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The perspectiveness and tendency of forensic autopsy
About applications of forensic molecular pathology

Chih-Hsin Pan™

Abstract

To utilize the diagnostic methods and techniques of molecular pathology is one of the
most important tendency of forensic pathology. Routine hemotoxlylin-eosin stains and
special stains in traditional histopathology or cytopathology only show the morphological
pathological changes on tissue or smear slides. Molecular pathology, including
immunohistochemistry, in situ hybridization and immunofluorescence, can demonstrate the
pathological changes and evidences of molecular levels, including protein, nucleic acid and
gene levels. It assits forensic pathologists a lot to investigate death and to make diagnosis of
cause of death, increasing sensitivity and specificity. Institute of Forensic Medicine,
Ministry of Justice had performed the program “To establish national forensic molecular
pathology and microbial forensics laboratory” since 2013, and developed the diagnostic
methods and techniques of molecular pathology year by year, applying in forensic autopsy
Cases.

Key Words: Forensic autopsy, Forensic pathology, Molecular pathology,
Immunohistochemistry, In situ hybridization, Immunofluorescence

* The techniques and methods of molecular pathology in this article were established by Ministry of Justice’s
programs “To establish national forensic molecular pathology and microbial forensics laboratory” from 2013
to 2015. [The number of programs are 102-1301-IFM(09)-03 ~ 103-1301-IFM-(06)-02
104-1301-1IFM(8)-02) ]

™ Chih-Hsin Pan, Principal Investigator, Medical Examiner, Anatomic Pathologist, Forensic Pathologist,
Department of Forensic Pathology, Institute of Forensic Medicine, Ministry of Justice, E-mail:
acpanp501361@gmail.com
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Bk F 2 0k FRLE (Forensic pathology) & A# > ~ 238 * 3]
1@ (Anatomic pathology ) =75 $rHc s = j2 > H (77~ R F]~ 7= Sz = 3 5\
RN e %vfﬁl‘i’%‘fmﬁ— ?"? ARF BRI EEY £ HEY
(Molecular pathology ) » & 3& %% £ (Immunohistochemistry, IHC) %4 ~ &
=322 (In situ hybridization, ISH) %L ¢ 2 .9 ¥ & (Immunofluorescence, IF) % ¢
SROETHATE 2 R MR BZF A B AOHAA S SRR © FRRRPE LA
R ¢ 2009 & Ty 5% (5 it % B2 et & 2 B ) (Strengthening Forensic Science in the
United States: APath Forward ) » 2 3% 35 i* /% %5 =R R FEY FTH YT @
T TR e g 2

odBae R FREg RRn

A3 CfER e fudp 2 “autopsy” 0 Hik &R IRp 3t K UEGE“autopsia” > F4IEL
d outoc (autos, "oneself") 2 Gyic (opsis, "eye™) =& > % “to see for oneself’ =13, 4.2 »
A Cp e REERVECR B VR R RHEIEE 2 R IR S 2
CEILR-T F - E 4k (Giovanni Battista Morgagni, 1682-1771) 3z .t Y REE
2 % @i 2+ 25 % (Rudolf Carl Virchow, 1821 —1902) *ef 2 4% % B
EER o dAE %?1‘ AT E > 42ge 2 %ﬁ;’%d{d %ggm ( Medical doctor, MD )
NEFBFFA BRL DL FERENE L2 F R I R )ﬁsﬁ'%ﬁ-ﬁgéﬁ
( Anatomic pathologist, AP ) #% {7 » fe ;2 Fﬁ f&2|e7 = J F] (Cause of death, COD )
Bh>Fd R2FELORIHRE P FFRGT > F 1959 £ X FHEE €5 )
% an,z Fﬁ Jgaﬂ'émfi?ﬁ fF2& 2 (Forensic pathologist, FP) -

! National Research Council. National Academy of Sciences (2009), Strengthening Forensic Science in the
United States: A Path Forward, Washington, D.C. : The National Academies Press, p.267.

2 https:/en. Wiktionaryorglwiki/autopsy

e FUfz2 8 7o HemIL i3 B 5 - Pmafld > g & £ & ¥ (% De Sedibus et Causis Morborum
per Anatomen Indagatis (The Seats and Causes of Diseases Investigated by Anatomy, 1769) » 5 = & st 3=
?Fﬂf PR RN E T IR o httpsi/en.wikipedia. org/vviki/Giovanni Battista_Morgagni -
&W?F“"’Fﬁ RO R RARELE > Y P RIL 2 2 e HILE I 2T
- B iR i85 > hitpsi/fen.wikipedia. orgIV\nkllRudoIf_CarI_\/rchow
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FA0 1988 & B AL P FEEFHAT d IRHELPFENGF
§ R e k225 7 (Pathological diagnosis ) - i&@ »+ 2014 & 4 7 d 4 psiR F &
29 %mé%@iﬂ’%;}igsw"ﬁé C Rt A e ad B9 ,z?s.;%ggygyg
RIS LR RILE S ETH S 2 o U F R WA

ERELE L FH2 HELE 0 A A S RILEEY T 4 B PR
TR e Lk w»%ﬂﬁﬁ{,%ﬁrﬁﬁW?&mﬁﬁ+@ﬁ T
FESPCT R PHYE O REER LA ER TR RIS 2 LR

CETERT R L) X *é%ﬁpﬁ—ﬁf@ﬁ’ﬁ%ﬂfﬁﬂﬁ%mw
BREFER o5 -

ViR F A RILRE

& (19878 & 3 A4 P 20 FHF P 1% DNAGp R T HINE 7 B
N R LR T AL Frapmye RIS FHFL o 54
P72 REFV(ERFE P A ) 7= 3 (AR R p BB
2R FIARET IS LR AR R 2 PR R R 0 A5 RIS L
% 4 3 i (Molecular biology ) 38 % 1 i £ 3t RIS o

i FORIE S pILE R ST E 0 d AR R AR e e
etz R HRILRT o BT RFISETE SR B pI e sy e 02
?7—‘1‘ RF|FTP Hir e R - TR o %5;)%;25?1@%&—% PES ?#é%%ﬂ e
It B 15 0 L e BT o Pé:}?ﬁﬁ%ﬁﬁ EQERRIY - ELEZS A A E

B

B 1 B ?fr‘\"]‘?ﬁ& ’.&%TL o JE I T )i;;rm_g:,f AN E = TR 2
%Qéﬁﬁ’éﬁ}ﬁ?‘ﬁ&\%ﬂ%&7ﬁﬁ%w,ﬁpng@imiﬁ%
RN B AR TR BRI POTRAT R B T RS A
W EARE Wik FARATL R 2 F A RIS AR T g ¢

SOREAL P FFELF R o ¢ EART7E 107 20 p ArchiEd FOF FF 6 762456 50237
oo d EARIG £ 120 24 p Fretaird F iy F T % 0960215497 L4 B #F 5 10 2

SHLG A BRI (2015)) At & F FHAABRF AR FRYV HR O ARFES
75 11(2) ¢ 25-42 -

7 Merz, B. (1988). DNA fingerprints come to court. JAMA, 259(15), 2193-4.

& Zumwalt, R. E. (1989). Application of molecular biology to forensic pathology. Hum Pathol., 20(4), 303-7.

% Madea, B., Saukko, P., Oliva, A., and Musshoff, F. (2010). Molecular pathology in forensic
medicine--Introduction. Forensic Sci Int., 203(1-3), 3-14.

1 Maeda, H., Ishikawa, T., and Michiue, T. (2014). Forensic molecular pathology: its impacts on routine work,
education and training. Leg Med (Tokyo) 16(2), 61-9.
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PSR S F AL (72 A -2 iz % ¢ (Hematoxylin and Eosin stain, H&E stain )
o AT R RAA BRI EL RIS CARFRLS F
Pl > ik FoRIL G LR ER AL (TR I o o

i%’if‘:ﬁ‘.ﬁ%‘« CELd R %?ﬁ:;glj:;]%,; » TR E ﬁ]ﬁ;’)ﬁ”ki’/}é\ﬁﬂ Fi'f“ill o ik EPE
FEY - AS A kg BT T BT ARLE S G LR Ep S
B3 Glde  S100% ¥ 5 20t i &7 sk 35 (Myoglobin) = 4
% #9us fa (Rhabdomyolysis) 2 & 1545 i 6 $4Rze™ » 5020 5 3er Hhse
FHapb k4 o= 2 K agmA g o pob s T R %?@:‘;‘L;;%;[:grﬁgg\:{z PR F R &
ST Al

ﬁu:}i.f‘:ﬂ.f‘%‘i CEAF 2 RIS FUEE - BIRBURES > B LIV EE
Pse st PR d A (E% B4 0 T OF R R M m \ R A R 2 AR
HRSAH I RT A L0 Wk S R FARETEY FRR B o R F TS
#£3',3-diaminobenzidine, DAB (12 ¢ ) ~ 3-amino-9-ethylcarbazole, AEC (3304 ) %
Liquid fastred (% 4= d ) 245 FTRMpEd 2 b > P iR F o FBFR* o LAl
BOFAS B HREG AR AR - AR L Bl A FEEY -
A

R A ORILL I - FRASFRE 0 F RN TR R
dARE P Eokikie o iedm R RS o RIS UFEEET A S e g B
DNA - & 1DNA~RNAZ % 5 it - DNATeRNAE £ 5 £41% & 3 78 i
PR R ST U £ S WUE 0 2 B R R o ) Bk R T A S
Hedfiidhis o @ 4732P ~ 35823H - 2tanitii e o bl4ebiotinrs £ diogoxigenin o
S EZe FIR R R CMELE A AN E X 2P ERRE AR R Y o 2ac
i anfiie s B ke 2 P B E BRI o

L Bromley, A. B., and Trotter, M. J. (2011). Immunohistochemistry utilization in autopsy pathology: a
Canadian experience. Pathol Res Pract., 207(4), 241-6.

2 Maeda, H., Zhu, B. L., Ishikawa, T., and Michiue, T. (2010). Forensic molecular pathology of violent deaths.
Forensic Sci Int., 203(1-3), 83-92.

B Li,D. R, Zhu, B. L., Ishikawa, T., Zhao, D., Michiue, T., and Maeda, H. (2006). Immunohistochemical
distribution of S-100 protein in the cerebral cortex with regard to the cause of death in forensic autopsy. Leg
Med (Tokyo), 8(2), 78-85.

1 Premru, V., Kovac, J., and Ponikvar, R. (2013). Use of myoglobin as a marker and predictor in
myoglobinuric acute kidney injury. Ther Apher Dial., 17(4), 391-5.

> Gaaloul, I., Riabi, S., Harrath, R., Evans, M., Huber, S., and Aouni, M. (2011). Coxsackie B3 myocarditis in a
case of sudden unexpected death in young athlete: histopathological, immunohistochemical and
molecularpathological for diagnosis. Forensic Sci Int., 208(1-3), e10-4.

15 Kumar, A. (2010). In situ Hybridization. International Journal of Applied Biology and Pharmaceutical
Technoogy, 1(2): p. 418-30.
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RAKELS ZHIH FRIUR B - g £ 2 Bt @ L R BB R R R *3“
Lo A3t e ety - BAJIY B8 §kd FHTabilem e
B REAAE TR kTR EART A SRR (Dlrect method ) £2 & #:s
i (Indirect method ) Y7 o B 4% % 95 * - mrRE T H § ¥ X ke Fp -
SRR IER STV LY R AAE (TR P RRL AR HEL S s T E
F o AR K ki Bl o BRI R G- BARTEY (8 JIF A g ¥ Sk TR
s BFUY - BFRISEF 0 22T FRIR o Rk iksed [ e EFITC
(fluorescein isothiocyanate ) ~ TRITC (tetramethyl rhodamine isothiocyanate ) ~ PE
(phycoerythrin) % PerCP (peridinin chlorophyll protein complex) % o f.5% ¥ k4 4
EREEE P h- P REBAREE B LR R A LR AR
BEEI AT e ARFRAS - BAJIF ATH RS BFLN T T
B NF 3 AT - TS KT T S Ry R 2 AP R D bR o

FARERE LS BERFRAS T LA ORIy P T
?F@éﬁﬁﬂﬂﬁaﬁﬂnﬁﬁﬁi%$ EA41* 22 DNA 2 RNA B 7k 3+ e
#’%@gﬁﬁh%JWWF@Mﬁﬁmamaﬁm’“:ﬁﬁﬁ?%%*?w:
BT B Ry o e B B G WP T2 AR B2 7T 0 T
VR O PR RAT o AR A FIfIT gk A ER S HRRARLA
Ri-FAIF o rﬁ:@i%ﬁp_%&j SRS ET € _‘ﬂ:}fﬁiﬁ#@‘ﬂb‘_% e s if‘.ﬁez—katé‘fqbé
EFRirFIAILGRAEIE LE R %ﬂ;fb%‘?zw 4B F P Na%‘rr‘ m}ﬁg_* -
Booom R A T ERIF e pa Pk A B 3 AT R 0

B RO HIET 0

d AL R B % AR AR R iR o PR FERRIR P R e R B
PR R o ¥ F R AL SRR o BANMERIE P b Y R
WA SHRMERE > RA > FFIARLERES D S BARAY -2
Hod gpILer 5 BLRE R 0 L IE- Y B R e S e
P REP A E AR MR I;IJ—Qr'ﬁ MR GTRMFE }Fa/%'%@mw‘ 4

BHET pd LA » cRA R L3 BB ang - b ER 2 R

T P RFFHT RSP B Bp R R TR 0 8 R LK
&itg A0 o http:/ivettech.nvri.gov.tw/Articles/institute/429.html
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VAR 4§ vk (B114)0 1 &k s o (Myoglobinuria) > #t ¢
THO kP N2 g v e o B Ak d g (Myoglobinemia) o F] G s
}E’ EYe %@‘It’ © ]'; —;;/\,FE KA, E“‘ﬂvguj;}n j\a L‘?iﬁ*ﬂ‘l’}’x AU, ‘,L-'C’/\l»." Y *ﬁ U

FRvuA g & B Re (R 2400 ERVE B 2 e ok o g e
N 1}5}9 Faovrakde BRI 0 N gBE-)‘Ff\ ° d_ffihi"‘ AR ard
Fo o PRSIk Ed Fko BT kRO ER X 3 Rl g ERTUBA LI &
FECEVEN Tt - S ?,mg fiéigcfis (Creatine Kinase) » #op ¥ efit% >
g TP R AU B R > RRVURRRE A 0 Vg Ripps e T B diic
T HE o Rm o PRGN BV VA w0 T ARG A RSk
EF 5y o R AN FHET QBT AZTRRIF L St G2y
PRS0 5 AR eg TR TS
LEap R 0 TG AARR BRI Sues o

2 - IR TP
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-nJ 1:?}
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\eW
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18 )éiﬁ‘ n;ﬁt\g*pm\gﬁpﬂlo%ﬁ, %,Lg’;igﬁﬂﬁ)«/;%ﬁ #H“%ﬁ*}iﬁ"' B o
2014 & gzt gt ¢ (TARS) 2014 ; 227-231 -
19 Zimmerman, J. L., and Shen, M. C. (2013). Rhabdomyolysis. Chest, 144(3), 1058-65.
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B2 TLEp G A E5¢ IpRmmf
(A )

Bl L1 »~Efuntesd R4

'.... 0 o 03, < ..‘,,\ :
g4 Fastred) SR Fatred)

S REEN GRERG R

R BRI (Diffuse Axonal Injury, DAL) ¢ i 44 5538 5 & 2 cdf i 430
2- o B R FEF L e AR AT i S e 4 A TG R 0
WA BERIRAIG R o DAl S ETE R AR G- (R 2-1) 2 85
5 (F2:2) BRMEIT G2 I « 25 5052 DAl ke - L pmgpr
* RS 7 A e Ak © B39 (B-amyloid precursor protein, B-APP ) 7
EHCF LS T AE P DAL BT 2 gy i LR I F RS 0D AR

® Sara S, CarloP. C., Fiorenza Z., Alessandra A., Giancarlo Di V,, Massimo F. C., (2012). B-App
immunoreactivity as diagnostic tool of Diffuse Axonal Injury (DAI). Rom J Leg Med., 20 (2), 89-94.
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35 A4 IR & 2 RIE] B-APPT  FIR T L LTS BRI § ik
519 iﬁié e $Rd BT ERFE “is‘.v*%% vai'JF%
AR o ARFACRE G AF YR RAE RS R - SR ER -5
Mo FRBOBILAS o EFRAN - R 2 AR QAQEL -
FRBLRIIGRAT G ORI o AR R P S E s R RS
BLED G AR PRI G p g 0 N gd AR EREFAI 2N RN
TAF § 14997 e AR « ATRAETR £ LI S m (F123 % F12-4)-
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P 2 * "‘
- Y .
- )’ vl

Bl 2-1DAl %2 » eﬁ,i ug,,\;};,,; ;F;;w% it B 2-2 DAl F > R R AR mIL R T
(k ,;tg_f,_ wd) (Sevier-Munger 424 ¢ )

B 2-3DAIl % i* ’B-APP Ad F IR ~ B 2-4DAIl % i B-APP 4 ¢ & i * ﬂ*”’#ﬁ
ERAETH A G R (LA BRI FZ Fh0R (LReSi-F214 > DAB)
¢ > DAB)

% Hortobagyi T., Wise S., Hunt N., Cary N., Djurovic V., Fegan-Earl A., Shorrock K., Rouse D., Al-Sarraj S.,
(2007). Traumatic axonal damage in the brain can be detected using beta-APP immunohistochemistry within
35 min after head injury to human adults. Neuropathol Appl Neurobiol., 33, 226-37.
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2 Rouphael, N. G, Talati, N. J., Vaughan, C., Cunningham, K., Moreira, R., and Gould, C. (2007). Infections
associated with haemophagocytic syndrome. Lancet Infect Dis., 7(12), 814-22.
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LAFRIREL RFLITELEAESE BT R
TR e s R o LA A d SRR AR B TR #\J}%E*ﬁfii’f"*ﬁ
el 0 ARGE- WHieSkA T M omE T«It"ﬂfffa},%! o EEE L & giﬁrsi'ﬁ
N %#\%Ef?A%fii;';fﬁ%/’v\%‘r CRIAATE RE R G R R ER G L e
FIt o FROMEERE  TE Rt A S RIS R Rl R LT T A
SRR e 8 4 - WEIREOE R 0 TSI > F AL A S mI
T SRR T AR B LT RACR > TP B BRI R PRI
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(=) i me ¥ Rt
R AR A R AR TR R 0 B IO R S el BESR F(Neisseria

meningitidis) » € i =& ~ RIZIEER ~ e Rk FEINEE ~ ML AT - o
5 ARR Btk (hotf A 45 » w RS TR o e 1 L TR A A
T FR AR 0 R 2 FA R R R 0 - LR RS TR

WERZEE D F TRV A GV AR AR LR R R R
e ,;P‘;Ij';mﬂs FURTHET 1 AR %ﬁ: FlEi st ey B R T AR
“ﬁiﬁ’ﬁﬂaﬁﬁi%iL’ﬁm\h@ wﬁﬁ?%b &@—w%ﬁ%
T L BREY &R mmi—%]ﬂfrﬂi" BB %Ij:ﬁ:]m}a-_i ) f"}?r,—TH'*W
FHRBLE TGO TR S Mo s vl s R A i R epTRR T o AP Lt
EL%I B d 2R ERT WP ﬁ:]?]#m}fi' T (B4-1): AkE8P)8 0
T EIRFR AR RG] VY AR ER L R ESE .

(=) B <

B9 5 (Creutzfeldt-Jakob Disease, CID) - 87 R ehfd (14331 fhpop
H R R LR R R FE 5G9 (prion) ARl Pl s e id
SA e 2 R R AR 0 B R £ SN LRI B
UL EEIE R S R S S SER R B U SR P
{EB~18 CKH%F%J oA 1% LR i B d g le e RIS 15 e 2
PRt (B14-2) A k5202 CID % 27 B (TAFRD U1 ¥ A RS $o Faiis 4

,,m \+N:‘

3

B ER RS R IE O E R P G P RRTAeL e - e
http:/Aww.cde.gov.tw/professional/Meningococcal_meningitis

PRI RE Y QARAL P A RO AR B R
http:/Awww.cde.gov.tw/professional/CID
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(2) B

SR e 2RELOONFIRI TS ANEL 2 RB L2 - v B
Fit% 5] (Mycobacterium tuberculosis) g % = > s fF? 2 %9 - L% P d -2 %
AL d 0 s fidapk ) (acid-fastbacilli) o « 304 0% ¥ Flp E g5 4 @ 3 ¢ 3
T R F 0 S iR S LS S SRR
Fam’-‘i--& £:$2600 5 45 op'zﬁ 2 *?’#'gj_§5¢4$*]?5$91(1§]4-3)
,z?ﬁga:—?;ﬁd sy P R T ) u#;‘;g;‘;g;ws?w kB FLET - BT I Fais
M2 ¢ (Acid-fast stain) %?,:,E.:%‘«*f B RSP R (15%7]4-4)’ R T 2Ry S
FREIT R R R FRA I SRR S 2 - T R B IR Ee
T A T HRF LA R AP S LR #mﬂ‘ﬁ SR K N
Fd o FREFPLE LI Ao LA RS HAE RIGE 0 &4 ARy
B2V R e B d MBS ApHEE o SRR e
e (Bl 452 Bl 46)- :‘é%/}—?vﬁiﬂﬁﬂlf&’* TERF RS AR R R FE
T2 AFRER o

B ARt E R QRp 45 ¥ RO Bhop
http:/Aww.cdc.gov.tw/professional/Tuberculosis
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% WHO. (2012), Global strategy for dengue prevention and control. Geneva: World Health Organization.
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http:/Awww.cde.gov.tw/professional/Leptospirosis

¥ Zanoni DS, Grandi F, Rocha NS. (2012). Use of the agarose cell block technique in veterinary diagnostic
cytopathology: an "old and forgotten™ method. Vet Clin Pathol., 41:307-8.
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Tt A ETHNRA T S ER ARVC A FIR 2R * 'liftlf—?}?& F%
DTy 5 -

3 Asimaki, A., Tandri, H., Huang, H., Halushka, M. K., Gautam, S., Basso, C., Thiene, G, Tsatsopoulou, A.,
Protonotarios, N., McKenna, W. J., Calkins, H., and Saffitz, J. E. (2009). A new diagnostic test for

arrhythmogenic right ventricular cardiomyopathy. N Engl J Med., 360(11), 1075-84.
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