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Sal
iva

 in
 

com
par

iso
n with

 

gin
giv

al 

cre
vic

ula
r fluid

 

(GC
H: 

va
lua

ble
 

flui
d for the 

dia
gn

osi
s. Sal

iva
 

col
lec

tio
n is

 
less 

doe
s not clo
t 

no
nin

va
siv

e, safe
, and eas

y. 

Sal
iva

 is
 

also
 

eas
ier 

to
 

han
dle

 

dur
ing

 
dia

gn
ost

ic 

Sal
iva

 in
 

co
mp

ari
son

 

with
 

ser
um

': 

tec
hn

olo
gie

s are 
turm

ing
 

sal
iva

ry 

dia
gno

stic
s into

 a 
clin

ica
l and 

com
me

rcia
l 

rea
lity

. Now 

a 
day

s, the 
im

pro
ved

 

efi
cie

nc
y and 

acc
ura

cy of
 

gen
om

ic and 

pro
teo

mi
c 

bio
ma

rke
r 

dis
cov

ery
 and low cost

 for 
sub

seq
ue

nt 

cli
nic

al 

ap
pli

cat
ion

. 

A
 

good
 

dia
gn

ost
ic 

me
tho

d 

sho
uld

 

have
 the 

ch
ara

cte
ris

tic
s of

 
high

 

sen
siti

vit
y, 

spe
cif

ici
ty,

 

po
rta

bil
ity

, 

syst
emi

c heal
th 

inc
lud

es 

the
rap

eu
tic

, 

hor
mo

nal
, 

im
mu

no
log

ic, and 
tox

ico
log

ica
l 

mo
lec

ule
s, 

whi
ch can 

pro
vid

e vita
l 

clue
s to

 

ind
ica

tor
 of

 
hea

lth not just 

in
 

the oral 

near
 

fut
ure

, 

hum
an 

sali
va cou
ld 

bec
om

e 

a 
rel

eva
nt 

dia
gn

ost
ic 

flu
id'.

 who
le 

sal
iva

 and 

ge
ne

tic
/ph

ys
iol

og
ica

l 

va
ria

bil
ity

. O
n 

this 

In
tro

du
ct

io
n 

Ke
yw

ord
s: 

Pe
rio

do
nta

l 

dis
eas

e, 

Sa
liv

ary
 

Bi
om

ark
ers

, 

dia
gn

os
tic

 -
ch

air
sid

e 

test
s. 

inf
ec

tio
us

 
dis

eas
es.

 
cha

nge
 in

 

dis
eas

e 

dia
gn

osi
s and 

cli
nic

al 

mo
nit

ori
ng

. It
 

has 

exp
and

ed into
 

de
tec

tio
n of

 
can

cer
, 

hea
rt and He
nce

, 

tod
ay in

 
the era of

 
na

no
tec

hn
olo

gy
 and 

gen
om

ics
, 

fiel
d of

 
sal

iva
ry 

dia
gn

os
tic

s is
 

pro
nm

isin
g 

a 
dra

ma
tic

 

nm
itig

ate
d to

 
an

 
un

pre
dic

ted
 

dis
tan

ce due to
 

the 
de

ve
lop

me
nt of

 
inc

rea
sin

gly
 

sen
siti

ve
 

det
ect

ion
 

tec
hn

iqu
es.

 

cal
ciu

m 

lev
els

 

wer
e 

fou
nd 

to
 

be
 

ele
va

ted
 in

 
cys

tic 

fib
ros

is 

pa
tie

nts
, and 50

 
yea

rs 

sin
ce then

 how the 
fiel

d has valu
e to

 
both

 

den
tist

s and 
pa

tie
nts

. The fiel
d of

 
sal

iva
 

dia
gn

ost
ics

 

(SD
s) 

beg
an 

in
 

the 
ear

ly 60s whe
n 

sal
iva

ry 

acc
ura

te 

pre
dic

tiv
e 

inf
orm

ati
on

 and 

ena
ble

s 

rel
iab

le 

ev
alu

ati
on

 of
 

pe
rio

do
nta

l 

dis
eas

e 

sta
tus

 

wou
ld be

 
of

 
gre

at eff
ici

en
t 

me
tho

d for 

ear
ly 

dia
gn

os
is.

 

No
wu

da
ys,

 

cli
nic

al 

ch
air

sid
e test
s are 

dia
gn

ost
ics

 and 

tre
atm

en
ts.A

 

sim
ple

 and 

no
n-i

nv
asi

ve
 

dia
gn

ost
ic tool that 

allo
ws rap
id 

scr
een

ing
. 

pro
vid

es 

ind
ex,

 

ble
ed

ing
 on

 
pro

bin
g and 

rad
iog

rap
hic

 

ass
ess

me
nt of

 
alv

eo
lar

 

bon
e loss
, are not 

ne
ce

ssa
rily

 the mos
t 

(di
ag

no
sti

c 

tes
ts).

 

Tr
ad

itio
na

l 

dia
gn

ost
ic 

me
asu

res
, such
 as

 
pe

rio
do

nta
l 

poc
ket

 

dep
th, 

att
ach

me
nt lev
el. 

pla
que

 

the 
ear

ly 

ons
et of

 
dis

eas
e 

(pr
og

no
sti

c 

test
s) or

 
ev

alu
ati

ng
 the 

dis
eas

e 

act
ivi

ty and the 
eff

ica
cy of

 
her

apy
 

tre
atm

ent
. It

 
has been

 a 
gre

at 

cha
llen

ge 

in
 

pe
rio

do
nto

log
yto

 

det
erm

ine
 

bio
ma

rke
rs for 

scr
een

ing
 and 

pre
dic

tin
g 

per
iod

on
tol

og
y. New 

Ho
rizo

n 
De

nta
l 

Co
lleg

e) 

Dr
.Yo

ges
h 

Go
sw

am
i', Dr. 

Ric
ha Sa
liv

ary
 

Bi
om

ar
ke

rs-
A

 

Re
vie

w of
 

Po
we

rfu
l 

ww
w.

ios
rjo

urn
als

.or
g e-JS

SN
: 

22
79

-0
85

3, 
IOS

R 

Jo
ur

na
l of

 
De

nta
l and 

M
ed

ica
l 

Sc
ien

ce
s 

(1O
SR

-JD
M

S)
 

tec
hn

iqu
e-s

en
siti

ve
 than
 

GCF 

col
lec

tio
n. This

 

mak
es 

sali
va 

a 
po

ten
tia

lly
 

pro
ced

ure
s than

 

bloo
d 

bec
aus

e it 

dis
eas

e 

bio
ma

rke
rs, 

rib
on

ucl
eic

 acid
 

(RN
A),

 and 
deo

xy
rib

on
ucl

eic
 acid
 

(DN
A),

 and the 
col

lec
tio

n 

met
hod

 is
 In

 
dia

gn
os

tic
s, 

sal
iva

 is
 

an
 

ex
cel

len
t 

alt
ern

ati
ve

 to
 

seru
m sinc

e it 
con

tai
ns 

suf
fic

ien
t 

qu
an

titi
es of

 

cav
ity but 

thr
ou

gh
ou

t the 
bod

y". The 

mo
lec

ula
r 

com
po

siti
on

 of
 

sali
va 

to
 

be
 

exp
lor

ed for 
hea

lth and 

dis
eas

e 

su
rve

illa
nc

e.S
ali

va
 is

 
said

 to
 

be
 

a 
"m

iro
r of

 
the body

 

bec
aus

e it is
 

an
 

no
nin

va
siv

e 

me
ans

 is
 a 

hig
hly

 

de
sir

ab
le goa

l in
 

hea
lth care

 

pro
mo

tio
n and 

del
ive

ry.
 

Sal
iva

 is
 a 

per
fec

t 

me
diu

m 

The 

ab
ilit

y to
 

mo
nit

or 

hea
lth 

sta
tus

, 

dis
eas

e 

ons
et, 

pro
gre

ssi
on

, and 

tre
atm

en
t 

ou
tco

me
 

thr
ou

gh
 

bas
is, 

it is
 

not too 
op

tim
isti

c to
 

bel
iev

e that
 in

 
the (mo

re than
 

240
0 

pro
tein

 

com
po

nen
ts have

 
been

 

ch
ara

cte
riz

ed
) both

 in
 

erm
s of

 
co

mp
osi

tio
n, 

co
ntr

ibu
tio

ns
 

Re
cen

tly
, 

sev
era

l 

pro
teo

mi
cs 

stu
die

s 

co
ntr

ibu
ted

 to
 

the 
par

tial
 

elu
cid

ati
on

 of
 

the 
sal

iva
ry 

pro
teo

me
 

dia
gn

os
is and 

mo
nit

ori
ng

, as
 

well
 as

 
an

 
ult

im
ate

 

dia
gn

os
tic

 

me
diu

m to
 

est
ab

lis
h 

a 
per

son
 's

 
res

po
nse

 to
 

also
 

fou
nd 

in
 

blo
od,

 

the
ref

ore
 it 

en
ph

as
ize

s 

sal
iva

 's
 

im
po

rta
nc

e as
 

an
 

add
ed 

bio
log

ica
l 

res
ou

rce
 for 

dis
eas

e also
 

fou
nd 

in
 

hum
an 

sal
iva

. It
 

con
sis

ts of
 

ap
pro

xim
ate

ly abo
ut 

2,0
00 

pro
tei

ns,
 and 26% of

 
the

se 

pro
tei

ns are 

our 

mo
uth

, but it 
mi

rro
rs our bod

y 's
 

hea
lth

 and 

we
ll-

be
ing

. 

Bi
om

ole
cu

les
 

that
 are 

cir
cu

lat
in

g in
 

the 
blo

od are 

tre
atm

en
t 

red
uce

s the 
sev

eri
ty and 

po
ssi

ble
 

co
mp

lic
ati

on
s of

 
dis

eas
e 

act
ivi

ty.
 

Hum
an 

sal
iva

 is
 

not just
 a 

flu
id in

 

Ab
str

ac
t: 

Ea
rly

 

de
tec

tio
n of

 
any 

dis
eas

e 

pla
ys an

 
im

po
rta

nt role
 in

 
su

cc
ess

ful
 

tre
atm

en
t. 

Ear
ly 

dia
gn

os
is and 

IUse for mor
e 

pre
cis

e 

mo
lec

ulu
r 

Or
tho

do
nti

cs,
 

C.D
.C.

RI
, 

Ind
ia) 

(D
ep

art
me

nt 

of
 

Or
tho

do
nti

cs,
 New 

Ho
rizo

n 

De
nal

 

Co
lleg

e) 

(D
ep

art
me

nt 

of
 

"(D
ep

art
me

nt 

of
 

Pe
rio

do
nto

log
v 

&i
mp

lan
tol

og
y, 

Hi
tka

rin
i 

De
nta

l 

Co
lleg

e, 

ndi
a) 

(D
ep

art
me

nt of
 

Mi
shr

a",
 Dr. 

Ab
ha

y.P
.A

gra
wa

lP,
 

Dr. 
La

van
ya.

 A
. 

Ag
raw

al"
 

Di
ag

no
sti

c tool
 

p-I
SS

N:
 

22
79

-08
61

. 
Vo

lum
e 14, 

Issu
e 

3 
Ver.

 VIl 
(M

ar. 

201
5),

 PP
 

80-
87 
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Va
rio

us 

Sa
liv

ary
 

Bi
om

ark
ers

 O
f 

Pe
rio

do
nta

l 

Dis
eas

e 

M
uc

ins
 

Pe
ro

ac
da

e 

Os
teo

po
na

n H
sta

tin
 

K
al

kk
re

a 

O
st

eo
ec

tt
a 

A
lp

ha
-g

lu
co

da
se

 

G
el

at
as

e 

O
st

eo
ca

lc
a 

CRP
 

Fa
br

om
ec

ta 

M
ya

lo
pn

en
da

se
 Ls
te

ra
se

 

B
et

a-
uc

ur
o©

as
e 

B
et

a-
gu

co
sid

a 

Fa
ct

or
 

E
e
a
l ro

t 

N
N

P-
3 AIA

PS,
 

AM
P-9

 

Py
rd

me
 

P
r
e
e
N

ls
S

 

B
et

a-
ab

et
o

d
ae

 

M
P 3

 
L

po
sy

ne
 

|A
DP

 1
, 

AA
P2

, 

PA
NS

 

Po
ly

op
hi

ni
 

A
m

in
op

ep
ti

de
 

Pe
oh

ae
s 

TNP
 

Pr
el

a 

A
in

o
tr

an
:f

ra
se

 
A

lk
al

hs
e 

A
sp

ar
te

 
pho

sph
ata

s 

Lc
ta

 
de

by
da

of
m

 

D14 

IL-
10 

po
ly

no
rp

b1
s 

B
S

ca
pa

n Ne
thy

l 

Po
ly

ro
m

ns
 

L
to

tr
an

sf
er

ni
n 

po
ly

m
or

ph
is 

H
yd

ro
gn

 

ye
pl

ar
m

a 

G
tr

as
el

ip
ae

 
Ca

pr
yla

0e
 

Ld
of

eri
n Ac

id 
pb

on
ph

ata
se

 

au
ta

b
o

n
 

Co
llb

se
e pne
 

C
or

is
ol

 

C
al

o
b

ac
tr

 

La
mo

no
 

du
bh

as
 

C
al

pr
oe

ca
 

K
ii

na
se

 

P
ro

te
ek

 
B

ie
m

ar
en

 

m
ut

ah
on

 
C

at
be

pn
 

C
 

D
e 

b
lo

sr
v

r 
M

ere
ba

l 

O
th

er
 

Cl
as

sif
ic

at
io

n o
f 

Bi
om

ar
ke

rs
" 

The 

sal
iva

ry 

bio
ma

rke
rs have

 

been
 

cla
ssi

fie
d into 

Pro
teo

mi
c, 

gen
om

ic and 
mi

cro
bio

log
ica

l 

bio
ma

rke
rs"

. used
 as

 
bio

ma
rke

rs for 
tra

nsl
ati

on
 and 

clin
ica

l 
ap

pli
cat

ion
s'. dis
ca

ses
. It

 
is

 
an

 
inf

or
ma

tiv
e bod
y 

flui
d 

co
nta

ini
ng

 an
 

arra
y of

 
an

aly
e 

(P
rot

cin
, 

mR
NA

 and 

DN
A) that

 can be
 

Rol
e of

 
Sa

liv
ary

 

Bi
om

ark
ers

 in
 

dia
gn

os
is of

 
Ora

l and 

Sy
ste

mi
c 

dis
eas

es 

10. 
Di

ag
no

sis
 of

 
Oral

 
Di

sca
se with

 

Re
lev

an
ce for 

Sy
ste

mi
c 

Di
sca

ses
 

9.
 

Ora
l 

di
sc

as
es

 
8.

 7.
 

Bon
c 

tur
no

ve
r 

ma
rke

r in
 

sal
iva

 

6.
 

M
on

ito
rin

g of
 

lev
cls

 of
 

dru
gs 

S.
 

M
on

ito
rin

g of
 

lev
cls

 of
 

ho
rm

on
cs 

4.
 

In
fe

cti
on

 
3.

 
M

ali
gn

an
cy

 
2.

 
A

ut
oi

m
m

un
c 

dis
ca

se
 

1.
 

He
rcd

ita
ry 

dis
cas

e 
Sa

liv
ary

 

ana
lys

is can be
 

done
 for the 

dia
gn

osi
s of

 
the 

Sa
liv

ary
 

Bi
om

ark
ers

-A
 

Rev
iew

 of
 

Po
we

rfu
l 

Di
ag

no
stic

 tool
 

B
lo

m
rk

er
s 

Ce
m

om
ic 

and 

sal
iva

 are the mos
t 

wid
ely

 

stu
die

d bod
y 

flui
ds they

 

con
tain

 

rel
iab

le 

bio
ma

rke
rs for oral

 and 

sys
tem

ic 

Til dat
e, mos
t of

 
the 

bio
ma

rke
rs have

 

been
 

ide
nti

fie
d from

 

var
iou

s bod
y 

flu
ids

. 

Am
ong

 

whi
ch bloo

d 

Fo
rcn

sic
 

Ev
ide

nc
c 

fol
low

ing
 

con
dit

ion
s 
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canc
er' , 

per
iod

on
tal

 

dis
ca

ses
, 

car
dio

va
scu

lar
 

work
 for 

ide
nti

fyi
ng

 uhe 
pro

tcin
s 

pre
sen

t in
 

gla
ndu

lar
 

sa
liv

a."
0 

ma
gn

cti
c 

res
on

an
ce

, MS, 

im
mu

no
ass

ay
, and 

lec
tin 

pro
be 

an
aly

sis
 

hav
e 

becn
 

wid
ely

 

used
 in

 
sal

iva
 

pro
teo

me
 

Tr
ad

itio
na

l 

cod
ing

 

gen
es and 

reg
ula

tes
 

pro
tein

 

tra
nsl

ati
on

 

thr
oug

h an
 

RN
A-

ind
uc

ed
 

sile
nci

ng
 

com
ple

x 

(R
IS

T)
'. 

-50
) was 

dis
co

ve
red

 in
 

WS. 

Un
like

 

mR
NA

, 

miR
NA

 

con
sis

ts of
 

18-
24 

nu
cle

oti
de

s 

tra
nsc

rib
ed

 

from
 

no
n-p

rot
ein

 

me
sse

ng
er 

RNA
s 

(m
RN

AS
) are 

ide
nti

fie
d in

 
cel

l-f
ree

 

WS. Mo
st 

rec
en

tly
, the 

pre
sen

ce of
 

mi
cro

RN
A 

(m
iRN

A;
 

tra
ns

cri
pto

me
 

(RN
As

) has becn
 

dis
co

ve
red

 

usin
g 

mi
cro

arr
ay

 

pro
ffl

ing
 in

 
rec

cnt
 

yea
rs and 

ap
pro

xim
ate

ly 300
0 

pro
teo

me
 of

 
hum

an 

min
or 

sal
iva

ry 

glan
d 

sec
ret

ion
 

sho
we

d 56
 

pro
tei

ns"
. 

Mor
e 

su
rpr

isi
ng

ly,
 the 

sal
iva

ry 

su
br

na
nd

ibu
lar

/su
bli

ng
ua

l 

duc
tal 

sal
iva

, 

with
 

S7% of
 

thes
e 

pro
tein

s 

pre
sen

t in
 

both
 

gla
nd

ula
r 

sal
iva

". The pro
tein

s in
 

the 
ma

jor 

sal
iva

ry 

glan
d 

sec
ret

ion
s, of

 
whi

ch 914 are 
rec

ov
ere

d from
 

par
oti

d and 917 from
 

Pr
ot

eo
m

ic
 

B
io

m
ar

ke
rs

 
eas

ier than
 

cha
nn

els
, and larg
e 

pro
tein

s are 
tra

nsp
ort

ed
 via 

pin
oc

yto
sis

". wat
er and 

ele
ctr

oly
tes

 

pass
 

thro
ugh

 the 
por

es of
 

aci
nar

 

cel
ls. 

Va
rio

us 

pep
tid

es in
 

bloo
d 

mov
e 

thr
oug

h 

pro
tein

 sal
iva

 as
 a 

dia
gn

ost
ic 

flui
d. 

Lip
op

hil
ic 

mo
lec

ule
s such

 as
 

ste
roi

d 

ho
rm

on
es 

pa
ssi

ve
ly 

dif
fus

e into
 

sal
iva

, 

wh
ile blo

od.
 

How 

mo
lec

ule
s of

 
blo

od 

tra
ns

po
rt in

 
sal

iva
 

may also
 be

 
im

po
rta

nt for 
su

cc
es

sfu
l use of

 

sug
ge

sts
 that
 

de
tec

tin
g 

Sa
liv

ary
 

Pr
ote

om
ic 

An
aly

sis
 

3.
 

Tr
an

sc
rip

tom
e 

an
aly

sis
 

1.
 

Pro
teo

mi
c 

an
aly

sis
 

2.
 

Ge
nom

ic 
ana

lys
is 

ap
pli

ca
tio

ns
 in

 
clin

ica
l 

uti
lity

 for 
fol

low
ing

s: 

The wid
e 

con
tin

uu
m of

 
mo

lec
ule

s 

pre
sen

t in
 

sal
iva

 

pro
vid

es 

val
uab

le 

me
tall

opr
otc

ina
se.

 
act

iva
tor

 of
 

NF
-<B

 

lig
and

; 

cro
s-l

1n
ks of

 
type

 I 
col

lbg
en 

C-
tel

op
ep

tid
e 

py
idu

sol
ine

 Pe
rax

jda
se 

Tu
mo

r 
ne

To
sis

 
fac

tor
-a 

TIM
Ps 

B
 

C-e
rmu

nal ype 
I 

coll
age

n 

ielo
pep

tide
 

Hs
zli

n MIP
 la

 

Ala
mi

ne 
an

in
ot

ra
ns

fe
ra

se
 

RA
NK

L 

La
cto

fer
in D-6 

As
par

tate
 

am
uno

t 

SP
AR

C/
os

teo
ne

c h
n Ly

soz
me

 

1-1B
 

AM
P.9

 

Os
teo

ca
lc1

 

Nu
cns

 C
-

rea
ctiv

e 
pro

tein
 

A0
P-&

 

Ou
eo

pro
teg

ein
 

Inm
uso

glo
bul

as 

DJ
ucu

ron
das

e 

a2-
ma

cro
glo

b1d
in 

Alk
alin

e 
plo

sph
ata

se 

DE
\TA

L 
BI

OF
IL

\I 

IN
FL

AM
M

AT
OR

Y 

DR
LA

RD
oW

N 
CO

LL
AG

EN
 

DON
E 

RE
M

OD
EL

LI
NG

 Sa
liv

ary
 

dise
case

 and 
Sjö

gre
n's

 
syn

dro
me

.", cur
rcn

t 
sal

iva
ry 

pro
teo

mi
c and 

tra
ns

cri
pto

mi
c 

kn
ow

lcd
ge

 for 
bio

ma
rke

r 

dis
co

ve
ry 

in
 

the 

arc
as of

 
oral

 and 
brc
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In the past few ycars, multiplex biomarker dctcction systems have emerged through remarkable 
progress in the development of lab-on-a-chip (LOC) and point-of-care (POC) technologics."The goal of thesc 
cfforts is to build automated, miniaturizcd, and multiplexcd platforms for rapid assays and readout. In general, 
the principles of conventional ELISA and/or nucleic acid hybridization is applicd ofen with cither 
clectrochcmical scnsors or a microbead reactor.24,25 

Salivary Biomarkers-A Review of Powerful Diagnostic tool 

The Texas/Kentucky Saliva Diagnostics Consorlium is at the forefront of developing 3-D bead 
saliva/oral fluid diagnostics for cardiovascular, cancer, and periodontal discases. 2, 

Salivary proteomics for existing periodontal disease (PD) 
Interlckin-1ß (IL-1B) is a proinflammatory cytokine that stimulates the induction of adhesion molecules 

and other mediators which in turn facilitate and amplify the inflammatory response. Its levels correlaled 
significantly with periodontal paramcters after adjusting for the confounders, Moreover, combined levcls of IL 
Iß and matrix metalloproteinase (MMP)-8 incrcased the risk of experiencing PD by 45 folds." 

MMPs, MMP-8, a key cnzyme in extracellular collagen matrix degradation, derived predominantly 
trom PMNs during acutc stages of PD. Its prescnce significantly increased the risk of PD (odds ratios in the 
11.3-15.4 range). MMP-1 (interstitial collagenase) also appeared to be activated in periondontitis". 
Additionally, higher levcls of other MMPs, including MMP-2, MMP-3 and MMP-9, were also reported in the 
saliva of periodontitis patients." 
Salivary proteomics for dental caries (DC) 

Salivary proteins play a significant role in maintaining the oral hcalth and prevent caries as stated by 
Mazengoet al".A significant amount of salivary phosphopeptides (PRPI/3, histatin-1 &statherin) were 
associated with the absence of DC, emphasizing the importance of these peptides in the maintenance of tooth 

integrity. 26,28 

In a recent study on early childhood caries, it was found that, a higher number of proline-rich protein 
bands significantly corrclated among carics free subjccts, substantiating the protcctive role of this protein, also a 
higher number of glycoprotein bands were observed in the WS of subjects with carly childhood carics". 

Salivary proteases as biomarkers for premalignant and malignant oral lesions 
Unfortunately, clinicians now lack tests which casily and reliably distinguish pre-malignant oral lesions 

from those already transitioned to malignancy. Bioin formatics analysis of exfoliated epithelial cells from 
subjects saliva revealed incrcased myosin and actin abundance in malignant lesions as confirmed by western 
blotting. These findings provided a promising starting point for the development of non- invasive and 
incxpensive salivary tests to reliably detect oral cancer at an carly stage. 
The role of protcomics in salivary gland ncoplasm has becn studicd by Nakashima et al. Investigated the 
adenoid cystic carcinoma and detected 4 up-regulated and S down-regulated proteins", one study showed that 
there is an important relationship between some proteins, such as tran sketclase, dimlp, v-ha-ras oncogene, type I collagen pro alpha, tumor necrosis factor (ligand) superfamily member 4, Pirin and tumor metastasis.The 
same Authors also investigated the differential expression of proteins in adenoid cystic carcinoma with lung 
metastasis and found that transketolase, modulator recognition factor 2, dimlp homolog, splicing factor 
(arginine/serine- rich 9) and v-ha-ras I oncogene were all hypoexpressed in poorly metastatic tumors and 
significantly upregulated in highly metastatic tumors. 

Oral Fluid-based Lab-on-a-chip testing for detection of Acute myocardial infarction (AMI) 
Coronary artery disease (CAD), a major component of cardiovascular diseases, causes 1 of every 5 

deaths in the US in 2004. The survival by AMI is dependent on carly dagnosis and emergency intervention and 
it is key for good prognosis'. 

Currently, clectrocardiogram (ECG) is standard equipment in emergency medical services (EMS) and 
is used as a diagnostic standard for emergency triage of patients with chest pain and/or unconsciousness. A 
typical ECG abnormality for an AMI is an ST segment elevation. Unfortunately, ECG alone only identifies ~35 
% of all AMI cases admitted to the emergency department (ED) and misses the remaining 6S%, that do not 
Cxhibit the characteristic ECG changes. The triage of potential AMI cases in the ED depends on supplemental 
blood (esting that oten includes cardiac troponins T and I (CTnT, cTal), creatine kinases-MB (CK-MB), total 
CK and myoglobin (MYo"However, these tests are, invasive and limited to the clinical aboratory setting and 

the few thát have been developed for POC testing lack the analytical and clinical sensitivity and specificity to 
efficiently diagnose AMI".So there is ncd to have a non-invasive test with the required analytical and clinical 
performance that could be uscd in an ambulance setting to minimize the time from diagnosis to treatment of 
AMI patients. Saliva presents itselfas an ideal fluid in this situation. 

A study has been donc to cvaluate the potential use of AMI biomarkers in saliva by collecting 
unstimulated whole saliva within 48 hours from more than 80 patients with a definitive diagnosis of AMI and 
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comparcd with 80 healthy controls and assaycd for 21 cardiac related proteins using conventional 
methodologics, such as LUMINEX, ELISA and Beckman Access instrumentation. Data gathered to demonstrate 
cardiac biomarkers/protcins such as C-rcactive protein (CRP), myclopcroxidase (MPO), interleukins, matrix 
mctallo-pcrteinasc-9 (MMP-9), and ccllular adhesion molccule-1 (slCAM-1), can be detected in saliva samples 
but, most importantly, demonstrated a capacity to differentiate healthy controls from AMI patients. Strikingly, it 
was showed, that AMI diagnosis was greatly improved with a combination of the ECG and AMI proteins in 
saliva", 

Salivary Transcriptome analysis: 
The Salivary Transcriptome (ST) offers an additional valuable resource for disease diagnostics. The 

irst repor of the ST demonstrated that the normal ST consists of about 3,000 mRNAs. Of particular importance 
is that of the 3,000 mRNAs, 1 80 are common between healthy subjects, constituting the normal salivary 
transcriptome core (NSTCY". 

To demonstrate the diagnostic and translational potential of the ST, the UCLA group prolfiled and 
analyzcd saliva from patients with oral cancer. Four gencs from the NSTC (L-8, omithine decarboxylase, 
spermidineacetyltransferase and IL-1) were able to discriminate and prcdict, whether the saliva sample was from 
a patient with cancer or from a healthy subjects, with a sensitivity and specificity of 91%. The behavior of these 
ST biomarkers is consistent and their levels are significantly higher in saliva of patients with oral cancer 
compared to control subjects. 

Development of Technologies for Saliva-Based Diagnostics 
In 2002, NIDCR initiated a research effort in the area of salivary diagnostics, and progress is being 

made toward developing technology viable systems that are suitable for commercialization. NIDCR funded 
seven awards for the development of microfluidics and microclectromechanical systems (MEMS) for salivary 
diagnostics. 

NIDCR"-funded salivary diagnostic technology development and 
salivary proteome research groups. 
SALNARY DAGNOSTK TEONOLOGY DEVELOPMENT 
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Eric Anslyn, PhD 
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Commercially Available Saliva Tests 
Two U.S. companies werc carly pioncers of oral diagnostics: Epitopc, Inc. and Saliva Diagnostic 

Systems, Inc. They both commercialized saliva collection devices in the carly I990s, and in 1996 the Food and 
Drug Administration (FDA) approved Epitopc's Orasurc HIV test, the first test that used oral fluid to tcst for an 
infectious diseasc. The OraQuick HIV test, which takcs only 15 minutes to detect the HIV antibodics in saliva 
via mouth swab. 

Several companics outside the U.S. have commercial tests to detct drugs-of-abuse in a spit sample. 
including Cozart Biosciences, Securetec, and Mavand. Some of these companies send their kits via regular mail 
to customers, allowing individuals to collect their own saliva cither in a cup or with a swab and then send the sample to a laboratory for analysis. Other tests target DNA saliva. Canada-bascd DNA Genotek was the first 

company to commercializea broad range of saliva collection tools for genotyping bascd on PCR, microarays, and sequencing. Oral DNA Labs, a subsidiary of Quest Diagnostics, also offers two salivary tests in the U.S. in 
its CLIA-approved testing facility. My PerioPath is a DNA test that determines the risk of periodontal infections 
by detecting bacterial pathogens in saliva. OraRisk HPV is a salivary test that determines an indi vidual's risk of 
developing HPV-related oral cancers. It identifies various HPV genotypes, including HPV 8, 11, 16, and 18. 

OraQuick, ADVANCE/Rapid HIV-1/2, Orasure HIVI, Periogard, Micro-plate EIA, ZRT Saliva Test, 
SALIVASCREEN S Professional, .E.D. Saliva Alcohol Test arc a few of the cxamples of such commcrcially 
marketed chair side kits.' 

PRODtCT NAIE 

Various Products and Their Uses for Measuring Salivary Biomarkers 

MyPerioD 

My PerioPath 

35 

Oral Fluid NanoSensor Test 

Electronic Thste Chips 

Salivary Biomarkers-A Review of Powerful Diagnostic tool 

OraQuick 

PURPOSE 
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identifies the type and concentrat1on of the specific bactera that cause penodontal 

diseases. 

determines the cause of penodontal nfections. 

simultaneous and precise detection of multiple salivary protens and nucleic acids. 

detects multiple biomukes for early diagnos1s of perodontal d1sense 

an antibody test that provides results in 20 munutes, usunlly detects HIV 1 and HIV 2 

Integrated Microfiuidic 
Platfornm for Orl Diagnosticsmounts (10 ml) of saliva 

mpidly (3-10 mn) measures the concentrations of MMP-8 and other biomarkers n snnall 

Commercially Available Chairside Diagnostic Kits 
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Diagnostic tests are routincly used in cvaluation of many diseascs. Saliva-based diagnostics present 

incomparablc opportunitics for rescarch and commercialization opportunities bccause of incrcased 
understan ding of genomics, transcriptomics and protcomics. At this stage it scems to be an extremely important 

possible tool for regular screening of larger populations. it can be concluded that in the corming future, there are 

rich possibilities that salivary diagnostics can not only be used as a powerful tool for saving life but also to 
preserve those, which already have been saved. lt will be a very helpful tool for population-based screening 

programs, confimatory diagnosis, risk stratification, prognosis determination, and therapy response monitoring. 

Screening an entire population for a certain type of disease will be made possible in the near future by 

employing saliva diagnostics. 
The use of proteomics and gene expression will advance the diagnosis and treatment of various oral 

pathological conditions. Current protcomics analysis has the capacity to provide new insights into the repertoire 

of expressed proteins and some inkling of their interactions,at a more global level than previously considercd. 

Moreover, new diagnostic technologies such as nucleic acid and protein microarrays and micro fluids are under 

development for risk assessmcnt and comprehensive screening of biomarkers. 

1nanv 

II. 

These recent advances are leading to the development of more powerful diagnostic tools for 
practitioners to optimize their trcatment predictability. 
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