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[Abstract] Objective To summarize the clinical features of tuberous sclerosis complex (TSC), the
distribution and description of 7SC gene, and to probe into the correlation of genotype with phenotype.
Methods According to the 1998 International Tuberous Sclerosis Complex Diagnostic Criteria, a total of
163 TSC patients with pathogenic mutation in T'SC gene (3 cases were detected in our hospital, and the
other 160 cases were collected from other institutions in China) were enrolled, and their gene detection
results and clinical data were analyzed. Results Among 163 cases, TSCI mutation (31 cases) accounted
for 19.02% [32.26% (10/31) in exon 15, 16.13% (5/31) in exon 21, 12.90% (4/31) in exon 18], and TSC2
mutation (132 cases) accounted for 80.98% [9.85% (13/132) in exon 37, 7.58% (10/132) in exon 40, 6.82%
(9/132) in exon 33]. The proportion of base replacement in TSCI was 41.94% (13/31), and 52.27% (69/
132) in TSC2. Male patients exhibited significantly more subependymal nodules or calcifications than the
female patients (x°=8.016, P=0.005). Sporadic patients exhibited significantly more cortical tubers than
familial patients (x°=6.273, P=0.012). Patients with TSC2 mutations had significantly higher frequencies
of hypomelanotic macules than patients with TSCI mutations (x*=6.756, P =0.009). Patients with missense
mutations were more likely to have facial angiofibromas compared with patients with other mutations (x’=
4.438, P=0.035). Conclusions Exon 15, 21 and 18 of 7SCI and exon 37, 40 and 33 of TSC2 accounted
for higher percentage of mutations. Correlating genotypes with phenotypes should facilitate the

individualized treatment and prognostic assessment of tuberous sclerosis complex.
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Table 1. Types of TSC gene mutations in 163 TSC patients [case (%)]
Genotype N Missense Deletion Nonsense Insertion Splicing Large gene deletion
TSC1 31 9 (29.03) 9(29.03) 4 (12.90) 4 (12.90) 3(9.68) 2 (6.45)
TSC2 132 42 (31.82) 29 (21.97) 27 (20.45) 17 (12.88) 12 (9.09) 5(3.79)
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Table 2. Clinical features of 163 TSC patients [case (%)]

Clinical characteristic N Positive

HM 122 96 (78.69)
FA 128 96 (75.00)
SEN 56 41 (73.21)
Seizure 137 99 (72.26)
Cortical tuber 58 33 (56.90)
Mental retardation 132 73 (55.30)
Shagreen patch 78 31(39.74)
FFP 44 11 (25.00)
Renal AML 89 22 (24.72)
Ungual fibroma 54 13 (24.07)
Gingival fibroma 41 9(21.95)
CRM 72 11 (15.28)
Renal cyst 89 8 ( 8.99)
SEGA 106 6 ( 5.66)
RH 48 2( 4.17)

HM, hypomelanotic macule, {8 % JI{ & 3 ; FA , facial angiofibroma,
TRIH0 1L 2F 469 ; SEN, subependymal nodule or calcification, % 4
JEER 45 5 885 A AL 5 FFP, fibrous forehead plaque, 71 fij £F 2k BiF ;
AML, angiomyolipoma, Il & Wl J& Wi % ; CRM, cardiac
rthabdomyoma,, /0> JIE 1 £ JJL % ; SEGA, subependymal giant cell
astrocytoma, FE BT B 40 85 P 40 M 5 RH, retinal
phakomata or hamartoma , # %) [ 45 4 76

JI % BAE | T 0 A £ 4R L
W RS (£2).

1 A TR 0 A8 5 I DR R AR 9 L A % 76 481 55
PEF 70 1) £ M FE P IR R AR AR AT L85 MR
AR 7 %, LR AL 13 %, ) 22 7
TGt E L (u=763.500,P=0.632); BHEEHEE
BT 250 58S b kE R A 0l 88.89% (24/27) L
T B E M S53.85%(14/26) , 2 A G % &
X (x*=8.016,P=0.005;%3).

2. FIEPE S BOR R B IR FRAE Y AL K
P E 42 0], PR 14 2 BUR R HE 81
fiiE e %, HMzR B AR E L (u=
249.000, P =0.017) o Z& MG Pk B 3 Kb Bz Jot 45 15 &
A 39.139%(9/23) , B & T BBl 73.33% (22/
30) M ERAARITEE L (x*=6273,P =
0.012;%4).

3.TSCI 5 TSC2 5 M 23 78 /8 3 I R R AE 19 e
BOTSCIREHNRAZBRE3LH ., R A7 4, TSC2
FER A /3 132 ) AR IS 8.50 &7, A [R) 2% 57 G
it F X (uw=296.500,P =0.593) . TSCI 3 [H %
A B8 R R Bk AR RN 56.52%(13/23) \TSC2

IR 25 B AL AL

I R A8 (8 #  83.84%(83/99) , 4 ] 22 53 HLF 4t
2 (X' =6.756,P=0.009; % 5) .
4.l SC AR B I At 24 TR 5% AR I DR R AE 1) BE 8K
A ST LA 51, FHAB SRR AR 112 441, 43
S R TG SCEAE (31 1)) Al A SR AR (21 ) il 2K 58 AR
(38 1) B 42 58 A% (15 f51] ) 0 35 R K R Be dik 2k (7 48]
1) o Horr 1 ik g 58 A8 S B i 2 R 6 2
FER , LA il 2k 28 A8 MR A S AR ¥y 5 R B 1 28 AF
TC AR 5| R i 2 1 A U L 5T 4 58 A R R I
KA Bt 2 51 e K R B ik R4 A sl dite O Ll S o8 AR
A5 1 A2 R s o K o AR 5 2 T o8
A HEAT R, LB A IR 28 AR e B g i AR D A
FE TR o AR 1 22 A 2 O TR 078 I I R 2 B 2 A7 A
255, G5 R WK B TR BB T B I A £ 4k K
AR N 87.18% (34/39) , Hifth 25 A %8 48 B F Ny
69.66% (62/89) , H Al 22 7 H A G it ¥ 3 X (x* =
4.438,P=0.035;%6).

15 it

G571 MRS AL RE & DL 2 A% B 2H 2L e A A 0
R 1 G 00 A P 35 A 1 S L SO ik TR R
1T 9 B Y @R TSCT FIE AL T 16 5 YL (K 11
TSC2. TSCI KR % 23 MM ¥, S & 1 H
Hamartin; TSC2 3% [ % 41 > Zm 5 40 2 5 F1 1A T 4
i gl AR 7, % i & A8 Tuberin.
Hamartin 1 Tuberin E A 5 JE 2 f M, = I8 Bl 7 4
TORAK L SRR 4 o L s ) e R R R
F1(mTOR) i ¥ 9 {5 5 5 5 7 . mTOR 76 40 f 4= K
G 5 vy P g R T A A . BEAh , Hamartin
Ml Tuberin KAEW PRI 5 ZMEARL S .25 —F
A1) 240 1 A= A T 2l R Y R AR (R 2 A R Y
VE R HIL AT A B B o 25715 M el A0 0 BB TSCT B
TSC2 F H % H: 28 748 | 52 Hamartin-Tuberin & & &
iae , AT mTOR 5 5 %6 538 i v 3 OG5 2
mEE".

AT 1 3 00 LA DUT AL : (1) 4%
Y05 ~7 % () A &R, R 2 m
PESR H-M 28 AR, R 1~2 2 C ) fF1ER T
WA o (4) 1 Je JIR 0 b 28 28 8 400 3 0 R 5 IR AE , 7 5
M2 R R EE B AR Z e o FLrp ) 2 4] 3 S Sl Bk il
PR B R AR, 5601 R TR S (O 12 A
RN GEAR G 2 ) 3 SRy Sk, HE D B B KR B A
F o (2)3 0K Pk Bz Bk E AR RIS, 41 1 R BN



. 326 - P E AT B 22 201545 4 55 155454 Chin J Contemp Neurol Neurosurg, April 2015, Vol. 15, No. 4
F3 B MET LGS R AR A I KRR AR 1 L Fad GO T B A 25 M AR AR I DR RR AR 1Y L A
[#1(%) ] [#1(%) ]
Table 3. Comparison of clinical features between male and Table 4. Comparison of clinical features between familiar
female TSC patients [case (%)] and sporadic TSC patients [case (%)]
Male Female Familial Sporadic
Ttem X value Pvalue  Item ¥ value P value
N Positive N Positive N Positive N Positive

HM 64 51(79.69) 56 43(76.79) 0.148 0.700 HM 36 29(80.56) 67 50(74.63) 0.461  0.497
FA 63 45(71.43) 61 48(78.69) 0.871 0.351 FA 40 32(80.00) 69 49(71.01) 1.071  0.301
SEN 27 24(88.89) 26 14(53.85) 8.016  0.005 SEN 23 16(69.57) 28 22(7857) 0.539  0.463
Seizure 66 49 (74.24) 67 46 (68.66)  0.508 0.476 Seizure 42 29 (69.05) 72 48(66.67) 0.069  0.793
Qortical tuber 28 15(53.57) 27 17(62.96) 0498  0.480 Cortical tuber 23 9(39.03) 30 22(7333) 6273 0.012
Mental retardation 65 36 (55.38) 64 36(56.25) 0.010  0.921 Mental retardation 42 20 (47.62) 70 36(51.43) 0.152  0.696
Shagreen patch 44 17(38.64) 32 13(40.63) 0.031  0.861 Shagreen patch 28 10(35.71) 47 20(42.55) 0342 0559
FFP 25 8(32.00) 19 3(3/19) 0.772  0.380 FFpP 10 2 (2/10) 34 9(26.47)  0.000  1.000
Renal AML 47 12(2553) 41 9(21.95) 0155  0.694 Renal AML 27 4(1481) 57 14(2456) 1.034  0.309
Ungual fibroma 29 6(20.69) 24 6(25.00) 0.139  0.709 Ungual fibroma 19 4 (4/19) 34 8(23.53) 0.000  1.000
Gingival fibroma 22 7(31.82) 19 2(2/19) 1.598 0.206 Gingival fibroma 9 3(3/9) 31 5(16.13)  0.439  0.508
CRM 39 7(17.95) 32 4(12.50) 0.091 0.763 CRM 17 2 (2/17) 52 8(15.38)  0.000  1.000
Renal cyst 47 4(851) 41 4(9.76) 0000  1.000 Renal cyst 27 1(370) 57 7(1228) 0727 0.394
SEGA 55 4(727) 48 2(417) 0062  0.803 SEGA 36 1(278) 66 S5(758) 0296 0.587
RH 28 1(357) 20 1(5000 —  1.000 RH 14 0(0/14) 34 2(58) — 1000

—, Fisher’s exact testo HM, hypomelanotic macule, {2 it 25 B ; FA,
facial angiofibroma., I & Ifil 4 £F 4 %8 ; SEN., subependymal nodule or
calcification, % 4 I T 25 15 5045 fL AL ; FFP, fibrous forehead plaque,
AT T 4E BE 5 AML, angiomyolipoma , Il 45 LG Wi & ; CRM, cardiac
rhabdomyoma, 0> IE £ 20 L % ; SEGA, subependymal giant cell
astrocytoma, % 55 & T E 41 Jitd Y 5 JE 240 i J8 ; RH, retinal phakomata
or hamartoma , 1 1% 15555 44 98

—, Fisher’s exact testo HM, hypomelanotic macule, {2 Jii 25 B ; FA,
facial angiofibroma., I & Ifil 4 £F 4 % ; SEN., subependymal nodule or
calcification, % 4 B T 25 15 8045 fL L s FFP, fibrous forehead plaque.
AT £T 4E B ; AML, angiomyolipoma, Ifil 4 LG i 98 5 CRM, cardiac
rhabdomyoma, 0> I % 2 WL ¥ ; SEGA, subependymal giant cell
astrocytoma, & 4 5 T 5 411 i 1 5 B 40 0% s RH, retinal phakomata
NE4AEFS 8 . The same as tables below

or hamartoma , 1 [%

2% U0 2 B AN T S0 AL A AT AR 0RE 9 2 AN 3 ) Sk 7
B RERE L (3) IR YT AN A, i) 1 R R 22 2 r
P 2 4R 4%, B E 152, 3 1 4R TCAhA& R AR B 2 ) 3
JiR FHFE L TR L P0G R A LR S e L AE £ BTG SR
LA E R R A VAERT R S B ATAE 2 s R
VB BT i, 3 6 A~ A Sk Te & AE . (4) 3L 58 748
RN, 618 TSC2 FE P 545 (¢.826-827del AT, p.
Met276Valfs*61) , cDNA 5 826 Fl 827 v il 3 i = (A
FIT), S HER 276 1% 15 1 1 40 B B 24 R A8 oy 4 1
GG TR, I H 2 JE TR Y 9 AE 5 337 A 4R A Bk
RGBSR s ) 2 0 3 Ry TSCT R 57
55754 B 5 H 4 i ) Hamartin DI RE .
AR SCEFE A 4 T 3% 163 ) 285 715 M B A0 SR
PR 58 A8 AV g, & B L 40 A1 R o 5 [ A7 Sk i S A
— Y, TSCI I RAR B AR 152118 54 R
TN Z W, TSC2 FE 58 48 W LSS 37.40.33 %5
M T F EIC U] R AR, 5 LOVD Bl
(http://chromium liacs.nl/lovd/index.php?select_dh=

TSClor_db=TSC2) I GL i+ 45 R AL . 45 47 1 A Ak AiE
NG R A B AL PR B L TSC R — HUR AR 3
i Ve S A 22 515 ™ I RAE R , B US BC AR B
J AR, 98 78 i DY XE DL A% TR ke 5 Bk Ah, TSCT AT TS C2
SR I L SR TR L A —E M REL R A
L, 1% B R AR AR H R LUHIUR P ) 2
W TSCHN 572 2 9 A Kk, vl LU B T7SC LI
TR RE LG

Hamartin 5 HAh & %08 2 JC W 8 [ JR 1, 32 22
i fig & 52 € Tuberin I B 1k A2 o Hamartin 22 07
T A B A BT I Polo AR B 1 VS M S R
AR5 4 R R G Bt o A, Hamartin 5 ERM
F e LSl & 1 455 E A (ABP) AHEAE T, 945 %
HWMIE W . 5 Hamartin /8 &, Tuberin T H A
GTP I PR 17 5 Ho At GTP g 1% 14 25 1 5 AT B 2 119 [
TR X /N G 2 F Rheb S H T i 108 i 25 1119 35 A
20 G A R E R TSC2 R AL Y
SN TR TSCT R 2 B AL J AE B0 M 58 72 i A 4
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Table 5. Comparison of clinical features between TSC

patients with TSC/ mutation and 7SC2 mutation [case (%)]

R LA G H A 2 R 58 AR 45 PR A A0 I AR IR R
11 l:liiﬁcHﬁJ(% ]
Table 6. Comparison of clinical features between TSC

patients with missense and other mutations [case (%)]

TSCI TSC2 7 Missense Other mutations
frem N Positive N Positive e, Fe frem N Positive N Positive i
HM 23 13(56.52) 99 83(83.84) 6.756  0.009 HM 41 35(85.37) 81 61(75.31) 1.642  0.200
FA 22 14(63.64) 106 82(77.36) 1.830  0.176 FA 39 34(87.18) 89  62(69.66) 4.438  0.035
SEN 11 8 (8/11) 45 33(73.33)  0.000  1.000 SEN 20 13(65.00) 36 28(77.78)  1.070  0.301
Seizure 23 15(65.22) 114 84(73.68) 0.685  0.408 Seizure 45 34(75.56) 92 65(70.65) 0.362  0.547
Cortical tuber 11 3 (3/11) 47 30(63.83) 3.481  0.062 Cortical tuber 20 8 (40.00) 38 25(65.79) 3.554  0.059
Mental retardation 23 10 (43.48) 109 63(57.80) 1.576  0.209 Mental retardation 40 22 (55.00) 92 51(55.43) 0.002  0.963
Shagreen patch 16 7(7/16) 62 24(38.71) 0.135  0.713 Shagreen patch 20 11(55.00) 58 20(34.48) 2.614  0.106
FFP 11 2(2111) 33 9(27.27) 0.040  0.841 FFP 12 2(2112) 32 9(28.13) 0.153  0.696
Renal AML 15 3 (3/15) 64 9(14.06) 0.031  0.859 Renal AML 26 5(19.23) 63 17(26.98) 0.595  0.441
Ungual fibroma 8 1(1/ 8) 46 12(26.09) 0.146  0.703 Ungual fibroma 14 3 (3/14) 40 10(25.00)  0.000  1.000
Gingival fibroma 8 1(1/°8) 34 8(23.53) 0.042  0.837 Gingival fibroma 13 3(3/13) 28 6(21.43) 0.000  1.000
CRM 13 0(0/13) 59 11(18.64) 1.602  0.206 CRM 23 5(21.74) 49 6(12.24) 0480  0.488
Renal cyst 15 1 (1/15) 74 7(9.46) 0.000  1.000 Renal cyst 26 2( 7.69) 63  6(9.52) 0.000 1.000
SEGA 19 1 (1/19) 87 5( 575 0.000  1.000 SEGA 31 1(3.23) 75 5(6.67) 0.055 0.814
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Figure 1  Optical microscopy findings.
intercelluar collagen deposition could be found.
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Fibrous (fibroblastic) meningioma with intersecting fascicles of spindle cells and variable
HE staining
Fibrous (fibroblastic) meningioma cells had elongate nuclei, but retained the features of meningothelial cells.

Figure 2 Optical microscopy findings.
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