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[Abstract] Objective To investigate the clinicopathological and molecular genetic features of
cortical tubers in tuberous sclerosis complex (TSC). Methods and Results Two girls, one was 33 months
old and the other was 15 years old, presented paroxysmal strabismus and intermittent panic with convulsion
of limbs. Head MRI revealed focal cortical abnormal signal and multifocal cortical suspected abnormal
signals indicating focal cortical dysplasia (FCD). The implantation of intracranial electrode indicated
epileptogenic zones, and multi-lobectomy was conducted to remove the epileptogenic zones. From the gross
specimen, gray matter nodule and banded heterotopic gray matter were observed. Histological examination
showed uneven cortical thickness and heterotopic gray matter. Part of the cortex showed giant heterocyst
proliferation with big nuclei and obvious nucleoli, and involved deep white matter with calcification.
Neurons with deformed nuclei, giant cells and obvious proliferation of glial cells could be seen.
Immunohistochemically, the dysmorphic neurons were positive for neurofilament protein (NF) in cytoplasm,

giant cells were positive for glial fibrillary acidic protein (GFAP) and vimentin (Vim) in cytoplasm, and the
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diffuse positivity of GFAP in cortex indicated obvious proliferation of glial cells. Combined with clinical

data, Case 1 was diagnosed as cortical dysplasia in multiple lobes and one renal hamartoma, and Case 2

was diagnosed as cortical tubers in multiple lobes and heterotopic gray matter. They were diagnosed as

suspected TSC. Genet detection found TSCI gene in Case 1 had ¢.647_648del heterozygous mutation

(nonsense mutation) and 7SC2 in Case 2 had ¢.4672G>A heterozygous mutation (missense mutation). The

diagnosis of TSC was confirmed. Conclusions TSC presents variable clinical features. There are several

overlapping features in the aspect of histological morphology between cortical tubers and FCD I b. The

confirmed diagnosis of TSC should consider clinical manifestations, imaging and genetic testing, not only

the histological and immunohistochemical features which easily led to misdiagnosis of FCD I b.
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Figure 1 Head MRI findings of Case 1 showed large sheet isointensity or slight high-intenisty signals (arrows indicate) with obscure
boundary in right temporal lobe. The adjecent gyrus was slightly swollen and sulus became shallow. Axial FLAIR (Panel la). Coronal
FLAIR (Panel 1b). Figure 2 Head MRI findings of Case 2 showed small flake high-intenisty signals (arrows indicate) with clear
boundary in right superior frontal gyrus. Axial FLAIR (Panel 2a). Coronal FLAIR (Panel 2b).
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Figure 3
irregular brain tissue, 4.50 ¢cm x 4.00 ¢cm x 1.50 ¢cm. 5 mm brain

Gross specimen of Case 1 displayed a piece of

slices were made in the vertical surface. Gray - white boundary
was multifocally blurred, gray matter turned white and migrated
into white matter. Figure 4 Gross specimen of Case 2 showed
a piece of irregular brain tissue with size of 3.50 ¢cm x 2.00 c¢m X
1.00 cm, which was tough with local gray matter thickening. The
gray - white boundary was multifocally blurred and gray matter
turned white.
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Figure 5 Optical microscopy findings HE staining Cortical thickness was not uniform. Gray matter migrated into white matter and
part of the gray-white boundary was blurred (Panel 5a). x4 Layer structure of cortical neurons was disorganized. Layer Il and IV
disappeared and there were giant neurological disorders in layer V (Panel 5b). x40 The dysmorphic neurons with bizarre shape were
seen with prominent nucleoli, clustering of a large number of basophilic granular Nissl bodies in cytoplasm (Panel 5¢). x 200
Homogeneous powder dyed giant cells (balloon cells) with huge nuclei and prominent nucleoli were seen and also some two
nuclei balloon cells (Panel 5d). x 200 The giant cells (balloon cells) diffusely distributed in subcortex and collagen fibers had
obvious proliferation (Panel Se). x 100 There were small flaky calcification distributed from subcortex to deep white matter (Panel

5f). x50
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Figure 6 Optical microscopy findings Immunohistochemical staining (SP) Neurons and big dysmorphic nuclei were strongly positive
for NeuN, but neurite were negative (Panel 6a). x 100 The dysmorphic neurons were positive for NF in cytoplasm (Panel 6b). x50
Most giant cells were positive for GFAP in cytoplasm (Panel 6¢). x 100 Giant cells were positive for Vim (Panel 6d). x 100 NeuN
positive area in nuclei was brain cortex (Panel 6e). x4 Dysmorphic nucleus neurons and cortex with giant cell hyperplasia had more
obvious collagen fiber hyperplasia than others and were diffusely positive for GFAP (Panel 6f). x4
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Figure 7 TSCI genetic test findings of Case 1 and her parents Case 1 had ¢.647_648del heterozygous mutations (arrow
indicates), which was nonsense mutation (Panel 7a). The patient’s father had ¢.647_648del heterozygous mutations (arrow

2 T BERRAE , B 10 2 AR AR A 2 SR ERRAE, N
12 B 2515 VR AL AE 5 285 1 00 S BERRAE , 5l 1 I
BERRAE A 1 IR ELRRAE , B 2 30 DA R B ARAE
BEIS I 5 A o B SRR AR AL ¢ 0 F B R BE
(=34 HER =5mm); WEBIMELFHER(=3 1)
FVE LT e 255 5 35 (BE) AR 4o (= 2 ) B fa
B REBE 5 22 Rk AL I PR R R 5 R B AN R OIR
JO 245 715 R T 5 PN RS RO T S A ) 5 S A R 45
AN B4 M A R Y A0 MR 5 o0 I A SO ULIE 5 il
T A LR e I A LR D (= 24y) o H:
Hh, AN i ok £ A LIRS s AR I A SF- T UL s e i
JG o Ath R AE R FF G B 12 10 25 05 IR B AR E 2 W7 bR
WE o URCELRRAE AL - BN AR R R R R 2
KRG (= 3 45) 5 TEEF e (= 2 4N 5 A0 o Ji
R MR BE 5 2 Kk VL Bl A B DR A AL 97 -

AL 2 51 £ LSk 3 MRT AL 3 B R Jey k4 2 £
R B2 SR A SRR e NUUE R iU

BT 5 ALAE 4, Ol R 25 R AV B Bk B A
K, R F i 38 Hh A A AR B A kL, AR DD BR %
T T 45 22 g i ORI, AR AR A U5 AT L ST b A
B K T 43 AN T I S5 45 1 T P Al BR R I
S, H TR R I 708 A0 R B 1 e i
ARG IRIRGER, B 18 Z it R EE AR
LB A8 AL R (LA 1 0 SRR ) LB 2 Sk 22 ik v
B J5 45 1 98 A8 A SRS A7, 2 OB 92 WA o 12 Wt
R BEALL I 25 Y M A ARRE o HE— 25 AT SR R, 1) 1
FEAE TSCT KN ¢.647_648del 224 587 , % 7 S 5L
A 2165 ZR TN 2 R I 4% 5 A8 5t 28 1 % 5 1
(p.Phe216Ter) , fiff AR 5% G BUARE AT 28 1E, Ry JC L5745
5 2 FE7E TSC2 FETH ¢.4672G > A 4 5878 (G b X 465
4672 5% A7 R H S W04 AR S5 o IR IEE NS ) | i 8 AE
A 1558 5 A FE R B A A R 8 S R i R (p.
Glul558Lys) , Wi X R, % B 5 AJE T 2 8L
JEUNUNG (2 i N 8 N S R Y g L



o E A 2 R 2 5 2018 4F- 6 J1 45 18 25 6 ] Chin J Contemp Neurol Neurosurg, June 2018, Vol. 18, No. 6 . 425 .

=R G C e G T B G C a5 C

B8 2 kHAETSC
T c.4672G > A 425 5748 (i Sk i 7w )

e

Figure 8 TSC2 genetic test findings of Case 2 and her parents Case 2 had ¢.4672G > A heterozygous mutations (arrow
indicates), which was missense mutation (Panel 8a). The patient’s mother had ¢.4672G > A heterozygous mutations (arrow

indicates, Panel 8b).
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GTP #4151 GTPase-activating protein( GAP)

5% [ Ak 2 A LR
Food and Drug Administration(FDA)

HAEMZHNEAR  vagus nerve stimulation( VNS)
il magnetoencephalogram( MEG)
R IBEHN A deep brain stimulation(DBS)
i 5 o 2 3R TR T

brain-derived neurotrophic factor(BDNF)
Ji 25 7 418 post-stroke aphasia( PSA)

BROVT 00 T2 7] 280 W T R A 5 7% T
uridine diphosphate glucuronosyl transferase(UGT)

M temporal lobe epilepsy(TLE)
TR g A

epilepsy and mental retardation limited to females(EFMR)

MR A 440 European Stroke Organization(ESO)

W5 Rk B WIE  malformation of cortical development(MCD)

HABB R stroke of other determined etiology(SOE)
RIS R S PLE prostate-specific antigen(PSA)
JEBIPERESE  lacunar infarct(LACI)
25 AR Z D 25-hydroxy vitamin D[ 25(0H)D]
A ENBEZE juvenile myoclonic epilepsy (JME)
M E ZE A trichostatin A(TSA)
A T YA AT e A K

generalized epilepsy with febrile seizure plus( GEFS+)
TP 5 - 2R A

generalized tonic-clonic seizure( GTCS)
B B AYERG P hypoxic-ischemic encephalopathy(HIE)
P B AR S M R 2 B E

febrile infection-related epilepsy syndrome(FIRES)
R P 5 A8 B Al 128

Human Gene Mutation Database( HGMD)
ZHKEERRTEE 1 tripeptidyl peptidase 1(TPP1)
M T /AHAN M neural stem/progenitor cells(NSPCs)

YINTE

WA E M neurofilament protein(NF)
M ICAZBUR  neuronal nuclei( NeuN)
P2 TR T3 4 I3 TR
neuronal ceroid lipofuscinoses(NCLs)
P2 TUFE RIS BRI neuron-specific enolase( NSE)
HEIIRE  ketogenic diet(KD)
A5 K& L visual-evoked potential(VEP)
A L video electroencephalogram( VEEG)

T R B AN B AR A0
subependymal giant cell astrocytoma(SEGA)

W4 systolic blood pressure(SBP)
#F9K % diastolic blood pressure( DBP)

NEE B IV WA 25 5 2 A
sleep apnea hypopnea syndrome(SAHS)

BE2EPL)E carbohydrate antigen(CA)
RESEEC body mass index(BMT)
[F] 7> it 242 homocysteine(Hey)
R fihE  synaptophysin(Syn)

WA MK E -2  microtubule-associated protein-2( MAP-2)
M/INRNA  microRNA(miRNA)

JCT A SR UHAE  aristaless-related homeobox( ARX)
RARI LK mitochondrial encephalomyopathy(ME)
Ji R I Ak 2R 1

adenosine monophosphate-activated protein kinase( AMPK)

/NS BK I 2E small artery occlusion(SAO)
/IMZRNA  small nuclear RNA(snRNA)
/NZ{7RNA  small nucleolar RNA(snoRNA)
L IEPEREZE  cardioembolism(CE)
151 WG Wi angiomyolipoma( AML)
PR 22 19 it H, 0 984

anodal transcranial direct current stimulation( A-tDCS)

SR A isocitrate dehydrogenase(IDH)



