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Abstract

Objective: To investigate the dielectric properties of human glioma cell line HS683 at different con-
centrations in the terahertz band (110~1000 GHz), analyze the effects of cell concentration on the
real part of permittivity (¢) and loss factor (£"), and verify the application value of permittivity in
the pathological grading identification of glioma using clinical paraffin-embedded samples, so as to
provide basic bioelectromagnetic data and clinical technical support for the diagnosis, grading and
treatment of glioma. Methods The dielectric constants of HS683 cell suspensions at four concentra-
tions (1.62 x 106, 3.25 x 106, 6.5 x 106 and 1.3 x 107 cells/mL) were measured and calculated using
a vector network analyzer. Pearson correlation analysis was performed to evaluate the correlation
between cell concentration and dielectric parameters. For clinical verification, five pathologically
confirmed human glioma paraffin-embedded samples were collected, and their real part of permit-
tivity was detected in the optimal frequency band to analyze the differences in dielectric parameters
between high-grade and low-grade glioma samples. Results: The dielectric parameters of HS683 cells
at all concentrations decreased with increasing frequency, showing typical dispersion characteris-
tics. The middle-high frequency band (501~700 GHz) was the optimal range for cell concentration
detection, in which the correlation between cell concentration and the real part of permittivity was
the strongest. The detection results of clinical paraffin samples showed that there were significant
statistical differences in the real part of permittivity between high-grade and low-grade glioma par-
affin sections, and the real part of permittivity could effectively distinguish high-grade from low-
grade glioma. Conclusion: The terahertz dielectric properties of HS683 cells exhibit obvious con-
centration dependence and frequency dependence. The real part of permittivity can be used as a
potential characteristic parameter for the pathological grading identification of glioma. Terahertz
dielectric property detection technology has important biophysical basic value and clinical transla-
tion potential in the accurate diagnosis, pathological grading and clinical treatment of glioma.
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RIS S HS TR B A R &R
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Figure 1. Real part of permittivity (¢') versus frequency of HS683 cell suspensions at dif-
ferent concentrations
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BN A LR E ], 1.3 %107 cells/mL =ik FELH &3 s 1) ¢85 mi: 110 GHz B ¢4 6.400 +
0.005, 1000 GHz i &2/ 3.578 +0.003; 5 IJE Rt B2 1.62 x 106 cells/mL IR B 40 % A6 i (1) &3
AK: 110 GHz B ¢4 6.044 £0.004, 1000 GHz i ¢4y 3.166 +0.002, HAMZAK AP VA 45 T AR HF 2% 9% 5 20
JiL I BRAE 23F (A 7K 2T B ) A VR F B BEALE . BEAE AR T, ARV T IR AL A R BR B 3% A8
b, WA BT E[12].
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Figure 2. Imaginary part of permittivity (¢") versus frequency of HS683 cell suspensions
at different concentrations

& 2. REIREE HS683 MBERINN B & HUEER(e")-$hi%

3.2. HS683 AR E S5/ e S My X 14

3.2.1. £MFEFBEEXMS

H1 Pearson AHC/r 45 AT DUE B (3% 1), HS683 4HHik E7E 110~1000 GHz 442 i [l P 5/ s
HSH (AR MR IEA S ME(r = 0.9739, P = 0.0261), X UiH o' BEANMLIR B T+ w8 ks M4k & 5 A
HHUE I (") 2 IEMI S5 (r = 0.7759, P = 0.2241), HAHKMELES 5 .
Table 1. Pearson correlation analysis results between HS683 cell concentration and dielectric parameters in the full frequency

range (110~1000 GHz)
1. £IMERIEE(110~1000 GHz) HS683 ZRARK E S5/ B S #AY Pearson FHX S HrsE R

THSH FHICRHL(r) PE VEPR L -9
S EHHSEER () 0.9739 0.0261 SRAF DG J&(P < 0.05)
I HUH R A (e7) 0.7759 0.2241 HHAERH K 7 (P > 0.05)
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Table 2. Pearson correlation analysis results between HS683 cell concentration and real part of permittivity (¢') at different
frequency intervals

5= 2. NESRZEEXIE] HS683 FAREIRE 5t B B E SR (") AY Pearson X LA R

i X (8] PWARJEHE(GHz) PRI MHRRErHEE R PE 23 A (%)
AL 110~300 0.9743 0.0382 0.0257 82.7

IS, 301~500 0.9681 0.0181 0.0319 82.5

AL 501~700 0.9755 0.0171 0.0245 84.5
e 701~1000 0.9071 0.0283 0.0929 6

= 3B (501~700 GHz) {134 r {24 0.9755, £ DU ANIEL A B i 1T HLAH OG 2R Bbrifk 224 0.0171,
AR S LI e, X R ZAB IR o M B R FR e MR T AL (110~300
GHz) 5 Al B (301~500 GHz) )T r {50 5114 0.9743. 0.9681, WK T @i, (HAE & kot
BE7KF, HLPARECT- 18 P 5 19<0.05 (43 )4 0.0257.0.0319), & # 4K s LL i 2485 82% (82.7%.82.5%),
FHITE 110~700 GHz Ju I P, WKIES & FIRBAB A RIS B34 M. (22 S4B (701~1000 GHz) 1I°F3)
fH A% 0.9071, “F#5 P {H>4 0.0929 (>0.05), & EMH S LLHIA 6.0%, FIZMEB LSt = Lo
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DAAE Dy 4 A 52 A FEAS I PR A SO R Y B, e o ep s B B (501~700 GHz) PR it i () 2 1k SR TR« e
(1 &8 SR M e v ) S S AR i LB, mT DU AR BE 5 e/ hE DR 20 A PR s AL A W AT 26 X 1]

1.02

0.98

0.96

£
& 0.94
K
z
% o092 3
% 0‘90711\
0.90
0.88
—— {IRJfER (110-300 GHz)
0.86 = = PESREL (301-500 GHz)
FESRERL (501-700 GHz)
- e e BB (701-1000 GHz)
0.84 T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000

M (GHz)

Figure 3. Correlation curves between cell concentration and ¢’ at different frequency intervals
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3.3. FRKREHENBESHAGITELE

3.3.1. MrEEEHECEB(e)AVLAB ELE

BN Z s REIR(EE 3), NFEKREZLLNE HS683 Ji B & fF /55 % 27 (F = 12.86, P =
0.0003):

R E A SRR AR 1.3 x 107 cells/mL 415 1.62 x 106 cells/mL #1) &' #4{E % 7 5% K (0.400 +
0.025), —HZEREHGIT¥E (P <0.001);

A X [A] 22 5. FEH BB (501~700 GHz), AN[RIHR B 2H A] &' M 22 57t d v . 3 (F = 15.32, P < 0.0001),
T 7E =B (701~1000 GHz) 2 = A /IM(F = 9.76, P = 0.0012).

Table 3. Intergroup comparison results of the real part of permittivity (&) in HS683 cell suspensions at different concentrations
(full frequency range)

2 3. FEIRELE HS683 (RS R/ B E SR (<) MA B L RGE R (L SARTEEH)
NEEHCCEME £+ 5 13x 1074 565x 10841k 5 3.25 x 108 A Lh

ZH 3 (cells/mL)

SD (P 18) (P 18) (P 18)
1.3 x 107 4.401 +0.613 - - -
6.5 x 108 4.252 +0.541 0.0082
3.25 x 106 4.114 + 0.600 0.0045 0.0097
1.62 x 10° 4.002 +0.600 <0.0001 0.0032 0.0386

3.3.2. MrEERUEER(")RYAEBE LS
ANTRI AR B 2EL 1) e (1) 22 S A G BE/IN(F = 3.24, P = 0.0458): X 1.3 x 107 cells/mL 45 1.62 x 10° cells/mL
Y "2 5 BA Gt £ 5 3(0.036 £ 0.012, P < 0.05), HAMARSRAK LA 1A 22 7 4 Gt it 22 5 (P > 0.05).

3.4. BRREBAMSEFEAM B EENER
3.4.1. FRLAMEART B ERERR A MAFAE

RN 5 = 9 4LAE 501~700 GHz SRER 19/t HL A e AR 3 A A 3 B R 22 5 (32 4), U A3 E
(2.4570) J H v %51(2.4578) A TR LR A 4H (#5111 2.2845, Wiy £ 2.2764), H. 2 i 4 FIHUAVE [l (2.2977~2.6417)
B, XA B e GO0 IR S5 R A PR ) e A B K

Table 4. Descriptive statistical results of permittivity &’ for the two groups of samples

T4 RAHANEBEY SHBEMRITER

ZH 5] FEARSL WE + bz A 2 HY B S
R A 2 2.2845 +0.0625 2.2764 2.1405~2.4736
IS SHIEE 3 2.4570 + 0.0628 2.4578 2.2977~2.6417

3.4.2. MAMENBEEREMHTHEESHBES

£ 501~700 GHz WA S pivh, Mgl N i a4 m RGN A, H# 2 ZiaHf
SE(E 4), WGk E: PR ZEERIIIME AN 0.1725, ArdEZA 0.0213, I SARRAKHMER S0, #oT
TEAZATBCREARNE N 73 G X TR

IEEMAR IS RN RPN AR A IEAS 4 A (Shapiro-Wilk 4iit & =0.932, P =0.0659 >0.05),
WA HAFF A IEA 5047 (Shapiro-Wilk 4iit& =0.815, P =0.0116 < 0.05), #%H Mann-Whitney U #:4 .
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Figure 4. Comparison of permittivity ¢’ between the two groups of samples
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AT TR IN HS683 At i E I i A HL 5 B0 () HL A 0 35 BV BE AR, I L AE v i A B (501~700
GHz)MH S e it B B BEIRI R, I PR A S A TR A P 60 11 45 R I A 2 s 2003 2 I 90 P ) LS S 30 ¥
i ARG, PRUAHIT 78R FH B 0 980 s L MR AR bR AL K AR B8, HZRN B K 545 G /K B8R
R, AR EKER A AR R RN, A 2 R o s H R S I S50 5 B RHE 5
R ZRBRAE FER SR H—, S0PV \V 9O E g iR, b, J0HuiE B
N, ANARE RGN, BRI T AN ERE AR . MO R R S AR R A o T I SRR S A A
FE, MG AN Wtk PR BEBEEMR3]; =, g iR A7 /6 B 5 (0 40 B 4 3
JRERFEAE, MRROASE PR . FERGRNE . FEEASWMERD TREE. SSEHA G LSRR R A
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0 500 2 96 24 L P A0 PR RS 5 40 5 e o A E R S M R, TR IR AN AR L IR B RIS = 3 5K
G I IR A7 22 5 [15] [16], A MRS 20 i A Hmin B (A% o 54, CARRAE 240E 2 B B4R TH AN 40 i 11
AR AR RE ST, ST RO L GUREAA R A L N o DRSO AT 78R, 7 0 ) R R A A B s A e
EROE, RANME T R AN AR A S AN R A R 2 R 2 R L RIE R A R, XA
FL o B SR R R SRR 7 E o R VB (AR E S5, BE S I IR 2L 2 S A B AE . R U B1 5 H Hils
PREEEE X

1) BT HATIEARE F K MRIL CT S ik 25 TN E 25, 40, 2 TAFRIADE R
BRI R A 2 AT S S B AN 7S, T B M B 40 M K P s BRI [17], TS B 40 2 S
WA T AR A AL WL, Nl RE G e — e B8] AW AR, KMk A v & &
SRR R TR AN R FE 1 S B b, IR ELRE A RRIX oy v AR B TR, o IRE 1 s A R 75 W 4
PAL T — R ARTF B, AT SRAME G T VA AN 2 o

2) BTSRRI T AR AR AR B 16 2 7 B PR FE U153k i 98 4 £ f [ B R AT 8 A4 1E 5 i 4. 24,
TORFRZEH AR BB TCH . BRI T A a5, ST A B AR Ak b, R G S 00 2 A 2E R0 A FL
K, AT EEH X 4 iR X R e SR R A ) 5 T X SR (IR B R A ), AT 5 B Rt I A R 5 B oRe
G, REmFARVIERE[19].

3) VST RV FERR BB RO 20]. AL 21 i R e, R 4 I S B A T AR AL (BT A
ST AR BE FRAR, IR TT TO RO IR BE T i), DRI T DA s S 00 B R 2 O A Yk [22] BT A A AR 5 8 400 e )
IR (), PAEEIHEATROR, KRG TR, R A BRI BRI AR .

4.2. MRBRESAKRE

AHIFATIAAAE LA T Ry B A%«
1) PEARERL A — . AT HS683 — it i o JRg 40 M ke, AR I J FUAR SIS 28 199 fie o 98 4 Jfa (U7
U251, LN229) & &AM BRI AN HEE ), Joik i s BAS [R) 2 28 i g i /i B AR v 22

EL
713

2) PEAREIE/N: DA (19 5 BIREAE ASREHRERR A A 22 T 25 B30, 0 BLAS BEEAT W44 BT (01 WHO
P 10 IR IV 25, Haiah7e 10~15 B[RS RUREA, PR FE AR IR 5~8 #i, JIFELER
A A

3) R Z PRI FH 3 5CI0AIE : B T T A R AT I, 75 3 — 25 FF R AR vk VR U PR i & 7,
BAEZEARTE ARSI AR R AT 1.

EESE EIRRIPR A, AR SRBIEFE AT LA 5 7] 8 I«

1) P RFEARTEE: W RA RSB FUR AN A e, 456 0 TREEFRE(IDH 28748, 1p/19q
K MGMT a7 34k, TERT 3T RA), B 5 A0 A AR 25 A FE A 0 25080

2) AR EE : DU T 0G4 2350 30 S0, T 50 53 20 A D R 58 0o 5 o 9 4 P A FiL e A ) B2
P v AR ZE A I PR3 P 1 5

3) JFRRAEMRSENG: TR S A Y (an R SRAS DRI ALY, HEAT AR 25 7R AR S 56, B0F A
ZEFARAETEAR P AT R 5

4) TFRAGM . BT BT 70 2 (U BL (501~700 GHz), TRk /N 845 2010 Kk 24 Fe
MV, A PR B FH B R AR S

5) 4t N TR BESVETZ0 e A 28 YV RRAE . S0 B — BB o (E MR R BR . M EL & Kifas &
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