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ABOUT THE JOURNAL

Rims and Scope

Asian Archives of Pathology (AAP) is an open access, peer-reviewed journal. The journal
was first published in 2002 under the Thai name “5a1557%3IN18uNeBUNNGUATUTEWNALNY”
and English name “Journal of the Royal College of Pathologists of Thailand”. The journal is a
publication for workers in all disciplines of pathology and forensic medicine. In the first 3 years
(volumes), the journal was published every 4 months. Until 2005, the journal has changed its
name to be “Asian Archives of Pathology: The Official Journal of the Royal College of
Pathologists of Thailand”, published quarterly to expand the collaboration among people in
the fields of pathology and forensic medicine in the Asia-Pacific regions and the Western
countries.

The full articles of the journal are appeared in either Thai or English. However, the
abstracts of all Thai articles are published in both Thai and English languages. The journal
features letters to the editor, original articles, review articles, case reports, case illustrations,
and technical notes. Diagnostic and research areas covered consist of (1) Anatomical
Pathology (including cellular pathology, cytopathology, haematopathology, histopathology,
immunopathology, and surgical pathology); (2) Clinical Pathology (Laboratory Medicine)
[including blood banking and transfusion medicine, clinical chemistry (chemical pathology or
clinical  biochemistry), clinical immunology, clinical microbiology, clinical toxicology,
cytogenetics, parasitology, and point-of-care testing]; (3) Forensic Medicine (Legal Medicine
or Medical Jurisprudence) (including forensic science and forensic pathology); (4) Molecular
Medicine (including molecular genetics, molecular oncology, and molecular pathology); (5)
Pathobiology; and (6) Pathophysiology.

All issues of our journal have been printed in hard copy since the beginning. Around the
late 2014, we developed our website (www.asianarchpath.com) in order to increase our
visibility. We would like to acknowledge that our journal has been sponsored by the Royal
College of Pathologists of Thailand. We have the policy to disseminate the verified scientific
knowledge to the public on a non-profit basis. Hence, we have not charged the authors whose
manuscripts have been submitted or accepted for publication in our journal.

On the other hand, if any authors request a printed copy of the journal issue containing
the articles, each of the copied journals costs 450 bahts for Thai authors and 30 United States
dollars (USD) for international authors.

Publication Frequency
Four issues per year
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Disclaimer

The Royal College of Pathologists of Thailand and Editorial Board cannot be held
responsible for errors or any consequences arising from the use of information contained in
Asian Archives of Pathology. It should also be noted that the views and opinions expressed in
this journal do not necessarily reflect those of The Royal College of Pathologists of Thailand
and Editorial Board.
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LETTER TO THE EDITOR

seausInaansdluiiaausisadiiun

(Zinc levels in breast cancer tissue)
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REVIEW ARTICLE

The JAK2V617F, CALR and MPL gene

mutations in myeloproliferative neoplasms

Dollapak Apipongrat

Special Haematology Laboratory, Division of Medicine,
His Majesty the King Rama IX's 6" Cycle Birthday Anniversary Building, Phramongkutklao Hospital,
315 Rajavithi Road, Rajadevi, Bangkok 10400 Thailand
Telephone: +66 (0) 86 916 5782  Email: Dollapak.d@allied.tu.ac.th

Submitted: 5 February 2021
Accepted: 12 February 2021
Published: 26 March 2021

Abstract

Myeloproliferative neoplasms (MPNs) are comprised of polycythaemia vera (PV),
essential thrombocytosis (ET) and primary myelofibrosis (PMF). They can lead to the
development of vascular thrombosis, bleeding disorder, bone marrow fibrosis and acute
leukaemia. The JAK2V617F, CALR and MPL gene mutations in patients with MPNs are

associated with their therapeutic and prognostic implications.

Keywords: CALR gene; JAK2V617F gene; MPL gene; mutation; myeloproliferative neoplasms
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N1SNaEWUIVReEU JAK2V617F Bu CALR uay

8u MPL Tungulsalunszgnudndaidoauiniaung

-4

AANIA DANIAS M

Mo URnslainIne fivey No9018INTTU DIATRAUNTUAYIA 6 TOU NITTUUNTTE TSINEIUIANTEUINING
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Insfndi: +66 (0) 86 916 5782  Email: Dollapak.d@allied.tu.ac.th

AUy Uil 5 iievnua g WA 2564
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UNANga
! a 1<) I~ a a 14 LY Ky I~ 1% I3 I~
nqulsalunsegnndndadonunniaunfivseneumelsadwielulife lsadendu lsaninden
g9 waglsaieiinlulunseanusugdl BadUheiilenmaiinnizduiionandu Heneenidnund n15iin
Waialulunszan waznsifeuzsudadonvridoundu Fan1snateiuguesdu JAK2V617F 8u CALR
waztu MPL Tungulseiifitvezranissnyiasnisnensallsnegiauin

Addsy: nqulsalunszgnudndinidenuninunf; nsnanewug; Bu CALR; Bu JAK2V617F; Bu MPL

nqulsalunszgnudndadonunniaun@ (Myeloproliferative Neoplasms, MPNs) 1ungulsa
lesendid@rulugifinnufinuniiing Multipotent stem cells Tusziu Common myeloid stem
cells Fsaswmuluiduadiunves Erythrocytes, Granulocytes, Monocytes wag Platelets aniiu
Tu Chronic myeloid leukaemia (CML) AnsnUn@azegluseiuiiganinlsadu dufeinunid
Pluripotent stem cells sﬁﬂuﬂﬂzﬂﬂawaéﬁlwﬁﬁuuﬂL‘flu Common myeloid stem cells uag
Common lymphoid stem cells nalnnisialsanguiliinainnisifiusiuiuseswadifiadonunn
Anund 1desmnilanaiinnAvesnsruiumsmuaunsaineianan Tuvaefidiansadingzuaunms
maturation 1 faduluidenvesfiaeTanuieaddaun (Mature cells) fd1uruunue aunsn
wuafunuuiififanaaile Tastulay (Ph+MPN) fia Chronic myeloid leukaemia (CML) waglaifilan
watielasluley (Ph-MPNs) iuﬂajuﬁawizﬂauﬁw‘[mﬁﬁm 3 1sA A9 lsALaendu [Polycythaemia
vera (PV)] I’iﬂmﬁmﬁamqﬂ [Essential thrombocytosis (ET)] LLainﬂﬁ\‘iﬁmiuimﬂix@jﬂﬂguﬂuﬁ [Primary
myelofibrosis (PMF)]'
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FTUININGN

giAnmsaliiisnenulimnlan Ae wuithelmivszina 1 - 2 nedeUssrnsuauaudel dmsu
Tutssmalnenugifnisnivedlsnivszan 1 - 3 TedeUssrinsuauaused Tassuundilsaden
T (PV) uaglsmndnidionga (ET) Uszanas 1 - 2 AusisUsvwnsuauausied dnlsaisdalulunszan
Ugugll (PMF) nuldtiesndn fe 1 Ausedssmnsuauausial uazsnuussluggsery 50 - 70 TV

84 JAK2 (Janus kinase 2 gene)

Su JAK2 TesunsdunuTul w.e. 2532 (a.a. 1989) Tng Andrew Wilks 99nn15tAawils cONA
flFnnwadinizidesia FOC-P1 fuduwedifindonvomy dusudu JAK2 invluauazoguy
qu%’waéﬂ’umaﬂmluiw@ﬁ 9 funus 9p24 Tawil genomic DNA g1Uszunu 140 Alalud Lusesn
W 25 Exons u JAK2 anensiaenudulusiuiiuseneusensaesdily 1,132 f lasunAlusiu
JAK2 axeg neluimadlaeduegiuiiudelaladussianil 1 dudnarsddglunisdedyayin
AIvRuNsHamdndenaeiadased lawn #a5u Erythropoietin (EPO-R) #725U Thrombopoietin
(TPO-R) #3s3u IL-3 (L-3R) tusiu Fen1sfnurumuinaesdiu JAK2 Tumymudn wyfinedu JAK2

& Aa o ! A & 3 ) 44' 1 a < A 2(2)
‘ﬂ%LﬁEl“U'NWNLLG]i%EJ%WL‘U‘NLE)&I‘U{E@ Luaw’mlummiamamLumaammﬂm

1Ushu JAK2

fu JAKZ azneasiasenuiulusiu JAK2 SslnsunAlusiu JAK2 azdusgfuiiudelalay
Uszuand 1 Midusnansddglunisdsdyaanislusad nssuiunisdsduiamiulusiu JAK?
windundsniidnsfuussninselalaiagdu Tusiu JAK2 Afnegfuiaiuiuasfuny
Weaalinudesladulusiu JAK2 Iugﬂﬁﬂszﬁmé’a (Phosphorylated JAK2; p-JAK2) &3 p-JAK2
wiAnvlaaln lifumsulelnledluswmisiumzifielimnzdunsduvestusiveiadudivae
Tunsdedeyeyras 1 TUshu STATS (signal transducer and activator of transcription 5) 8¢l
Tusiu STATS dnanduiidhiudelnlaiudrasgnifumgwoawn ndwndulusiu STATS fld¥unis
WumyWoamnuaa (Phosphorylated STATS; p-STATS) gvgneandandisudesalatuaduaiuies
(Dimerisation) wagiadeusiingiandeaiiolunsedunisuanioonvesBuiltisadosiunssuaunis
WUS7 N150g58R warn1simuITenTadilindendoly uenainnisdsdyaia H1un1e JAK2/STATS
pathway waalusiiu JAK2 SadusanarslunisdadyaIariunszuiun1sdy 9 Wy RAS/MAPK
pathway ag PI3K/AKT pathway Hudu?

n1snanenuguassu JAK2 lu Myeloproliferative Neoplasms

Tud w.a. 2548 (A.A. 2005) Hinidwegeies 4 ngusenuMIAUNUAIINagRugyialvailug
Uaenqulsa Philadelphia (Ph)- negative MPN TnenulugUaelsaudindonunsniaund (PV) annds
fovay 97 dwlugielsaniadonuninund (ET) waggUaslsaisdinlulunsegnugugi (PMF) 9y
wuUszannidesaz 50 - 60 Jemsnaneiugianarulunsivdsundasseiuiuiiandlelndsumiei
1,849 T Exon 71 14 w848 JAK2 (GenBank accession NM_004972) TagiU@suain Guanine (G) J
u Thymine (T) dswalinisulasiansnoziludisudl 617 vealusiiu JAK2 Aanainain Valine (V)
naneidiu Phenylalanine (F) Fonniananewusiian “Jak2ve176” msiforiiofnsmavesnisnais
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ftuguinillaonisladu sakavs17r dilUlumadine GesiifauTifiauie wwdyldluaniedid
Growth factor witiu Tnewuiilunedtlaifl Growth factor wadmisAssfifity JAK2V617F @
Fulaldd flannuuanaisainwadinizias ity Jak2 sdadnd (Wild type) F9azlanunns
Wingiulaas detnusinalusiuiifeadestunisasdyaramrmulusiu JAK luwadianats wui
wadwnedseillaBu Jak2ve17F fvsinalushufigniunyreainnuda wu Tusiu p-Jak2 Tsiu
p-STAT5 TUsAU p-AKT waglusiu p-ERK qmdwwaéwm?ﬁyﬂqﬁﬁgu JAK2 wuuUnfegnslidedAgy
mMsTwadinzdediiliu Jakave17F aunsawsalaluan el Growth factor denadasiunis
iAnUsngnsaifidisouvesiinidenuns (Erythroid progenitor) vesfthe PV awnsaisdylslunasn
naadlunnziivin EPO Jududelnlaufisndudmiunszunsadydvlnveadndonuns uaz
ansonudnuasdiertuiludvae ET uay PMF BslundnfunsfinunfawavesBunareiuguin
JAK2V617F Tudninnassnuinnydild Sunisugnarewadlunsegniifidu JAK2V617F uanadnuae
amsvadlsananedugUaslsa PV laud Usunaudadenunsas Usinandinidennigs dduuazinule
Dudiu®?

Tul w.A. 2554 (.7, 2011) ugly avanem wagane LAYiN15dI399AIUYNVBINITNAIEWUS
wila JAK2V617F Tugas MPN 91ilne d1uau 103 Au wagasiamanuduiusyesnisnateiugudin
iifoornmsnatinnuin aumnues JAK2V617F Tugfine Ph-MPN whitudosay 68.8 (66 11891
AU L 96 518) Suundudesar 59.2 (29 Meandthediui 49 s1e) Tudtielsaindnidiongs
Tnglinsivanme (ET) Sesay 80.6 (25 sreaniUaediuiu 31 518) Tufthelsadindenunsgelagll
n3vawne (PV) Sesar 70.0 (7 91831ngUaed1uu 10 918) lugUlelsalunszgniauuudgugd
(PMF) uazfowas 83.3 (5 wannithediu 6 o) Tudthelselunszgnudaidindenuniaunddil
a1mn303zyviald (Unclassified MPN) ag1dlsfimugias CML $ruauiionua 7 518 ldwuindinig
naneusianaIay gUisfifinsnateiiusiiuse i@ Bleeding uay MCV tesninnguitlinaneiug
fAfelamunmuansnsadtinsewhedte ET saesndy Tuftae PV wudnguifimsnaneiug
seeudlulnadusnd wavildwoundadengsninngulsinaneius®

oflefermunasdnsounsiolany we. 2551 (a.a. 2008) seylimsnaneiusuiin JAK2V617F
Wunilslunasidmividadelsalungudnansiuiunisnaneiuguesdu MPLY dwunisnaie
wugvesdu MPL Fududuiiruaunisa¥rslusAuiviviiidu Thrombopoietin (TPO) receptor
wudilugithe JAK2V617F-Negative ET o PMF agnunisnaneuguiiadiiosniiosas 109 doan
Tl A 2556 (a6 2013) Hfswaunmsdununsnateiuguinlmilunguiiielsadnan fadu
nsnaneiuuulaslulong 19 d1ums p13.2 uu Exon 9 9 vesduiiarugunisainslusiu
Calreticulin (CRT) Bafulusiufifunumlunszuiunisisdyuaznsnevesisad Sonnisnanesiug
i1 “CcALR mutation” Tnsnisnanewugiivisnuy Insertion uag Deletion Fsnsnanewugulintny
Tugftae ET uaz PMF fi5lna JAK2V617F-Negative Uszanasosay 25 - 35 uslinulugiae PV iile
yn1sAnuanuduiusnisnadnvesnisnateiusaininuit fUhedisnnissondinuaznnsg
wensailsafininguag JAK2V617F-Positive® visil CALR mutation Tésunsseusuliidunilsly
inaweifitnelunifladousnlsalungy Ph-negative MPNs wosasdnisounsiolant w.a. 2557 (a..
2014) Swfunisnangiudulin JAK2V617F wasnisnaneviuguestu MPL®

Volume 3 | Number 2 | April - June 2021



Asian Archives of Pathology 9

lUsAuuaasAndy (Calreticulin protein, CRT)

TUsfiuueaishgdu (CRT) Wulushufigndansieitulussusmeulanatadn Endoplasmic
reticulum, ER) Tnen1saiuauuesdu CALR Feoguulaslulougd 9 s p13.2 Usznouse 9
Exons SslusAudvimihiindnlunismuaussdureswaaifon wasssdunumddnlunszuiunis
LU?iauuﬂaaimaa%ﬁwaﬂﬂsﬁuﬁaﬂéﬁLﬂiwvﬁsﬁuiwﬂmaiu ER fie viwthAsawduldsaulungy
Chaperone lunsguarunisvanvelusau (Protein folding) Way ﬂiwmumimmaauiﬂwu
(Protein quality control) Tnevintfisauiulusiusaaiindy (Calnexin protein, CNX) uenani
sy CRT Ssanunsonveg udaszaneluisad wueguuinvossad wazwuldluasiiegniouen
wad eflunuimuananaduly Toun unumlunszuiunisinizvessad (ntegrin-mediated cell
adhesion) ununlunszurunisvudsdunislutiiiadva (Gene nuclear transport) ununlu
nszurun1sasdy gy 1aunislulgadaniu JAK/STAT pathway UNUINTIUNSZUIUNITANEVOILEAE
(Programmed cell death) hagunuinlunszuiunisaigveswanlagedessuugiquiy
(Immunogenic cell death)"®

Inssasnsveslusiu CRT Useneumediudfny 3 @ e diuvang N (N-terminus) L uuSm
79UlUsAY Lectin (Lectin-binding domain) daunanadudiuiifinsnezdlusiia Proline $1u3us1n
(Proline-rich domain) wazduuans C (C-terminus) Wudufifuivuaaideylessy (Ca?*-binding
site) LLaxLﬁuéduﬁﬁ@mamﬁ’aLﬁuﬂm (Acidic domain) vinlilutanaiiuszgau (Negatively charged)
UU C-terminus Siddunsnesilufiddayfe KDEL sequence Fadu Signal sequence fiddalunis
danaulusfiuain Golgi apparatus 11 ER”

N13NaNEWUFVaIBY CALR (CALR mutation)

wuimsnanesiuguy Exon 71 9 vesBu CALR Taeiludnuairaes Frame shift mutation dewy
iU Deletion uay Insertion Inganunsautsmudnuasinuveeiiu 2 wuy Ao wuy Somatic 52-
bp deletions (Type | mutation) kagiuu Recurrent 5-bp (TTGTC) insertion (Type Il mutation) Na
21nN"194fin Frame shift mutation A¥ilsiAnn sasislushudifidfunsnozdluinund Tnedidy
nsmexfiluludiuyes C-terminus azgnumusensneziluildy Positively charged unaliAnnis
wWasuguanTaneluluana lildannsaduiu G ¢ wagwuiiiinisuianigluves KDEL
sequence ﬁ'ﬂﬂzjm'ﬁLUﬁIEJuﬁagJﬁJaﬂIUiauLmaL‘ia@au (Altered subcellular localization)"”

1wt w.a. 2556 (A.A. 2013) Klampfl T. wazamuzlavinn1sdnwilu DNA veswaa Granulocyte
(Tumour samples) Lag DNA 989 CD3+ T-lymphocyte (Control samples) a18LnAdla Exome
sequencing lugUaeg PMF 9117 6 AY Falvina JAK2 uaz MPL mutations iy Negative Snitads
wudrfinsnaneitug Somatic TdUszann 2 - 12 wuulufthsusazau uagiinduuudiumied
TndiAesrufeunlasiulongi 19 fums p13.2 vy Exon 1 9 vesduiimuaunsasislusiu CRT®"

nnsAnuilugaslungulsn MPNs §119u 896 AU FarunsnsIamnsnaneiuguosdy
CALR aauwaila Polymerase chain reaction (PCR) LLéj’ﬂﬁNaU’mfl’;uLUU Deletion #SaULUU
Insertion snsnaneiusvestu CALR annsanuldlugtaelsa ET uazdihelsn PMF $ovaz 25 uas
$ovay 35 nudu udlinunisnaneiusvesdu CALR Tuftelse PV ulinsetufnugiasiing
CALR mutation aglainusamfunisnaeiuguesdu JAK2 wagiu MPL® uenanidsiisnsaiudi
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FuugUaelse ET uasdvaelsa PMF Wesninfovay 10 Tina Negative slanisnaneiugnivesgy
JAK2 Bu CALR wagdu MPL Faenin “Triple negative”?”

ofla Nangalia J. wazanz ldvihmsdnwnisnaneiiuglugiaongulse MPNs S1udu 151 Ay
mpmAllA Exome sequencing In8NaNTISANSINUNITNANETUTVRIEY CALR s 26 AuludIuiu 31
AU (Fewag 84) vodUhelsa ET wIedvielsa PMF wilinan1snateiuguesdu JAK2 uagdu MPL
\Ju Negative uEJﬂRHﬂuuNUUEJIiﬂ ET 97U7U 2 AU LLauNUQEJI’iﬂ PMF d1u3u 1 A Tinacdu Double
mutations Apnutienisnaneiiuguin JAK2V61 7F wag CALR widslinsuanudlunisiin nalnlu
MaAangBanIn wazemamandiniidume”

sfoulul w.a. 2558 (A.A. 2015) Jung-Sook Ha wag Yu-Kyung Kim lévinisfinwnauduas
sUBUUYRINITAANIsNateiuguasdy CALR Tuguiengulsa MPNs 913U 168 A (Usgnaunig
fUaelsa PV 91u3u 36 Ay fUaelsa ET d1udu 114 Ay waghUlglsa PMF 97udu 18 aw) menaile
Direct sequencing wu CALR mutation TugUaslsa ET Segaz 58.5 waryUiwlsa PMF Sosay 33.3
woiliwunisnaneiugedailuginelsn PV uaglinusufunsnanefusuesdu JAKZ wagBu MPL
uananidanuirsuuuunisnaneiugiinuainde L367f*a6 (Sovay 53.6) wae K385fs*a7 (Sovay
35.7)® Baninfudsiiff@nuianugnuagainuduiusnisndinues CALR mutation luviansng
UseansvesumazUsewma U Bo Hyun Kim wavamglavinnisfnulunguusseinsyianing?

W Fugy dwlulszme

Nancy Labastida-Mercado wazagzvinmsdnwilunguuszainsyadnln
Tnetfu Htoo Pyei Hlaing wazanzlivinnsAnwiauivessnatiuguia CALR mutation Tu
fihelsaindnidengalaglinsuang ET) waziihelsalunsegnieuuutgundl (PMF) 715 JAK2-
Negative lunguuszvnslnediuau 49 au wuindlanud CALR mutation $eway 42.85 Tufftae ET

il JAK2-Negative Wazdowaz 62.5% Tugfthe PMF 7ifl JAK2-Negative?

8u MPL wazldsau MPL

8w MPL (Myeloproliferative leukaemia) {Jugufioguuuvudsduvadiasiulougi 1 dumus

u
<

i 34 (Chromosome 1p34) Usznausie 12 Exons Saiduduiinivaunisadrsldsaudivimi iy
Thrombopoietin (TPO) receptor Sunuinddalunisuusda (Proliferation) wagni1siasuulas
5U14 (Differentiation) veanza3loles (Megakaryocyte) Faifuiwadfiivinfiadaindnidon e
nsnsgdunszuNMIinanIsiatuiieluanares Thrombopoietin (TPO) wdufulusiiu MPL
vudIuves Cellular Domain ¥ir19lUsAY MPL AR s1UAsuRYAsTUSILAEIAANTEUIUNTS
Dimerisation wagnseaulusiu JAK2 liAinnisidunyneainn (Cross-phosphorylation) 9N
TUsfu JAK2 fignifiumleaisin (Phosphorylated JAK2; p-JAK2) giinngnaasinlsiiunsaoziily
Tyrosine ludau Cytoplasmic domain veslusiu MPL Tusunisiisninng weldmneziunisiu
yaslusiurfindudithelunsdasdaanm JAK/STAT pathway ™

n1sNanewuguasBy MPL

mananeiuguesdu MPL inTuuu Exon 91 10 dnwvaznmsnateiugidunisunuiaiduiuauu
@18 DNA (Base substation) vivlin1sasnslusiufiaiunsaesiiluuaeuly Tngdnvugnisnangiiug
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¥938u MPL vansguuuy Fagunuuveanisnanefugiisinnues T6un MPLWSI5L, MPLW515K
wag MPLW515A \usiu

nsnanestuguy MPLWS15L 1Ana1nnnsiliua Guanine (G) fiuvtadl 1544 Uy Exon 71 10
Qmmuﬁﬁwwa Thymine (T) (1544 G>T) ¥inlwdduvesnsaeziluldsuain Tryptophan (W)
wWasudu Leucine (L)

MsnaeWuSILUU MPLWS15K 1Ana1nmsiididuiua TG duvadl 1543 — 44 yu Exon 71 10
gmmuﬁé’f’méﬁuwa AA (1543-44 TG>AA) vildduresnsnesfiluiUdeusin Tryptophan (W)
wWaswdu Lycine (K)

sNANETUSWUY MPLW515A 1Rn9Innsidisulua TG susmiafl 1543-44 U Exon 91 10 g
wnufided1duiua GC (1543-44 TG>GO) vilsidduvesnsneszfiluiUdsuain Tryptophan (W)
wWasudu Alanine (A)

waInNsnaneudfnadisiuneliiAnnsa¥rslusiu Thrombopoietin (TPO) receptor 7
flassaanaymevhauiiaund Jsilasemuaunsairandaidenlusionie ™

GEIL

winzUsemevziinisnateiuguesdu JAK2V617F 8u CALR uwaz8u MPL Tunqulsalunsean
wAnidadenuninunAfiuandafudmiuanugnuaganuduiusniseain fudeyaiildain
nsfnwRatunisnaneiuguesdudingnil fddyBeionisussgndldiionaunumsinyiuas
wensallsagUaesaly 214t
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Abstract

Congenital pulmonary airway malformation (CPAM), also known as congenital cystic
adenomatoid malformation is a rare congenital anomaly of lung involving the foetal
tracheobronchial tree. It is a rare cause of respiratory distress in neonates. The reported
incidence of this entity is 1 in 11,000 to 1 in 35,000. Here we present three such cases of CPAM
because of its rarity and also to emphasise on the cystic diseases of lung. We also briefly
summarise the CPAM subtypes and differential diagnosis of cystic lung diseases of childhood.

Correct diagnosis is important for better management and hence better outcome in patients.

Keywords: congenital pulmonary airway malformation; neonate; respiratory distress
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Introduction

Congenital pulmonary airway malformation (CPAM), also known as congenital cystic
adenomatoid malformation is a rare congenital anomaly of lung, first described by Chin and
Tang in 1949, The reported incidence of this entity is 1 in 11,000 to 1 in 35,000. The patients
commonly present with respiratory distress, recurrent chest infection and haemoptysis®. The
exact aetiology is not known but there is evidence suggestive of arrested lung development
between 35 and 55 days of gestation®®. Here we report 3 interesting cases of CPAM — one case
of CPAM Type 1 and two cases of CPAM Type 2 (Stocker’s classification), along with a brief
summary of CPAM subtypes according to Stocker’s classification and differential diagnosis of

congenital cystic lung diseases.

Case 1

A one-year-old male baby presented with the chief complaint of respiratory distress in
the paediatric emergency. On examination, tachypnoea was present. He had history of
recurrent chest infections since birth. Computed tomography (CT) scan of the thorax showed
multicystic lesion involving the upper lobe of the right lung. He underwent lobectomy. Grossly,
the resected lobe measured 9 x 6 x 2 cm. External surface was light brown, congested and
pleura was thinned out. Cut section was spongy in texture and showed multiple cysts, largest
measuring 5.5 cm in greatest dimension. Normal lung parenchyma was identified. Microscopy
revealed cysts resembling abnormal bronchiole like structures. These cysts were lined by
ciliated cuboidal epithelium resting on thin fibromuscular wall (Figure 1). Based on gross
feature and histology, the final diagnosis of CPAM of the lung (Stocker Type 2) was made. Also,
there were features of emphysema and interstitial pneumonitis in the adjacent lung. The post-
operative period of the patient was uneventful.

Case 2

A five-month-old male baby presented with respiratory distress. He had significant
history of recurrent chest infections since birth. The clinical history revealed that the antenatal
ultrasonography of the mother was suggestive of cystic lesion in the left upper lobe of lung
of the foetus. The patient underwent CT scan of the chest which revealed cystic lesions
involving the upper lobe of the left lung. Left-sided lobectomy was done. The post-operative
period was uneventful. Grossly, the lobectomy specimen measured 8.5 x 6.5 x 2 cm. There
was presence of single large cyst measuring 7 x 6 cm with wall thickness varying from 0.2 to
0.3 cm. Also, few smaller cysts varying in size from 0.2 to 0.5 cm were noted. Normal lung
tissue was identified at the periphery. On microscopic examination, these cysts were lined by
pseudostratified ciliated columnar epithelium (Figure 2). The diagnosis of CPAM of the lung

(Stocker Type 1) was confirmed.
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Case 3

A one-day-old male infant presented with respiratory distress since birth. On
examination, tachypnoea and diminished breath sounds in the left lower lung field were
present. There was history of prolonged labour and the antenatal ultrasonography of the
mother was suggestive of cystic lesion in left lung of the foetus. He underwent CT scan of the
chest which revealed multicystic lesions involving the lower lobe of left lung. Left-sided
lobectomy was done. Gross appearance of the resected lobe showed smooth outer surface
covered with pleura. It measured 7 x 6.5 x 1.4 cm. Cut surface showed 3 cysts, largest
measuring 5 cm in maximum dimension. Microscopically, variable-sized intercommunicating
cysts resembling bronchioles were seen. These cysts were lined by ciliated cuboidal
epithelium (Figure 3). Focal areas showed features of emphysema and meconium in adjacent
alveoli. The diagnosis of CPAM of the lung (Stocker Type 2) was made. The post-operative
period of the patient was uneventful.

Discussion

CPAM is a rare malformation of lung, presenting usually in children within first 2 years of
life. Antenatal ultrasound plays a very important role in diagnosis of this congenital anomaly.
Approximately one-third of the antenatally diagnosed lesions resolve before birth®. The exact
aetiology of CPAM is not known, however, few reports describing the probable
aetiopathogenesis have been documented. Embryogenic insults occurring between 35 and 55
days of gestation leads to abnormal development of terminal bronchiolar structures of the
lung. Many genes are implicated in the development of lung-thyroid transcription factor gene
(Nkx2), sex-determining region Y-box 2 gene (Sox2), Hox gene (Hoxb-5), Ying Yang 1 gene (Yy1),
fatty acid-binding protein-7 gene (FABP-7), acyl-CoA synthetase 5 gene (ACSLY5), platelet-
derived growth factor B gene (PDGF-B), sonic hedgehog gene (SHH), bone morphogenetic
protein 4 gene (BMP4), sprouty 2 gene (SPRYZ2), Wnt signalling pathways, transforming growth
factor beta gene (TGF-f3) and fibroblast growth factors 7, 9 and 10 genes (FGF7, 9 and 10). All
of these genes have a role in cell proliferation or apoptosis, leading to the various types of
malformations classified under the CPAM classification. These genes are involved in cell
proliferation or apoptosis during various stages of embryogenesis. Any defect in these genes
result in imbalance in cell proliferation and apoptosis leading to malformation of lung®®>?.
Bronchography studies in these cases have revealed that bronchial atresia is the primary defect
leading to the development of CPAM. The type of malformation is based on abnormal lung
growth beyond the atretic segment.

The patients usually present with respiratory distress in approximately 80% of the cases.
It is secondary to pulmonary hypoplasia or compression. Recurrent chest infections,
pneumothorax and rare instances of haemopneumothorax are also seen. It is usually restricted

to one lobe (as observed in our cases), but can involve whole of one lung, or both the lungs.
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The most acceptable classification used for diagnosis and treatment was published by Stocker
(Table)”. In our report, one case was of CPAM type 1 and two cases belonged to Type 2.
Antenatal ultrasonography had revealed cystic lung lesion in two cases. All the three cases

were males and they presented with respiratory distress.

" Haematoxylin and eosin stain
(40x Objective)

Figure 1 Cysts lined by ciliated cuboidal epithelium, resembling bronchiole
[Haematoxylin and eosin (H&E), x400].

Imaging studies — chest x-ray and CT are helpful in diagnosing the cystic lesions of lung
but the confirmatory diagnosis of CPAM is made only by histopathological examination.
Bronchopulmonary sequestration (BPS) is a very important differential diagnosis and its
exclusion especially in cases of Type 3 CPAM is very crucial. Both Type 3 CPAM and BPS are
solid-appearing echogenic masses with well-defined borders. However, BPS has no connection
to the tracheobronchial tree. It receives its blood supply from the systemic circulation via an
anomalous systemic artery rather than the pulmonary circulation, as in CPAM®. Other
differential diagnoses to consider are congenital diaphragmatic hernia (CDH), bronchogenic
cyst, congenital lobar over-inflation (CLO), primary ciliary dyskinesia (PCD), cystic fibrosis (CF)
and Williams-Campbell syndrome (WCS)® In CDH, the herniated organ is intestine.
Bronchogenic cysts are usually isolated lesions originating from the upper airway. There is

unilocular thin walled cyst with smooth surface. Microscopically, the cyst wall is lined by
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ciliated pseudostratified columnar cells. Hyaline cartilage, seromucinous glands and smooth
muscle are seen in the cyst wall. The absence of cartilage in CPAM excludes bronchogenic
cyst®. Congenital lobar over-inflation (CLO) also known as congenital lobar emphysema shows
mild alveolar dilatation without destruction of the alveolar septa™. In PCD, there is
abnormality in the structure or function of the cilia resulting in mucus accumulation in the

13 CF is an autosomal

lungs. Bronchial dilation is present secondary to mucus accumulation
recessive disorder, with primary defect in the function or absence of cystic fibrosis
transmembrane conductance regulator (CFTR) gene. There is thick viscous mucus leading to
obstruction of exocrine glands and bronchi lumens. Features of brochiectasis, emphysema

F% WCS is a rare congenital syndrome

and abscess secondary to infections can be seen in C
characterised by cystic lung lesions associated with absence of cartilage in the subsegmental
bronchi leading to bronchiectasis distal to the affected bronchi. There is bilateral involvement
of lungs along with associated anomalies such as congenital cardiac diseases. Microscopic
examination reveals absence of cartilage in the bronchial wall™. Other cystic lesions in lung
are cystic teratoma and enteric duplication cyst. Cystic teratoma contains derivatives from all
the three germ layers''Y. Enteric (oesophageal) duplication cyst is lined by stratified squamous
or gastrointestinal epithelium and contains smooth muscle layer. These entities may also be
considered in the differential.

Early pathological diagnosis is very important in congenital cystic lung diseases to
determine the prognosis. Surgical resection - lobectomy or non-anatomical segmentectomy
is mostly recommended for management of CPAM. Early surgery may help in adequate growth
and expansion of the remaining lung to restore the total lung volume and ensure satisfactory

pulmonary function'*®.

Conclusion

To summarise, CPAM is a rare congenital malformation of lung presenting with respiratory
distress in most of the cases. Proper histopathological examination is crucial for excluding
other differential diagnosis and rendering correct diagnosis. The classification of the lesion

further helps in management and allows assessing the prognosis of the patients.
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Figure 2 Cysts lined by pseudostratified ciliated columnar epithelium. A (H&E, x100); B

(H&E, x400)

Volume 3 | Number 2 | April - June 2021



Asian Archives of Pathology
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Figure 3 Cysts lined by ciliated cuboidal epithelium, resembling bronchiole (H&E, x100).

Table Stocker's classification of congenital cystic adenomatoid malformation of lung.

Associated
Stocker | Incidence
congenital Origin Gross feature Microscopic feature Prognosis
type (%)
anomaly
0 1-3 None Tracheobronchial Small and firm lungs with | Bronchiolar type structure Incompatible with life
diffusely granular surface with cartilage, smooth muscle
and glands separated by
abundant mesenchymal tissue
50-70 11% Bronchi/bronchiole Predominantly cystic type | Cysts lined by pseudostratified Excellent following
(3 - 10 cm) surrounded ciliated columnar epithelium, resection, Rarely
by smaller cysts confined | fibromuscular wall with undergoes malignant
to one lobe occasional cartilage plate transformation
Il 10-15 50% Bronchiole Multiple medium sized Cysts resemble bronchiole-like Good,
cysts (0.5 - 2.0 cm) and structure with cuboidal or No malignant potential
blend with the adjacent columnar lining epithelium,
normal parenchyma thin fibromuscular wall, no
mucous cells and cartilage
I 5-10 None Bronchiolar/alveolar | Large bulky lesion with Irregular, stellate shaped Good,
small cysts (< 0.2 cm), bronchiole-like structures lined No malignant potential
involving an entire lobe by cuboidal epithelium,
or even an entire lung surrounded by alveolar ductules
and saccules that are lined by
cuboidal epithelium
Y2 2-8 None Distal acinar Large cysts, up to 10 cm, Cysts lined by flattened alveolar | Associated with type 1
involve an entire lobe epithelial lining cells with Pleuropulmonay
underlying loose, fibrovascular blastomas
mesenchymal tissue
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B References: Maximum of 150

®  Figures or Tables: Maximum of 6
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table legends)
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B References: Maximum of 20

®  Figures or Tables: Maximum of 4

5. Case Ilustrations
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presentation or description, laboratory investigations, discussion, final diagnosis, and up to
5 take-home messages (learning points). Regarding continuous learning through self-
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medicine or medical jurisprudence), molecular medicine or pathobiology. The submitted
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®  References: Maximum of 5
®  Figures or Tables: Maximum of 2
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also acceptable, but their title pages, abstracts, and keywords must contain both Thai and
English. These English and Thai manuscripts are prepared in Ad-sized Microsoft Word
documents with leaving 2.54-cm (1-inch) margins on all sides. All documents are required
to be aligned left and double-spaced throughout the entire manuscript. The text should
be typed in 12-point regular Times New Roman font for English manuscript and 16-point
regular TH SarabunPSK font for Thai manuscript.

The running titles of English and Thai manuscripts are placed in the top left-hand
corner of each page. They cannot exceed 50 characters, including spaces between words
and punctuation. For the header of English paper, the running title will be typed in all
capital letters. The page number goes on the top right-hand corner.

Footnotes are not used in the manuscripts, but parenthetical statements within text
are applied instead and sparingly. Abbreviations should be defined at first mention and
thereafter used consistently throughout the article. The standard abbreviations for units
of measure must be used in conjunction with numbers.

All studies that involve human subjects should not mention subjects’ identifying
information (e.g. initials) unless the information is essential for scientific purposes and the
patients (or parents or guardians) give written informed consent for publication.

2. Title Page

The title page is the first page of the manuscripts and must contain the following:

" The title of the paper (not more than 150 characters, including spaces between
words)

B The full names, institutional addresses, and email addresses for all authors (If
authors regard it as essential to indicate that two or more co-authors are equal
in status, they may be identified by an asterisk symbol with the caption “These
authors contributed equally to this work” immediately under the address list.)

®  The name, surname, full postal address, telephone number, facsimile number,
and email address of the corresponding author who will take primary
responsibility for communication with AAP.

B Conflict of interest statement (If there are no conflicts of interest for any author,
the following statement should be inserted: “The authors declare that they have
no conflicts of interest with the contents of this article.”)
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3.

4.

Abstract

A structured form of abstract is used in all Original Article manuscripts and must
include the following separate sections:

®  Background: The main context of the study

B QObjective: The main purpose of the study

®  Materials and Methods: How the study was performed

B Results: The main findings

®  Conclusions: Brief summary and potential implications

B Keywords: 3 - 5 words or phrases (listed in alphabetical order) representing the

main content of the article

Introduction

The Introduction section should clearly explain the background to the study, its aims,
a summary of the existing literature and why this study was necessary or its contribution
to the field.

Materials and Methods

The Materials and Methods section must be described in sufficient detail to allow
the experiments or data collection to be reproduced by others. Common routine methods
that have been published in detail elsewhere should not be described in detail. They
need only be described in outline with an appropriate reference to a full description.
Authors should provide the names of the manufacturers and their locations for any
specifically named medical equipment and instruments, and all chemicals and drugs
should be identified by their systematic and pharmaceutical names, and by their trivial
and trade names if relevant, respectively. Calculations and the statistical methods
employed must be described in this section.

All studies involving animal or human subjects must abide by the rules of the
appropriate Internal Review Board and the tenets of the recently revised Helsinki protocol.
Hence, the manuscripts must include the name of the ethics committee that approved

the study and the committee’s reference number if appropriate.

Results

The Results section should concisely describe the findings of the study including, if
appropriate, results of statistical analysis which must be presented either in the text or as
tables and figures. It should follow a logical sequence. However, the description of results
should not simply repeat the data that appear in tables and figures and, likewise, the same
data should not be displayed in both tables and figures. Any chemical equations, structural
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formulas or mathematical equations should be placed between successive lines of text.

The authors do not discuss the results or draw any conclusions in this section.

Discussion

The Discussion section should focus on the interpretation and the significance of the
findings against the background of existing knowledge. The discussion should not repeat
information in the results. The authors will clearly identify any aspects that are novel. In

addition, there is the relation between the results and other work in the area.

Conclusion
The Conclusion section should state clearly the main summaries and provide an
explanation of the importance and relevance of the study reported. The author will also

describe some indication of the direction future research should take.
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acknowledge, please write “Not applicable” in this section.
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should be cited numerically in the order they appear in the text. The authors should
identify references in text, tables, and legends by Arabic numerals in parentheses or as
superscripts. Please give names of all authors and editors. The references should be
numbered and listed in order of appearance in the text. The names of all authors are cited
when there are six or fewer. When there are seven or more, only the first three followed
by “et al.” should be given. The names of journals should be abbreviated in the style
used in Index Medicus (see examples below). Reference to unpublished data and personal
communications should not appear in the list but should be cited in the text only (e.g. A
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Tables

The tables should be self-contained and complement, but without duplication,
information contained in the text. They should be numbered consecutively in Arabic
numerals (Table 1, Table 2, etc.). Each table should be presented on a separate page with
a comprehensive but concise legend above the table. The tables should be double-
spaced and vertical lines should not be used to separate the columns. The column
headings should be brief, with units of measurement in parentheses. All abbreviations
should be defined in footnotes. The tables and their legends and footnotes should be
understandable without reference to the text. The authors should ensure that the data in
the tables are consistent with those cited in the relevant places in the text, totals add up

correctly, and percentages have been calculated correctly.
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The legends should be self-explanatory and typed on a separate page titled “Figure
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If the tables or figures have been published before, the authors must obtain written
permission to reproduce the materials in both print and electronic formats from the
copyright owner and submit them with the manuscripts. These also follow for quotes,
illustrations, and other materials taken from previously published works not in the public

domain. The original resources should be cited in the figure captions or table footnotes.

Figures

All illustrations (line drawings and photographs) are classified as figures. The figures
should be numbered consecutively in Arabic numerals (Figure 1, Figure 2, etc.). They are
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Proofreading

The authors of the accepted manuscripts will receive proofs and are responsible for
proofreading and checking the entire article, including tables, figures, and references. These
authors should correct only typesetting errors at this stage and may be charged for extensive

alterations. Page proofs must be returned within 48 hours to avoid delays in publication.

Revised Manuscripts

In many cases, the authors will be invited to make revisions to their manuscripts. The
revised manuscripts must generally be received by the Editorial Board within 3 months of the
date on the decision letter or they will be considered a new submission. An extension can

sometimes be negotiated with the Editorial Board.
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Asian Archives of Pathology (AAP) is an open access journal. Open Access makes your
works freely available to everyone in the world. It provides a significant boost to the readership
of your articles, and has been shown to have an increase in positive influence on citations
and reuse. Hence, open-access leads to more recognition for our esteemed authors.

The journal has been sponsored by the Royal College of Pathologists of Thailand. We
have the policy to disseminate the verified scientific knowledge to the public on a non-profit
basis. Hence, we have not charged the authors whose manuscripts have been submitted or
accepted for publication in our journal.

Since AAP is also a peer-reviewed journal, the submitted manuscripts will be reviewed
by the members of the Editorial Board or the expert reviewers. The decision on these
manuscripts is processed very fast without any delay and in shortest possible time. The
processing period is 1 — 2 weeks. These decisions of the reviewers are unbiased and the
decision (reject, invite revision, and accept) letter coming from the Editorial Board is always

conveyed to the authors.
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step T:

Step 8:

Access www.asianarchpath.com

If you did not register before, please create an account first.

Login with your username and password.

Click the “+ New Submission” button on the upper right-hand side of the page.

Proceed to fill up the Submission Form online and follow the directions given

therein.

Upload your manuscript file (s).

Re-check the content of your manuscript (s) and the uploaded file (s) more
carefully prior to the submission. If you have submitted your manuscript file (s)
incorrectly, you must contact Editor-in-Chief of Asian Archives of Pathology
immediately. The Editor-in-Chief can clear the incorrect attempt and allow you

another submission.

Click the “Submit Manuscript” button under Important Notice.

If you have any further enquiries, please do not hesitate to contact the Journal.
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