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Abstract

Introduction: Immunohistochemistry (IHC) has not always been an easy field for the research beginners like
postgraduates, research fellows and scientists. Meaningful interpretation of IHC positivity needs expertise.
This could be made easier for beginners by developing a conceptual framework of markers. The literature
review revealed a lack of qualitative evidence on the hitherto IHC studies on oral diseases about the overall
expression of IHC markers and its comparison with pathology and normal tissues.

Aim: This scoping review aimed to examine the literature and classify the various immunohistochemistry
markers of oral diseases based on the tissue, cell and site of expression.

Materials and Methods: The review was in accordance with Preferred Reporting Items for scoping
reviews (PRISMA -ScR). Electronic databases such as PubMed and Cochrane were searched for relevant
articles till 2021.

Results: We included 43 articles. We found five different possibilities of the site of expression of a
marker in a cell. They are the nucleus, cytoplasm, cell membrane, extracellular matrix or any of the above
combinations. Based on the tissue of expression, we also mapped the markers expressed in oral diseases to
their tissue of origin as ectoderm, endoderm, mesoderm and markers with multiple tissues of expression.
Based on our results, we derived two classifications that give an overview of the expression of IHC markers
in oral diseases.

Conclusion: This scoping review derived new insight into the classification of IHC markers based on cell
lineage, tissue and site of expression. This would enable a beginner to better understand a marker with its
application and the interpretation of the staining in research. This could also serve as a beginner’s guide
for any researcher to thrive and explore the IHC world.
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INTRODUCTION

Most practitioners, including beginners in pathology and
research, are familiar with Immunohistochemistry (IHC)
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and its applications. Immunohistochemical markers are the
various antibodies that are employed in IHC and the constant
upgrading in the field of IHC has led to the surge of IHC
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markers in the past decades.!" Although there are various
diagnostic algorithms and classifications of IHC markers, the
practical knowledge of any graduate or a beginner in terms
of the interpretation of IHC positivity is of great concern.
The most common grey area of any beginner while IHC
slide interpretation would be, what are all the cells that can
be positive for the IHC markers applied? And where to look
for positivity (Nucleus/cytoplasm/cell membrane)? Our
literature search revealed numerous immunohistochemical
studies that discuss and classify the IHC markers®* but none
of them reviewed and classified the markers based on their
site and tissue of expression. Hereby, we planned to study
extensively the literature to understand the markers based on
tissue of origin and site of expression and to classify them.

AIM AND OBJECTIVES

We aimed to systematically review the literature and explore
the IHC markers studied in oral diseases. Our objectives
were to.

1. Compile the markers with their tissue, cell and site of
expression in the normal and pathology.

2. Classify and categorize the markers based on the tissue,
cell and its site of expression in a cell.

METHODOLOGY

This scoping review was conducted in accordance with
PRISMA for scoping reviews [Figure 1]. Electronic
databases such as PubMed and Cochrane were
searched for studies with IHC markers expressed in oral
diseases.

Scoping review question
The topic of interest was the expression sites of IHC
markers of oral diseases and the research question was:

What are the various expression sites (cell and tissue) of
IHC markers of oral diseases? This research question
encompasses the expression of IHC markers at various

{ Identification of studies via databases and registers ]

Records identified from*:
Total Databases (n = 23186)
Pubmed(n=22894)
Cochrane (n=292)

Records screened (n = 9910)

Records removedbefore
screeningthrough filters:
Records marked as ineligible by
using filters(n = 13276)

Records excluded using
automation tool (n = 6485)

A

Reports sought for retrieval (n
=3413)

\J

Duplicates (n = 12)

A

Reports assessed for eligibility(n =
2961)

»  Reports not retrieved (n = 452)

Reports excluded:

.

Reports further assessed for
eligibility (n = 2187)

» i)Site of expression not specified(n
=774)

Reports excluded after selection of
> representative marker:

A

Studies included in review
(n=43)

Figure 1: PRISMA-ScR, search flow chart for scoping review

i)(n = 2144)
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tissues of normal and oral pathologies with respect to their
cell site of expression.

Search strategy

A team of six reviewers was involved in the review
process. The various stages that were involved were
the title and abstract screening, full-text retrieval, data
extraction and data analysis. We used the Sample,
Phenomena of Interest, Design, Evaluation, Research
type (SPIDER) framework to identify the keywords
in the review question. Once the keywords are
ascertained, a table listing all the synonyms and MeSH
terms were developed to guide the search. A Boolean
search string was developed combining the plain
text and MeSH terms as follows:(((Oral OR Dental)
AND (Marker OR Immunomarker OR Biomarker
OR Immunohistochemical Marker OR Tumour
Marker)) AND (Expression OR Immunohistochemical
demonstration OR Immunohistochemical localization
OR Immunohistochemical characterization))).

Title and abstracts were screened for potentially eligible
studies. An automation tool was used to remove the
duplicates. Two independent reviewers read the full
article for relevance to the research question. When found
relevant, the interesting data were extracted.

Data extraction

Two authors extracted data from the selected articles. The
collected data were entered in a data collection form in a
standardized manner using Excel spreadsheets. Data were
gathered on the first author, publication year, country
and publication language and then the data required to
answer our research question like the pathology studied,
control (normal tissue) taken, markers applied, tissue, cell
and site of expression markers in pathology, as well as in
normal, were collected. The studies were categorized based
on tissue of expression mapping to their embryologic
origin. Later, each of the studies with IHC markers was
analysed for the site of expression in the cell. The data
analysis was undertaken by the fifth and sixth reviewers.
Any discrepancies that were found were resolved by the
sixth reviewer for a decision.

Inclusion criteria

The articles from PubMed and Cochrane databases that
were in the year between 1992 and 2021, English language,
original research, observational study, clinical study and
randomized control trials in humans were considered for
inclusion. Studies with IHC markers studied on human oral
diseases that mention the tissue, cell and site of expression
of markers.

Exclusion criteria

Reviews, reports, letters to the editor and studies with
methods other than IHC such as ELISA, western blot,
FISH, cell culture and study duplicates were excluded.
Also, the unavailable full-text articles, articles that do not
discuss the site of expression of markers, and articles with
repeated markers were excluded.

RESULTS

The primary search using the Boolean search string
generated 23,186 articles, which were published between
1992 and 2021. When the filters such as original research,
observational study, clinical study and randomized
control trials in humans were applied, 9910 articles were
generated and they were considered for screening, Using
an automation tool, all the 9910 articles were screened
for the inclusion and exclusion criteria. In this stage, we
excluded (n = 6485) and duplicate studies (n = 12), and
only 3413 articles were included for the full-text retrieval.
Out of them, only 2961 articles were available as full text.
All the 2961 full-text articles were read thoroughly for the
markers used, and their tissue, cell and site of expression in
the cell were noted. Among the 2961 articles, 774 articles
wete excluded as they did not mention/discuss the site of
expression. Thus, we obtained 2187 articles and further
observed that multiple studies studied the same marker in
various pathologies. Therefore, we choose 43 studies with
representative markers under each category and excluded
the rest 2144 studies [Figure 1]. The time needed for the
completion of the scoping review was approximately
8 months.

All 43 studies were analysed for the expression
characteristics of markers such as the tissue, cell and the
site of expression in a cell in the pathology as well as in
the control tissues [Table 1]. A total of 46 IHC markers
that represent each category were analysed. Out of them,
3 were categorized under Primitive Germ cell markers,
14 markers were expressed in ectodermal/endodermal
derived oral tissues such as epithelium (3), nerve (2),
bone and cartilage (1), melanocyte (3), mesenchyme (2),
Muscle (2) and Dentin (1), and another 10 were expressed
in mesodermal-derived structures such as Tongue
Muscle (2) myeloid (3), lymphoid (3) and endothelial (2).
Later, there were 19 markers expressed by multiple tissues
structures of various tissue of origin namely Adult
stem cell markers (1), nuclear membrane markers (1),
nucleolar marker (1), chromatin marker (1), genetic
markers (1), Cell cycle markers (1), apoptotic markers (1),
enzymes (2), transmembrane markers (1), cell surface/
adhesion markers (2), cytokine marker (1) calcium-binding

526 Journal of Oral and Maxillofacial Pathology | Volume 26 | Issue 4 | October-December 2022



Prabakaran, et al.: Expression sites of IHC Markers in oral cavity

g0

uaye; an3uo] 4o Jnowny
10U SBM |043UOD [BWION o) 213sB|q04q1yoAW VSN 102178 39 921pNID
- - S|9SSan poolg o) S1Se|q0JqIOAN Klojewweyyu) VINS - opallang|egepueusa4  9josn|y an3uol
u1S110 WIBPOSA\ JO Sanssi} [edQ ul passaidxa siadjepy
16117€ 18
U1 SEM [0J1U0D |BWIOU ON o) s|jo0 onse|dsAp |erayndy  eisejdsAQ yum 14O ddsa 924nq80 "IN NEY  J9veW unua(q
S[9SS9/\ PoO|q BWONS
- 30 $3josnw Yoows INON o} Jnown] ui s3se|qoquoAp 00S0 VINS 181178 39 ¥V BYHWS
U} J0U SBM |043UOD [BWION ND S||199 Jnowin| 29SS0 ¥ uluioy /838 A DeZnsiel  JaIRW SJOSN\
o118 19
U e} SBM [0J1UO0D |BWIOU ON o) |99 Jnowin| v91d 1iessepag g ounig
[|99 8NnsSI} 8AI}08UU0D 1'/e 19 Welepunsejeg
o) JewAyouass|y eSOoNW |e2oNg [elo o) |99 Jnowin| 99S0 unuawip uegaayuied
1-(dS4) uteroud slaylew
uaye} SeM [0JJUOD ON N pue ) S||99 Jnown| an3uo] J0 DOSO oi1vads-1se|qolql EVEFEN N EIETY |lewAyouasa|y
ewouejpw
U} JOU SBM [043UOD [BWION o) S||99 BWoOUEB|D|\ |edo Arewnid v uejpiy /e 39
euwiouejaW pelpuy - ap 0InudAsUDg slaxiew
uae] SeM |0J3U0D |BWIOU ON o) S||199 BWOUER|D|A |edo Arewid SY-gINH -03sn8ny -ounug a1fooueo |y
BS0oNW [eJo [BWION  IND/D S[|90 Jnowin| 20S0 JIN /€ 39 8uaz alf
anssi|
pazijeJaulw Jo 1904- pue
$9140091s0 padde.ju3- sJadiew
‘anssi} pazi|eJauiw punole a3e|1jue)
Uae} SBM |0J1U0D [BWION N s||90 padeys a|puldg - 40d X1191S0 2178 38 ¥NA 483YdY |3 pue auog
ua>e} SeM |01JU0D [eUION ND 1199 [e1oyHda onsedsAg a3io 2800 /e 39 |IIADJUeN d
S|199 aj1|-|ewAyduUsSaW
pajpuids 03 dwnid
‘S||90 |ejonpliad ‘s||9d
10N - 1suodwoo
U e} J0U SBM [0J3UOD [BWION o) |ewodJis pue elayydy Jnown| paxijy uSiuag dv4o
o) s|190 [eljaynd3 v91d dv49 (/e 10 ddaup "y se[dnoq  suexiew sAIaN
o) S|199 [N INON 3udoelpy o) 1oke| |eseq (s]99 [9343A) 20S B OA 159 020 (/1€ 79 0BD MH
S||99 Jeuloy 1¢1'/€ 10 BlIa11a4
o) pue |eljayiida [e1ONg  pue|9 AieAljesS Jouljy o) s[199 |eljaynds |e10NQ vd 1ONIN esoqgJeg sojie) ueaf sJoylew
S|192 11'/€ 9 Weleypunsejeg letpynd3
ND |eseqesdns pue |eseg BS0ONW [B29NQ [BIQ ND S||99 Jnowin| 20S0 ulaypeo -3 uegaaypied
uiS1i0 wispopul/wiapold] Jo sanssi} [edQ ul passaidxa siadjep
SIEN s|199 (LWyOVv30) uesiue
IND  snowenbs paiileis INON  DOBIND [e1@yds - sj|99 Jnowin| 09S  oluoAlquisouloien 1o1°/€ 10 Suep Suey-n4
|99 saoeds 21340 3une0d
N Jeuloe pue sjj99 |e1on(Q 93N N®D S|]99 - S[|99 Jnowin| o=l Souen
SER) saoeds 211540 Suileod 1s1'/€ 38 sandupoy 0438 siaiew
0 Jeulde pue s||99 |e1ong 9SN N'®D S[]99 - S||92 Jnowin| 23N #1300 |eqniaS epueulad LB [190 Wiag
uoissaidxa uoissaidxa
40 3Us s|I90 anssi]  jo 3us s|1I90 ASojoyred
|ewoN ASojoyred e loyiny K10891e9

SJa)Ie\ |22 W99 SAIWII]

1192 e ul uoissaidxa Jo a1ls ay} Yim anssi} jewou pue ASojoyjed ui suadjiew jo uoissaidx3y :| ajqel

527

Journal of Oral and Maxillofacial Pathology | Volume 26 | Issue 4 | October-December 2022



Prabakaran, et al.: Expression sites of IHC Markers in oral cavity

o)

S[199 3S0Y9D utazoud
o) S||99 |eseg SVERE] aueJquiaW
AND  wnijayuda |eio [eWION IND  pue wnnoial a1e|91s 1099 [BJjua) | UBDBPUAS  BA|IS BP SBWON) JauSem -sued|
(Idn
yd) aseury uisjoid
paleAndy-dINY
N INON 0 S|[92 Jnowin| O0SNH paie|fioydsoyd leel/€ 70 NS USM-BUIA
S|I99 |eljayjopuy
N ‘s||99 |eljayidy S|9ssaA poo|g ‘INON N s|199 |eljaynds 4SO N3ld e /e 29 IpeSuy ‘A eAuund  Jaxiepy swAzug
sapou ydwA7 Jodlew
o} S|]99 911Ud) [BUIWIDD) JIsuop N sa1hooydwAT Suipesyiul SS Atewrd ol 109 [ec1'/€ 18 Y|\ nwinjes) onodody
eAI3uIg jewloN 1ze1'/€ 19 slaylew
N s|199 [eljaynd3 ‘w99 Yoo N )99 [eljaynda unown | av 1@ uPkD ojowrewny 1nkoliH 81940 1190
U} J0U SBM [043UOD [BWION N S[]99 Jnowin | 79S80 G d L¢1'/€ 10 OpESOY O|qed  JddJew 01}8UsD
|199 Jnowin] loe1/€ 39 SENIEI]
U} J0U SBM [043UOD [BWLION N 199 % 9999 Z NaWN eZnosa( 'y '3 ojned uiewolyn
uiajoud
osjonuoqny
- s|199 [eljaynd3 INON 0 [190 Jnowin| 00S0 €dINl 16211849 OH 1T 1ejo3|ONN |lewS
uralold
aueIqIB|\
INON N®BD [1I90 Jnowin| OJSNH CYNd) 182178 #9 IPIYOBY "IN YAES JeajonN
SIER 1s'/€ 38 sandupoy 0438 Joylew
N Jeuloe pue s||99 [e1onq 9SN N S|190 Jnowin| eEII Llwg  |egn}aS BpUBUISS BUB  [|90 WIS NPy
uoissaldx3 jo anssi] a|diynyy Jo siadjIepy
esoonw 798
- $1199 [eljay3opu3 lew.ou Jusoelpy D s|199 [eljpyropua inown|  [eadukieydoio  (G0LQD) ulSopu3 (z1'/€ 39 IUOLIE|\ OUID
uoissaldxa
olwse|doifn sloyllew
pue jewong s|190 [eljoynd3 INON ND3IRB D s||90 |eljayndy 4NSO 493A oz1'/€ 39 BINUY Ifuy |eljaylopu3
ND S[199 Jeulde 1o |e1ong OSN ND S]|82 Jeuloe Jo [e3ong SS £202 ‘02ad ls2)'/€ 10 IMeIbY "y 7
a1edyjiul
Aiojewiweul- s||90 slaview
U1 SEM [0J1U0D |BWIOU ON ND proydwAT 79S80 ISY4 iy21'/€ 39 3]1918d "1'D ploydwiA
S||99 |el|ayjopus pue
suolisa| Jo Alayduiad ayj Ui S|assan S||992 JB3|oNUOUOW ‘S||9D 1e217€ 39
poo|q pue apou ydwAT Jo 843us0 [eulwIaS - |0J3U0D |BUISIU| o) juel8 pajeajonuNiy 999d 890D 19eZ|0848S Yagepnos
S[|99 9NSSI} DAI}OBUUOD aNSSI] 9A1}08UU0D
o) |elaynda-gng anssi} |eAISul o) u1 sa8eydouoe|y 49H £91aD 1zz1'/€ 19 eRZZBH "H BlRH
(s)190 Jeljoyndy) w99 yioo| S||90 WN[NoI3a4 938(91S Y CEE]
2/ND onse|qojawy 2/ND ‘s||90 ol3se|qojay av 1-LNTD  OJawoy-zayoues 83s98)  Jastlew plojak|y
uIS110 WJIBPOS3\ JO sanssi) [elQ ul passaldxa siadiep
uoissaidxa uoissaidxa
Jo 3s s|1I9) anssi]  jo 3us s|10 A3ojoyred
|ewoN ASojoyred e loyiny Ki10891e9

“*pauog :| s|qeL

Journal of Oral and Maxillofacial Pathology | Volume 26 | Issue 4 | October-December 2022

528



Prabakaran, et al.: Expression sites of IHC Markers in oral cavity

BWOUIDJBD SNOINAIIA - DA "BUOUIDIBD [|32 Snowenbs 23N pue peaH - D9SN H ‘duelquisw juswaseq - [N g ‘SnajonN - N ‘duelquialy 1199 - N9 ‘wse|dolh) -9 ‘Bwo4puAs ualholg - SS “ewouldte)

1189 snowenbg - 99S “ewoJqly bulkyisso [esaydiiad - 404 "ewouldiedouspe spelb-mo| snoydiowA|od - Y9 1d ‘ewolnuels |32 Juels jelaydiiad - 5994 ‘ewouape d1ydiowos|d - d ‘SIS0qly snodnwgns
B0 - 4INSO "ewouldted |92 snowenbs |edQ - 99S0 ‘suoisa| Jueubijewsadd [elQ - 140 ‘eise|dsAp |eljayid3 a0 - g30 ‘pue|b Adealjes [ewdon- 9SN ‘esoanw [edo [eWAON - NON ‘Bwouldied
prowapldaoany - 9F A ‘SISOFeWO0ql) [eAIBUIE) A4BIIPaJaH - 49H “nowny |30 1S0YY - 199 “4nown| 21usbojuop( 213SAD BulApd|e)-1 099 ‘U0Isa] snowenbs ubjuag - 1S9 “ewoise|qojawy - qy

Ud>e} J0U SEM [0J3UOD [BWION o) [190 |ewo1S DOSO o3ess Ajie3 u1308u0.qI4 lpy] /B 30 D1SNT BYIA|
S|9SSaA JO 8]osnw
wnyayydagng yjoows ‘s|assan poolg
pue Ng a1Aoounesay  ‘wnidyids snowenbg o) [|99 eWOUIDIE) 998 OVY9-SH &5/ 78 IO\ 'S
sinownj
U8B} J0U SBM |0J43U0D |eWION INE ‘D S|I199 [eljay3ida Jnown | 91u8303UOPO PaXIN uade||0o Al adA] 1zv1'/€ 70 |SDjeIa3edEd d siodew N3
(wninoanjal
ojwse|dopu3) YRR ENEINETENEF1le)
aNnssI] [ewJou Juadelpy N ‘D ||90 Jnowin| 99S0 vZavy Ao Jewny) yiysney| ojwse|doifn
(enosjopy Sutpuiq
ajeJpAyoqien) Joyew uoisn|ou|
O%N s|199 [eljay3id3 INON O ‘N sl|90 [eljaynda unown]  8n3uoj 4o DISO € unnosjen (ov1'/€ 38 OUOH OIYIINA olwse|doif)
uiayoud
NO s|199 [eljaynd3 INON 0 S|[82 Jnowin| 0080 91YOOIS Ler'/e 10 @ eI0des  Buipuig wnidje)
18¢]/€ 1@
- - INON o) S||90 Jnown| 92S0 (NdO) unnuodoaiso Aeainoy eyidewes Jaxyiew auoif)
0 [199 Jnown| 00S0
ND
D s1[e0 [eljaynd3 wnijayyida jewlioN o) s|[@d Jnowin| a3o v NVl Ler'le 19d eAeypedn siexlew
SIER] s||90 plowJapida pue [s'/E 18 SaN31Ipoy 041s9Q uoisaype
NO Jeuldy pue sj|9d [eong OSN ND  ®lelipawalul ‘99 Jes|) 03N (WVOH) #7@D  |eqnias epueuldd eLE /39elns ||80
uoissaudx3 jo anssi] ajdinjnw jo suddiep
uoissaidxa uoissaidxa
40 31 s|190 anssi] s|1®9 K3ojoyred
JewloN ASojoyred e Joyiny Ki10891e9

“*pauog :| 9|qeL

529

Journal of Oral and Maxillofacial Pathology | Volume 26 | Issue 4 | October-December 2022



Prabakaran, et al.: Expression sites of IHC Markers in oral cavity

proteins (1), cytoplasmic inclusions (1), cytoplasmic
organelle (1) and extracellular markers. (3) [Table 1].

DISCUSSION

The Success of an immunohistochemical diagnosis
depends on the thorough knowledge of the various
markers, their cell lineage and site of expression to apply in
the field of research and clinical diagnosis. Although there
are numerous classifications of IHC markers based on the
cell types, biochemical class, diagnostic relevance and so
on,” T none of them discuss and classify the markers based
on the tissue, cell and site of expression which would be
useful for a beginner. Based on the tissue expression of
the IHC marker and its cell lineage, we have classified the
markers under four broad categories. They are the markers
that are expressed in the tissues that are of:

1. Primitive germ cell origin

2. Ectodermal origin: Oral epithelium and cranial

neural crest cells derivative CNCs give rise to two
main structures called Ectomesenchymal and
non-ectomesenchymal structures.*
Tissues such as oro-facial bone, cartilage, muscle,
ligament, fascia, tendon, fat,*! dentin, pulp*” and
mesenchyme** are ectomesenchymal derivatives of
CNC. Whereas, the orofacial neurons and melanocytes
are the non-ectomesenchymal derivative of CNCs."!
The oral epithelium is majorly ectodermal in origin.
This includes the epithelium of lips, floor of the
mouth, gingiva and cheeks.”" Also, recent studies
have proposed that all the major salivary glands and
epithelium of the anterior tongue and fungiform
papillac and hatd palate are of ectodermal origin.*>>!
The minor mucosal salivary glands are of both
ectodermal and endodermal origins.*!

3. Endodermal origin: Epithelium of the posterior
third of the tongue, floor of the mouth, palatoglossal
folds and the soft palate," circumvallate and foliate
papillae® and Minor lingual salivary glands.*”

4. Mesodermal origin: From the paraxial mesoderm
derivatives like tongue muscles® and endothelial
cells,** and the hematopoietic stem cells, myeloid
cells and lymphoid cells.?’!

5. Expression in multiple tissues: Markers such as cytokines,
enzymes, collagen and fibronectin have multiple tissue
structures that can express these markers.

Based on the site of expression in a cell, the markers

expressed in various tissues/cell lineages were broadly

classified as.

1. Intracellular markers and 2. Extracellular markers.
The intracellular markers mainly constitute

A. The cell surface markers, constituting the Surface
receptors, Cell membrane and vesicular transport
markers, Cell adhesion markers.

B. The protoplasmic markers are subcategorized into
the Cytoplasmic and nuclear markers.

The ECM markersP*! constitute
A. The ground substance markers and
B. The Basement membrane matkers.

Thus, from our wide review, we have attempted to classify
the IHC Marker studied in oral diseases based on the tissue,
cell and their site of expression in the cell, mapping to their
embryological origin. This classification was made for an
easier, better understanding and remembrance of IHC
markers for a beginner [Figures 2 and 3].

In the present review, the following facts were observed:

1. Thesite of expression of IHC markers can be cellular
or extracellular. In cellular, it can be expressed in
the nucleus, cytoplasm or Cell membrane or it could
be in a combination of these sites. Example: p53
expressed in the nucleus,P! CK 20 in the cytoplasm,”!
CEA in cell membrane,” S100A16 in cytoplasm
and cell membrane® and Oct 4 in Cytoplasm
and nucleus.”! In extracellular, it is expressed in
the basement membrane or the ground substance.
Example: Type IV collagen in basement membrane!*
and HS-GAG expression at the submucosally,*” that
is, ground substance.

2. The site of expression of one particular marker
can vary between normal and pathologic tissue. For
example, BCL 10 in PSS expression is at nucleus
while in tonsil and lymph nodes, it expresses at
cytoplasm,” OSMF expression of E-cadherin is at
CM and C but in a normal mucosa, it is expressed in
Cytoplasm!? (pAMPK), and (pACC) in pathology is
expressed in the cytoplasm and in normal mucosa, it
is expressed in the nucleus.”!

3. Few IHC markers are expressed only in pathology
and do not show positivity in normal tissue. For
example, CEA shows cell membrane expression in
Oral epithelial dysplasia, and OSCC but shows negative
expression in normal mucosa.” Osteopontin (OPN)
shows cytoplasmic expression in OSCC but is faintly
detected in the epithelium of oral mucosa or gingiva.®

4. Expression of one particular marker by tissues of
multiple cell lineages. For example, inflammatory
markers having their cell lineages from hematopoietic
stem cells are found to be infiltrated in structures of
various tissues of origin.[*]

5. A tumour of one particular tissue of origin could
be positive for markers of other tissue of the same

530 Journal of Oral and Maxillofacial Pathology | Volume 26 | Issue 4 | October-December 2022



Prabakaran, et al.: Expression sites of IHC Markers in oral cavity

Primitive germ cell

Eg:Oct4
Ectoderm Endoderm Mesoderm Multiple tissue of origin
Cranial neural Oral | Paraxial Markers of cell structure and
crest cells epithelium* mesoderm function
Eg:E- Cadherin Eg:
| I | -Cell adhesion molecules
N -Extracellular matrix
Ectomesenchyme E on h Tongue muscles -Transport membrane
ctomesenchyme Eg:MSA proteins
- -Genes
Orofacial bone and - Enzvmes
— cartilage Orofacial Endothelial C tgkines
Eg:Osterix neurons cells Eg:VEGF Y
Eg: GFAP
Fibroblast/
] Mesenchyme Orofacial
Eg:Vimentin Hematopoietic
Melanocyte | stemcells
Orofacial Eg: Melan A
— muscle
Eg:Alpha SMA Myeloid cells
Eg: CD 68
—1 Dentin Eg:DSP
. Lymphoid
— Adipocytes
pocy cells Eg: CD 20
-Ligament *Ectoderm: Epithelium of anterior % rd tongue, Fungiform papillae, Lips ,Floor of mouth, Gingiva, Cheeks, Hard palate and Major salivary glands ;
-Pulp Endoderm : Epithelium of posterior % rd tongue, circumvallate papillae, palatoglossal fold, soft palate and Minor lingual salivary glands;
_Fascia Ectoderm and Endoderm : Minor mucus salivary gland (palate)
-Tendons

Figure 2: Classification of IHC markers of oral diseases — an embryological outline
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Figure 3: Classification of IHC markers based on the site of expression in a cell
or different cell lineage. For example, OSCC — an mesenchymal cells in the head and neck is ectoderm
epithelial neoplasm of ectodermal origin shows whereas in the trunk, it is from mesoderm.
positivity for vimentin.! Vimentin is expressed by 6. A marker may be expressed by different types of cells.
mesenchymal tissue of the oral cavity. The source of For example, Vimentin is expressed by squamous
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epithelial cells of OSCC," tumour cells of PLGA!!
and connective tissue cells of the buccal mucosa.”

7. Many IHC markers can be positive for a particular
pathology. For example, S100,P” Osteopontin®®!
positive in OSCC.

Our review is the first of its kind to classify and
enumerate the expression of oral biomarkers based
on tissue, cell and site of expression in a cell with the
comparison between pathology and normal tissue. This
classification can serve as a beginner’s guide during
IHC interpretation. Since it is a scoping review, it does
not provide a complete list of oral biomarkers. Our
classification and categorization of markers under
tissue, cell and its site of expression in a cell is based
on its expression in normal tissue and not based on
the pathology in which it is expressed. In the future, a
complete list of oral biomarkers with their expression in
pathology and normal tissue, specific to tissue, cell and
site of expression in a cell can be compiled.

CONCLUSION

In this scoping review, we have derived a classification of
THC markers of oral diseases based on the tissue, cell and
site of expression, mapping to their embryological origin.
This classification can aid a beginner in the selection,
prompt application and interpretation of the IHC markers
during diagnosis and research. Thus, we conclude that the
IHC markers expressed in various tissues are either directly
or indirectly linked with the embryological development of
that particular tissue. Therefore, a thorough knowledge of
embryology is imperative to fully comprehend the various
concepts in IHC.
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