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ABSTRACT

Induction of apoptosis by berberine in KB human oral

cancer cells

Jin—Ju Park
Advisor : Prof. Su-Gwan Kim, DDS, Ph.D.
Department of Dental Biology

Graduates School of Chosun University

Costidis Rhizoma has been used as a seasoning vegetable for a long
time. It is also a kind of natural phenol licorice compounds with multiple
bio-activity including anti-inflammation, anti—microbial, anti—-fungal, and
anti-cancer. The anti—cancer effect of berberine, primary biologically active
substance of Costidis Rhizoma, on KB human oral cancer cells was
investigated in this study.

Berberine inhibits the wviability of KB oral cancer cell, but it has no
effect on the primary normal human oral Xkeratinocyte. Berberine
administered to KB oral cancer cells for 24 hours showed the chromatin
condensation, the genomic fragmentation on agarose gel electrophoresis.
To analyse this process 4’,6-Diamidino-2 - Phenylindole(DAPI) staining
and DNA fragmentation assay were used. In addition, berberine induces
the death of gradually increased the apoptotic cell. For this
Fluorescence—Activated cell Sorting(FACS) analysis was used. These
experiment resultant analysis data clearly suggest that Berberine induce
apoptosis in KB oral cancer cell as an extrinsic apoptotic signaling
pathway, which includes caspase dependent FasL/Fas-singaling-mediated
death receptor pathway.

These results suggest that Berberine induce the suppression of cell
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growth and apoptosis in KB human oral cancer cells. Therefore, it may

have potential properties for the discovery of an anti—cancer drug.
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Fig. 1. The morphology of Costidis Rhizoma (A), dried roots of C.
Rhizoma (B), and the chemical structure of berberine purified from C.

Rhizoma (C).



2 Ay A3 7 KB A XEZ+= American Tissue Culture Collection
(ATCC, Manassas, VA, UAS)®} Human Normal Oral Keratinocyte
(HNOK)+= Science Cell Research Laboratories(ATCC, Manassas, VA,
USA)ZFH 9dsto] AREsFAT

Berberine2 Sigma*HSigma Co., St. Louis, MO, USA)Z 5 T Y&te] A}
&3kt

2. A1 v

T7eF KB Al¥:+= 10% FBS(Gibco, Grand Island, NY, USA), 100U/mL
penicillin, 100ug/mL streptomycin(Gibco BRL, Grand Island, NY, USA)&
A718 MEM(Gibco, Grand Island, NY, USA)S AF&3stgtt. HNOK:=
Dulbecco’s Modified Eagle’s medium(DMEM, Gibco, Grand Island, NY,
USA)S Ab&ate] m sttt

3. MTT assay

Berberineol| 2|3t AIXxAA A g 35 #ZEe7] Yste] MTT assay S Al
gatArt. 37Ce] Adu A st A widd S KB AlZ£9 HNOKE 4
stel 96 Wellfplate°ﬂ 7t7t HEeka, Ix10°cells/welle] s == ] Fallon,
HE 24X7F & thdst berberine®] % (0, 0.01, 0.1 ¥ 1.0ug/mL)E 37T,
5% CO2,7F A5+ &2 &<57](Forma, USA)olA 20A13F &<t WES-AIA
t}. o] % berberine Fxol W& AEZAY A 235 EAsA)

AEEA B4 7 KB AlEZ<9 HNOKel MTT Solution(Sigma Co.,
St. Louis, MO, USA)E 20ulL® 27tz H7tste] 37CelA 413 Ak 5,



MTT7} £ wigAS 75 A AL AE£E 200l Dimethyl Sulfoxide
(DMSO, Sigma Co., St. Louis, MO, USA)| £3]3sle], ELISA microplate

reader(Bio-Tek Instruments Inc., Wilnooski, VT)Z 4“1“5}01 THEE

570nmel A Z7gske] Aldstelen, Sy U 2S5 33 whEsto] #=3
sttt

4. Morphological alteration

1) DNA fragmentation assay

DNA 24 #4848 zAet7] 98 2x10°9] 779 KB AlE 2 culture dish
of ®jF ATt 7 KB A% 0, 0.01, 0.1 % 1.0ug/mLe| berberines
247 Ay 1 v Lysis  buffer(100mM  NaCl, 10mM
Endoscope-Assisted Transoral Approach(EATA), 300mM Tris - HC],
200mM sucrose, 0.5% SDS, 0.5mg/mL proteinase K, pH 7.5) 500ulLel] &€&
il 3027 iceol A wHS-&FSiT). Ol—?—, RNase A 0.5mg/pL¢} Proteinase K
= Z+ZF 05, 0.2mg/ul ¥l whe
isoamyl-alcohol& #7Fato] < U‘%El% %‘8}04 *%%‘%
93 %o 7 {so-propanolS ¥l -70C 9l /\1 24X 7F E<t incubating 3
o 2 5 4TolA 1587 vkg-A gate] FFAs A7 st
1L pellet?t ¥ == air-dryE 3tal, TE buffer 30uL(1IM Tris[pH 8.0] 10mM,
05M EDTA(Sigma Co., St. Louis, MO, USA, [pH &0]) 1mM, ddH.O
100mL)E Y9 genomic DNAE +Z3tdth. #El3k genomic DNA+
260nm<e] 3ol A DNAE Z743lal, Nanodrop= ©]-83te] 5pg, 10uge =
A 5 260nm ¥HE ] Nanodrope ©]-&3te] AEstdtt. 1§, agarose
powder(Sigma Co., St. Louis, MO, USA)E ©]&3}9] ethidium bromide”}
E3E 1.2% agarose gelS A ZEo] S0voltagedl Al 241 7F HoF A 7] %38}
o] UV transilluminator(Spectronics Corporation Westbury, NY, USA) 3}l
A genomic DNA E2S& #Z3it)
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2) Hematoxylin-Eosin stain (H&E staining)
Berberineol] &t 79 KB AM2ze] FJej4 ®Hs 2 apoptotic bodye] o



4 BAE7) 98te] H&E stainingg 338ttt 1x10°cells/mLe] F+7-<F
KB A3XE Chamber slide(Thermo Scientific Inc., NY, USA, 154534)°) O,
0.01, 0.1 2 1.0pg/mL &%X°] berberines A& 3+ ¥ 49% paraformaldehyde
fHoz Mx aAH(Cell fixation)= Tttt AL 1A F HdF= 2-3
3 nAE AEXFHAS AZFH A7 F Mayer's Hematoxylin Solution(Sigma
Co., St. Louis, MO, USA)ol|l 5&%F A5t nA4E Axe & AMAzl
5 s2+ 22 % 9¢d Hematoxyling A AsHtE AFHE  SlideZ
Aqueous’s Eosin Y solution(Sigma Co., St. Louis, MO, USA)d| 1&7F w2
Az 52 = 3-48%F AlFHste] 3 w3-E Eosing AlAstR o,
Xyleneol] A 3&to] &4A171 3 mounting solutiong * &3+ & cover glass
2 B3l th o] % Inverted fluoroscopic microscope(Eclipse TE200; Nikon

Instruments, Melville, NY, USA)-& ©]-&3Fo] 100X #j&ol A #2s}9d ).

3) DAPI staining

DNA¢] 33} chromating 94 38le] morphologyE &H¢lat AL A E o
29 permeabilityE light intensityE 7]|Fo2 H|Ws7] $3te] DAPI
stainingS Al &89 th. Apoptosis”7t ¥y cell nucleus®] morphology 2}
permeability 7} ¥ 3}&=d] DAPI staining2 %3] ©]2d W35S n|nsto
24 normal cell¥} apoptotic cellS T-E31d 4 AUA €}

DAPI staining kit(based on Cell Apoptosis DAPI Detection Kit from®
GenScript Corporation)& A}-&38F=dl, DNAd W So]x o & WkS-3l= 3
o A A oFS DAPI(Sigma Co., St. Louis, MO, USA, D-8417)& A}-83}th.

DAPI®] SGAAS FAAF]7] ¢38] Triton X-100(Sigma Co., St. Louis,
MO, USA)S AF&3ith Working solution 0.1, 1.0, 15 2 2.0%<] Triton
X-10049 ImLel DAPI stock solution 1nLE& &g sle] Al-§3}9ar, DAPI
AN s RS AA HAsA

g3 Aol i= berberine 1lug/mLS 247 7F F<F A2 d 7kt KB A E9
A8 o1 4% paraformaldehydeol| Al 30%-3F 3243 5 70% ethanolol &
7 4TAA Bystdn. nAT F Edtol= Fdholxo] ¥, DAPI
working solutions 20uLE "ol &efo]lE=detlol Foldle o] A
X ZAE5S AAsL vA] 20uLe] DAPI working solutiong % 7}sbe] z+



2L t}& humidity chamberol]l A SAEl 2 557F w3 A A}
5. Caspase activation assay

T2 KB Alzdd AEAE FEe] E2AFA871d8 rEstr] $18 Wl
At A AEANE AR shgelA s dde] dFAd 9F8E s
caspase-32] LAAHEE &2l 39t} Berberine(0, 0.1, ¥ 1.0ng/mL)2 244
b o At MERNFA G )Ed hiPhiLuX*GlGz(OncoImmunin,
Inc. Gaithersburg, MD, USA)& 3 AIZF &<¢F vh3- Al A gd AlxE 3
3] PBS(Gibco, Grand Island, NY, USA)=Z A& Alzl % filter paperel <2
2 MountingAl 1 ¥, UV Z¥ (534 365nm)stell A Inverted fluorosocopic
microscope(Eclipse TE200; Nikon Instruments, Melville, NY, USA)S o]-&
skt
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6. Flow cytometric analysis

FITC¢ & ZA%% annexin V(©]&} annexin V-FITC, Cat. No. 556420),
Propidium Iodide(50pg/mL in PBS, pH 7.4, Cat. No. 556463)3} 10X binding
buffer(Cat. No. 556454)5 S PharmingenAt 258 FYstF o 27 ALg
A7AAL 4Tl BHskith. Berbering 1.0ug/mle] %% A KB AEE
3 5ete] MEZFE 2RSS 7 KB AEE 2 PBS(Gibeco, Grand Island,
NY, USA)&Z 23] A &3 & 1X106cells/mL94 FE=% 1X binding bufferel] A
Be AAtt o] AE BiHoziE 100uL(1x10°HE)E Al Ao Lol

Ald #ol 5ule annexin V-FITCE 7}38t1 AEES 2 & & 168 5
oF Ao w3 gt thgo 1mLe 1X bingding buffer® 3+ ¥ A s}
At AR RS wEa Zzte] AlE FHAE 100uLe 1X binding bufferE
WA 7hgE v ololA 10uLe] PI A €45 7He $ 8lS Adetal A2

[¢]

o 4 153 T wigEATh wigES FES Fol= 400ule] 1X binding
bufferE 2z} tubed] 7}&te] 3 AlZF Wl flow cytometry® #4183t

BN

Flow cytometrye] AAS 3k oix xEe FHE 984 100
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A NEES Ao 488nme] ol A7t

cytometer(Becton Dickinson, Mountain View, CA)E ©o]&31, Flow

3% FACScan flow

cytometere] X% Cell Quest program(Becton Dickinson)< A}-&3}o]
Ix10'70¢] AZ2FE ARES A58A03, T8 ALES FL3AS FL3WS]
L9 ¥ = (Histogram) ol A Al 9l stivh. fojxl BE A3E2 WinList 4.0
I} Modifit LT 3.0 software program(Verity Software House, Topsharm,
ME)o = FA35tqth 2E A3de 33 vk AA s

7. Western blot analysis

Berberined] &3 A2 A7 HS &213H7] 98] western blotS A 3
stk 5X10° 779 KB Al2Z Culture dishel "% ¥ berberine< 0, 0.1,
2 10pg/mL s=2 Aglste] 2443 wWhg F DPBS®E 23] Alsto] Alx
£ 3. 283l RIPA buffers o] &3to] &

A AZE M, A4t pelletd s ool A

Assay Kit(Thermo scientific Inc., NY, USA)S o] &3lo] 1A%k
incubatorel Al WFS-A] AT o]F  ELISA  microplate reader(Bio—Tek
Instruments Inc., Wilnooski, VT)E A}-&3t] 562nme] F3=9 @& 7%
235to] BSA standard curves 2 § olo] wt AlRo @ AFER Akt
Att. Western-blottingS 93] 40ug @ 2S 129% SDS-PAGE  gelol
Power PAC 300(BIO-RAD)S Ab&3}o] 120voltageoll A 2A17F &<t 719 %
AZ1 % methanolel 1023t @ A 2l¥ PVDF membrane(Millipore, Bedford,
MA) ¥ transfer buffer(2omM Tris, 192mM Glycine, 10% Methanol)& A}
43}o] protein transferS 433t th Protein transfer’} ¢5%¥ PVDF
membrane2 H] Eo]& &A o AsS AA|A7]7] 95t blocking solutionell
2ATE EFRF Aol A wEE SRtk ol % Zb7be] 12k & Al® house keeping
gene?l GAPDH, anti-cleaved caspase-3, anti-Cleaved caspase-8,

anti-cleaved capsase-9, PARP, Anti-TRAIL, Anti-Bcel-2, Anti-Bax,
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Anti-BAD antibody(Cell Signaling Technology, Beverly, MA)E Blocking
solution®] 1:1,000 H] &2 3]A s & 4T Z73lo] 2447F F<F wkS &)
o]& TBS-TZE o]&3le] 158 7HZFez2 33 AF3AY. o]F Blocking
solution®] 1:2,000 W& = 3]s 2% 3¥A Horseradish Peroxidase -
conjugated(HRP-conjugated) anti-rabbit %+ HRP-conjugated anti-mouse
antibody(Amersham Biociences, UK)E& 1A]7F &9t Ao Hkg- Al7l &,
TBS-TE o]&3to] 168 Aoz 33 AZeAt. ECL Kit(Amersham
Life Sciences, Arling Heights, IL, USA)S ©o]&3}e] WAlS fFEA7 &
X-ray film(Amersham Hyperfilm™ECL, GE Healthcare Limited, UK)dl 7

Falol wud wEFS B

8. Statistics

A71e] APEL 38 W oldon Adsdon, AAANE g £®
FRAR Atete] ZAsgon, dxE e £o4& One way analysis

of varienced(ANOVA)Z AA 3 T Newman-Kleult test2 7 AsIATE =2
A&7 = SPSS, PC WINDOWS(Version 10.0, Samsung, The repulic of
Korea, Seoul)= °]-&ste] AAAAE 4 Atk p € 0.05 o]kl 4
ol AFAART TAACE FoF Aow HAsAT

o
o

e
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1. MTT assaye°l €3t Berberineo] T7+¢ KB Al ¥
g HAE G

PN

<

Berberineoll 23t AEZ S AATES Lolr 7] 9t 7749 KB Al
o} HNOKe®l| =2 24717 &<t A3 & MTT assays -3t}
Berberine 0, 0.01, 0.1 % 1.0pg/mLe] FE=2 2447+ &<t 739 KB Al
X9} HNOKe| AHglg & MTT assayS 333t} Fig. 29 A¥E HH,
HNOK©9| M+ berberine2 A 3q<S W], T & TR AX =4 ax=
e A %S & 7 AATE Hg 79 KB Ao A= berberines
WS v 0.0lpg/mLe] berberineS =& 3k A
°m 01 % 10ug/mLe] FEES A Axe

o 1>
(]

2y 7y 33%, 50%<] AXE JA TS FATd F AT o] AF= FAY KB
M E7F berberine®] F& oJEHOE MEAY A TS HAFS AT
F Adtk E3], berberine©] 1.0ug/mLY %Y uf, thxato] H|ste] Y&

MESFE0o] 50%° 7t ddadE 2.
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A. Primay normal human oral keratinocyte B. KB oral cancer cells

P <005
14 12 ‘
100

12 1
g1 ) 073
£ G 08 0,67
308 é
2 06 050
306 5
3 T 04
$ 04 S

02 02

0 0
Control 001ug/mb  0lug/mb 10 ug/mL Control 0.01ug/mL  Olug/mL  10ug/mL
Berberine Berberine

Fig. 2. Berberine induced the cell cytotoxicity on KB oral cancer
cell specific as a dose dependent manner. Cells were stimulated with
berberine at different concentrations for 24hrs and % viable cells were

calculated using MTT assay.
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2. Berberine®] 913 ++7-¢t KB A X DNA ¥ 43}

Berberineol] &gt 7 KB AME9] 29 A 7L apoptosisel] 24 e}

= AdE gt S8 AlEAFE S il A4l DNAS #4d3t=
Bz 779k KB AlXe] 0, 0.01, 0.1 2 1.0ug/mL% berberines A 7+Hg <t
Ael ste] 3 W - 9] DNAE F%5t9] d71965S Esto] Fig. 3904 He=
vhof ol e 4 AUk T A berberines A g AlEZA DNAC]
wAs Aol YEES st o o= apoptosis ol o3& MEAEO]

Hdomx 774 KB A= s AA%S &2 st thFig. 3).
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Berberin (ug/mL)

Con 001 01 1.0

-

DMA Fragmentation

Fig. 3. The cleavage of genomic DNA in KB oral cancer cells
stimulated with Dberberine. Cells were stimulated with berberine at
differen concentration for 24hrs. And then, genomic DNA were isolated,
Quantification the electronic porosis on 1.2% agarose gel. After that time,

genomic DNA WERE observed using a UV transilluminator.
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3. Berberined] ¢} 3 Morphological change

1) Hematoxylin-Eosin stain(H&E staining)
Berberine %9 AHlo| & F+73% Xx
A AAEH o Axe] HAAZHS HEH WHIE

berberines 7} FLEWE A glste] 24A|3F &b v st & F3

&3to] dEeATHFig. 4).
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H&EE sLuininL

150 -
P < 0.05 B Apoptotic body M Total-Apoptotic

o 100 4

0

E

=

T

o 30

=

=

Lr ]

-

o

0 n T 1
con 0.01 ug/mL 0.1 ug/mL 1.0 pg/mlL
Berberine

Fig. 4. Berberine decreased the KB oral cancer cells number,
changed the morphology, and induced the cell death. After Cells were
stimulated with berberine for 24hrs they were immediately fixed with
pre—chilled 496 paraformaldehyde and then performed the H&E staining.
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Control Berberine 0. 1pgmL Berberine 1.0 ugmL

[Pl

Fig. 5. Nucleus condensation, signally was observed on KB oral can
cer cells stimulated with berberine. Berberine induces the apoptotic KB

oral cancer cells were incresed by Berberine concertration.
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Control Berberine 0.1pgmL Berberine 1.0 ug/mL

PhilPhil.ux G 1122

Fig. 6. Activated caspase-3 were significantly observed on the KB
oral cancer cells stimulated with berberine. Berberine induces the

apoptotic KB oral cancer cells were incresed by Berberine concertration.
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Fig. 7. Berberine activate the caspase dependant apoptotic pathway

in KB oral cancer cells.

altered by berberine in KB oral cancer cells. The cells were treated with

0, 0.1, 1.0ng/mL of berberine.

_21_

Western blot analysis of TRAIL, Cleaved
Caspase—-8, -9, -3, PARP, house keeping gene GAPDH, Bcl-2, Bax, BAD
in KB oral cancer cells. The diagram demonstrates all the possible genes
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1.0 pg/ml Berberine for 24hr

Control 1.0 pg/ml Berberine for 12hr
g ] ]
N | Necrosis Late apoptosis: necrosis: Late apoptosis: negrosis Late apoptosis:
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Fig. 8. Berberine increases

0

107 10 0t
FL&-H

the apoptotic population of KB oral

cancer cells. To 1identify the berberine-induced KB oral cancer cells
apoptosis, FACS analysis were performed by Annexin—-V and PI staining.
KB oral cancer cells were cultured in complete medium for 24hrs, and
stimulated with 1.0pg/mL berberine(ICsy concentration) for

After stimulation, the cells were analyzed by flow cytometry.
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Fig. 9. Mechanism of inhibition of oral cancer cells by berberine
through caspase dependent pathway.
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