ.g
=

< 3

-

p=0.14

1,

T
s
-
_
85
qu

p=0.11

:

-0
9102G UE3|\

Vv



PCT/US2012/067091

WO 2013/082298

12/12

paAIAINg
pajeundeaun




	abstract
	description
	claims
	drawings

