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H
ypothesis

•
B

ased on know
ledge of the im

portance of epigenetic regulation of the 
prom

oter region of the genes coding for T
h2 cytokines in hum

an 
asthm

atics and m
urine asthm

a m
odels, w

e w
ill investigate m

ethylation 
patterns in the analogous prom

oter region of the feline IL
-4, IL

-5 and IL
-

13 genes. 

Introduction
•

E
pigenetics is the study of heritable changes that alter gene expression 

w
ithout altering D

N
A

 sequence. It is a relatively new
 field of study, 

w
hich focuses on the relationship betw

een genetics and environm
ental 

influences on disease. 
•

Several studies have dem
onstrated a relationship betw

een m
ethylation 

status in the prom
oter region of several genes and the developm

ent of 
asthm

a in hum
ans and m

ouse m
odels. 

•
A

reas rich in a cytosine nucleotide follow
ed by a guanine nucleotide 

(C
pG

dinucleotides) can be found in gene prom
oter regions and are 

referred to as C
pG

islands. 
•

A
sthm

a is a chronic respiratory disease of the low
er airw

ays that is 
m

ediated by a T
 helper type 2 (T

h2) im
m

une response to inhaled 
aeroallergens. C

ats spontaneously develop allergic asthm
a and share 

sim
ilar pathological features as hum

ans, including eosinophilic airw
ay 

inflam
m

ation, airw
ay hyperresponsiveness

and airw
ay rem

odeling. 
•

C
urrently no research has been done to explore if epigenetic regulation 

present in hum
ans and m

ice translates to the cat. 
•

In hum
ans and m

ice, several genes for key cytokines that play a role in 
the T

h2 response have show
n differences in C

pG
island m

ethylation of 
the prom

oter region. (Figure 1)
•

In both hum
ans and in m

ouse m
odels of asthm

a, epigenetic changes at 
the prom

oter region of the gene for Interleukin (IL
)-13 have been 

detected in asthm
atics and correlate w

ith the severity of sym
ptom

s. 
•

Further, w
e w

ill explore the epigenetic regulation of cytokines IL
-4 and 

IL
-5 based on their role in the T

h2 im
m

une m
ediated response. 

R
esults

•
C

om
parison of hum

an, m
ouse and cat D

N
A

 show
ed differences in 

C
pG

island location and presence w
ithin the gene prom

oter regions.  
•

B
ased on the finding of C

pG
islands in IL

-13 as w
ell as IL

-5, w
e 

designed prim
ers to am

plify sequences that spans the C
pG

island 
found in each prom

oter region. (Fig. 5)
•

Further w
ork is needed to develop prim

ers to analyze IL
-13 using 

M
SP

and to am
plify the IL

-4 prom
oter region.

M
ethods

•
D

N
A

 sequence for feline IL
-4, IL

-5 and IL
-13 

prom
oter region w

as attained through the N
C

B
I 

N
ucleotide database 

(http://w
w

w
.ncbi.nlm

.nih.gov/nuccore) from
 a w

hole 
genom

e shotgun sequence of C
innam

on, an 
A

byssinian cat. 
•

M
averix

G
enom

e 
B

row
ser(https://w

edge.m
averixbio.com

) w
as utilized 

to detect any single nucleotide polym
orphism

s (SN
P

), 
w

hich have been identified from
 14 cats that have 

been sequenced in that database. T
hose SN

P
s, w

hich 
w

ere identified, w
ere excluded from

 prim
er design to 

decrease the likelihood of prim
er failure. 

•
C

pG
islands w

ere located using M
ethprim

er, a 
program

 that locates C
pG

islands in D
N

A
 sequence. 

•
M

ethprim
er

w
as used to design prim

ers for tw
o types 

of m
ethylation P

C
R

, M
ethylation-Specific P

C
R

 
(M

SP
) and C

om
bined B

isulfite-R
estriction A

nalysis 
(C

O
B

R
A

). 
•

B
isulfite C

onversion w
as perform

ed by treating D
N

A
 

w
ith bisulfite. (Fig. 2) 

•
B

isulfite converted D
N

A
 is used in C

O
B

R
A

 and M
SP

. 
(Fig. 3)  

•
A

 tem
perature gradient P

C
R

 w
as conducted to 

determ
ine the optim

al annealing tem
perature for each 

prim
er in order to ensure reproducibility of the P

C
R

 
and optim

ize the P
C

R
 product. (Fig. 4)

•
Splenic D

N
A

 w
as used in all initial P

C
R

 tests. D
N

A
 

w
as extracted using an alcohol extraction m

ethod and 
w

as used for the developm
ent of the prim

ers and P
C

R
 

protocol for IL
-4, IL

-5 and IL
-13.

Figure 1. Several prom
oter regions for T

h2 cytokine genes including IL
-4, IL

-5 and IL
-13 w

ere com
pared across hum

an, m
ouse 

and cat to look for the presence of C
pG

islands using M
ethP

rim
er

softw
are. C

pG
islands w

ere identified as areas that have a greater 
than expected ratio of cytosine and guanine as w

ell as at least 50%
 of the sequence consisting of guanine-cytosine pairs. T

here w
ere 

differences in the presence of C
pG

islands in all species suggesting that the cat w
ill have specific and different patterns of 

m
ethylation than the hum

an and m
ouse.  

Future D
irections

•
E

pigenetics is a rapidly grow
ing field of research and w

ill have 
im

portant clinical applications. 
•

C
urrently, the diagnosis of asthm

a in feline patients has presented 
considerable challenges. T

he identification of specific m
ethylation 

profiles in asthm
atic cats could lead to the developm

ent of a non-
invasive diagnostic tool. 

•
D

eterm
ining the role of epigenetic regulation in asthm

a w
ill increase 

understanding of the pathogenesis and expand future research 
avenues for novel therapeutics. 

D
evelopm

ent of a N
ovel PC

R
 Protocol to Study E

pigenetic R
egulation 

of IL-4, IL-5 and IL-13 in C
ats

Hum
an

Feline
M
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IL-13

IL-5

IL-4

Figure 2. D
N

A
 is treated w

ith bisulfite w
hich w

ill convert 
unm

ethylated
cytosine to uracil. In subsequent P

C
R

 am
plification, a 

thym
ine w

ill be incorporated in place of the uracil in the am
plified 

sequence. M
ethylated cytosine w

ill rem
ain unconverted. 

Figure 3. B
oth C

O
B

R
A

 and M
SP

 are run w
ith bisulfite converted D

N
A

. 
C

O
B

R
A

 uses restriction enzym
es to distinguish differences in 

m
ethylation w

ithin the sequence of interest by only cleaving at sites of 
m

ethylation. M
SP

 prim
ers used for P

C
R

 are designed to include C
pG

dinucleotides close to their 3’ ends. P
rim

ers are designed to am
plify 

either m
ethylated C

pG
or unm

ethylated
C

pG
after bisulfite conversion 

to T
pG

, but not both. If product is form
ed and a band is seen w

hen 
using the m

ethylated-specific prim
ers that w

ould indicate that the 
sequence w

as m
ethylated; conversely, a band w

ould not be expected 
w

ith use of the unm
ethylated-specific prim

ers and vice versa. 

Figure 5. P
C

R
 products w

ere generated w
ith prim

ers designed to 
am

plify an area w
ithin a C

pG
island in the prom

oter region of feline IL
-

13 and IL
-5. T

w
o different prim

er sets w
ere used to generate the 

products show
n for IL

-5.

IL
-13

IL
-5

Figure 4. P
C

R
 w

ith an annealing tem
perature gradient 

of 53-63 degrees C
elsius w

as perform
ed to determ

ine 
the optim

al annealing tem
perature for the prim

ers 
used. For this prim

er pair the optim
al annealing 

tem
perature w

as determ
ined to be 61 degree C

elsius. A
 

gold arrow
 points to the expected product. 
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