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Effect of Vitamin C, Silicon and Iron on Collagen Synthesis and
Break-Down Enzyme Expression in the Human Dermal Fibroblast Cell (HS27)*

Kim, Jeong Eun ‘ Lee, Jinah - Kim, Hyunae - Kim, Jungmin - Cho, Yunhi®
Department of Medical Nutrition, Graduate School of East-West Medical Science, Kyung Hee University,
Yongin 449-701, Korea

ABSTRACT

Collagen is the major matrix protein in dermis and consists of proline and lysine, which are hydroxylated by prolyl
hydroxylase (PH) and lysyl hydroxylase (LH) with cofactors such as vitamin C, oxygen, iron (Fe*"), ketoglutarate and
silicon. The collagen degradation is regulated by matrix metalloproteinase-1 (MMP-1), of which is the major collagen-
degrading proteinase whereas tissue inhibitors of metalloproteinase-1 (TIMP-1) bind to MMP-1 thereby inhibiting
MMP-1 activity. In this study, we investigated the effects of vitamin C, silicon and iron on mRNA, protein expressions
of PH, LH, MMP-1 and TIMP-1. The physiological concentrations of vitamin C (0—100 M), silicon (0—50 M)
and iron (Fe?* : 0—50 /M) were treated to human dermal fibroblast cells (HS27 cells) for 3 or 5days. The expression
level of MRNA and protein was increased in not only PH but also LH when cells were incubated with vitamin C. A
similar increase in LH mRNA or protein expression occurred when cells were incubated with silicon. Our results
suggest that treatment of vitamin C and silicon increased mRNA and protein expression of PH and LH in human dermal

fibroblast. (Korean J Nutr 2009; 42(6): 505~515)
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z7t Wgldch
pzle] 7w FEr Ao wM] w11,
o] gk ol Ay Zehdl g Ul
59 Hxa el TS oulsitt?
FHe}Ae vlell C, oxygen, Fe**, a-ketoglutarate, sil-
icon®| A% 223} prolined lysine®] 2+ hydrox-
ylase?] 2402 HAF+Z2H (procollagen) 02 AT}
Hydroxylasei= 27} 8|9 A&7} =& dgsros
W BA3tE a1, 370 AR o7 Ak} HH 540 S
etk o] I vl Ce Alshe dis A $hd
AA ZAhE A3 A7), silicon ©]E hydroxylase F
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Hko HHO
WL T L=

A9 triple hehx T2 AP I TFERE

23k 7] 3.7 hydroxylysine< hydroxyprolinell
FHow A O‘/P el 59 opv|iato® el 34
9] HEWAQl crosslinking®] Aol 93 H93S 3
)59 o)g} o] F}al Q] posttranslational modification
gE& HE C, silicon, ¥ 58 d¥as) 72 74
oln]=Ake] proline ¥ lysine®] &7 AFgE T}
sk A dellM el FepAll ¥ el Febl el
o Fle 71d Wl Balg s (matrix metalloproteinase,
MMP) % MMPs -85 #]3l|6= tissue inhibitor of me-
talloproteinase (TIMPs) el 2l8] ZEchY 7)14 chaz
ol aAT oY a4l Hgtez Fxe) 754 5
gt o] el Ao ® vrolA=d|! o] & 3ol dixd
Aol ZepAlQl Fehal Type 12 MMP-1¢f| 28 2351
MMP-18] 282 A8 IS T8k fl8l #v]s)=
2-marcroglobulin®]} TIMP-17} 2+ Aalj#lel| <Jal] 24
o] ZA¥t} o]z st MMPs ¥ TIMPs 59 8452 A
oA EE Est tithro] B AE S A EnlHch Y
g A7 m g 98l Fepalel] dist #ile] Frte
AA ekl S AlE S A7 AFE W FEE ol AN
e, el A #gellA ] vlE] Co %ﬁ*é% o]
2] AelA QJEE A Qlek” e, FeEl 34
Al Z2aAE A3 silicon, EE 9 FEHl %”3 oL
Zehle) el aa ] v Xz FFoll Hst A= wn|gk
Aol o]of] & Aol A= vlER C, silicon, Hits
HS27 9% A OOVﬂE o FEHEE Aglste] Fpae] st
Aol #oish= 42 proline hydroxylase (PH), lysyl
hydroxylase (LH) 9} -3l #ofsh= @il MMP-13%
Al A1l TIMP-12] mRNASE ghild whdef wjx]= o
S Yol Al L)

&

o

of

ME 2

AE @ At

2 Aol ARgSE HS27 I Aot Es sheAlET
SYof|A] oFiol & AT Al ujekste] ARSI
o}, BlEMY C (ascorbic acid: A4544), silicon (sodium
silicate solution: 338443) 4! A& (ferric citrate: F6129)
< Sigma (Sigma, USA) oA F3131t}. 10% fetal bovine
serum (FBS), Dulbecco’s modified Eagle’s medium
(DMEM), trizol reagent:= GibcoA}l (CA, USA) A +
A8F31 3, M-MLV RT, RNase inhibitori= Promega (CA,
USA) of|4], PCR-premix tubei= (5°) Hlo] 2 1o}ef A 4]

oJ3f

st3itt. PH, LH, MMP-1 3! TIMP-19] 12} @4:= CH-
EMICON International Co (Temecula, CA, USA) 94|
Tste] ARSI

HS27 TE M JOME HYY

HS27 3% /do}A43E (Human dermal fibroblast cell)
+ Polystyrene A vk Al H2A]7]22 10% FBS
(Gibco, USA) = %73t DMEM (Gibco, USA)& AHg-a}
of wjFaith vlYkA] FEE 95%, 25 37CE 74
A 5% CO. 5 A% aashaleh!”

HIEI C, A&, Silicon, proling, lysine EZZX ZH|

0~100 M &= HjEH C, 5~50 MY silicon (so-
dium silicate solution), 0~50 M| ¥ (ferric citrate)
EZFE4S dimethylsulfoxide (DMSO, HZE5%E<0.05%,
v/v)el Fof AREsIlnh. 4 BE=4Y s 7 YYa
o X 4 I 71Eo® stk FAA o ®
B Ag o) AM-3E ascorbic acid FE= I3 U ascorbic
acid % 45 pM” W I3 ) FEel 7.6 pME 7o
Z 3} 0~100 M B FeAet”

rrc=
o=

Silicon®} HE-& Silicon®] g3 W 5% 5~20 M},
AR A Y ¥ 6.27~32.23 pMOE 7]Fo R &1
0~50 pME A == J3H3ith
Reverse transcriptase PCRZ ©|8%t 242 mRNA &
8 5

7} H0] BlEl C, silicon, ES 39 E= 547 A

gt AL Trizol reagentE ©]43sk] RNAES E&5f
2 3 260 nmeollA kit Total RNA 10 #L (0.5
re/ pl) = 65°co1w 1043t 7kd3tar 4CellA 10% 5
QF W3k & 1 uL oligo (dT)15 primer (0.5 pg/pl), 1
#L M-MLV RT (10 unit/ ¢L; promega, USA), 1 pL
RNase inhibitor (20~40 unit/ #L; promega, USA), 10
nL 5X RT buffer (250 mM Tris-HCI, pHS8.3, 375 mM
KCl, 15 mM MgCly), 5 L 2.5 mmol/L dNTP mixture,
0.1% diethylpyrocarbonate (DEPC) ZRF+E H7Fstn
37T 1AI3F 53t 7138t cDNAE 43Stk Prolyl
hydroxylase (PH), Lysyl hydroxylase (LH), MMP-1,
TIMP-19] mRNA W&3-s 5438171 flato] 4% cDNA
2 RT-PCRS A1} AH8%¥ GAPDH (Glyceraldehy-
de-3-phosphate dehydrogenase), PH, LH, MMP-1, TIMP-
19] primer sequence™ Table 13} 7t} PHY primerE
Z¥zk 1 pL (0.5 pg/pL)? 71etal 3/3%¥ cDNA®] 0.1%
DEPC-Water9} 7] PCR-premix tube ((F)u}o]21joh



Table 1. Primer sequences used in RT-PCR
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Gene Primer sequence

GAPDH Sense; 5'-TTG TCA AGC TCA TIT CCT GGT ATG-3'
Anti-sense; 5'-GCC ATG TAG GCC ATG AGG TC-3

Prolyl hydroxylase'”*” Sense; 5'-CCA CAG CAG AGG AATTAC AG-3'’
Anti-sense; 3'-ACA CTA GCT CCA ACTTCA GG-5'

Lysyl hydroxylase®™ Sense: 5'-GGA ACC TGG CCT ATG ACA CCC T-3'
Anti-sense; 5'-TGC CAT GCT GTG CCA GGA ACT-3'

MMP-1% Sense; 5'-AAG GTT AGC TTA CTG TCA CAC GCT 1-3’
Anti-sense; 3'-CGA CTC TAG AAA CAC AAG AGC AAG A-5'

TIMP-1% Sense; 5'-TGC TGG GTG GTA ACT CTT TATTTC A-3'
Anti-sense; 3'-ATC CTIG TTG TTG CTG TGG CTG ATA G-5'

ol 37}8Fed Denaturation 95 T4 30%, annealing
72CNA 30%, extension 72CA 2852t 30cycle
283139t} LHE= denaturation 94T 30%, annealing
52TelA 45%, extention 72C 30%3%t ¥ 40cycle®
A&k MMP-1, TIMP-1+= denaturation 94C 30
%, annealing 50CeA 30%, extention 72T 1&%<t
28cycle® aaFgIth

PCR AAES 2% agarose gel®lA] non-specific PCR
productt} primer dimer 5°] §I=A1E #1191, Y&
9] 9FS- imaging densitometer [Labworks ver.4.6. (image
acquisition and analysis software), UVP, CA] & ARg-s}

of Z7453irt.

Western blotting2 ©|&9t 22| HHiA Al 24

PH, LH, MMP-1, TIMP-19] w2 ®3-& western
blotting 2.2 S48}tk 7} w%9] vlel C, A2, silicon
& 39 T 5U%F A AEE RIPA buffer (20 mM
Tris-HCI, pH 8, 150 mM NaCl, 10 mM NaPO, 10%
glycerol, 100 #M NaVO, 100 #M ammonium molyb-
date, 1% NP-40, 0.1% SDS)ell 4C Je|& Folex
A EEste] dsds did FEdoR FHlegith o
Wz k8 hovine serum albuming ¥F° % 39 Brad-
ford assay (Bio Rad) & ©]g€3}°] 595 nmelX SFEE
SAsto] A4tk

0¥ T AS 4x sample bufferol] €838l 95Tof
A 587 7143 1S 10% SDS-PAGE (polyacrylamide
gel electrophoresis) o4 7] 454|171 % Hybond ECL
nitrocellulose membrane®] A1t PH, LH, MMP-
1 9 TIMP-19] 13} A= 5% skim milk, 0.1% Tween-
20< &3t PBSOll EAAAA 4TCellA 16A1ZF F<t 1F
A7 % 0.1% Tween-205 33t PBSE 1554 3
24 AlA ATy Blocking solution® 2 1 : 500082
31X A7 peroxidase-conjugated anti-IgG 22} arA| &} A

o

2o 1AIZE B9 RESAIZL 3 0.1% Tween-20S 3+
St PBS® 32k Al#ska @S ECL hyperfilmo =z &
Q15T ZF Band? intensity+ imaging densitometer
(model GS-700, BIO-RAD, USA) & ARE-ste] A=ks)st
ATt

S

2% Aap= SPSS ver.13 (SPSS Inc, Illinois, USA)
A ZEIOPE olgste] EAEINle O Ay Bt
+ ¥ 23} (mean = SEM) 2 ZEAISIAT ) A
gl ko] el ot 19492 general linear model
(GLM) 9] Duncan’ s multiple range testZ ©]&3}] p <
0.05°14 53tk

2 0

HS27 TS M JOMM I HIERI C, silicon R
prolyl hydroxylase<t lysyl hydroxylase2 mRNAZS
°f| OjAl= 21t

HS27 AfrotAl M vl C, silicon, di-& 974 4
IR | sE HIZ 39 T 59 A & RT-PCRZ A+
HE prolyl hydroxylase (PH) 2] mRNA &S house
keeping gene Q! GAPDH ¥ tjx7 ¢ #H& 7|$o=
T8 s d¥ (Fig. 1), 3€7ke] 5~100 M vlep C
Ag)i= PHE mRNA #HdS d43] T7HAZ =, 53
5 ¢M 9 50 M HER] C AHElrtelA PH mRNAS]
o] izl vl o4 ow Tkt (p = 0.026).
WA silicon 9 Ht0] 3U7Ee] Aol e w2 T
s}7] PH mRNA Zde] W37t glsich 5 pM vlefl C
o] 5Uzke] Hzltell A 300%7H4 PHE mRNA o]
AAs] Stk ow, 1 F7F e 393k Al n
314 stotrh Silicon ¥ o] 5U1Re] A= st

W5l PH mRNA 2@l J&= vAA oA T 9

7(-II:10|

=
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A AT

Zy gokae 39 e 597 Al & Lysyl hydrox-
vlase (LH) ¢l mRNA #3-& |35t 49} (Fig. 2), 39
7+ 5~50 M silicon HEToll4 LHS mRNA #H3o]
iz B8l o)A oz ST (p = 0.012). 20~50
M AR Aol E LHE mRNA o] 7181
Ou vlER CEl 3Uzte AEe RS FasHl Ed
of Qs wAA A B= AAIAZTE 10 1M silicon

a5

rle

=

g

o ©°

9] 5U7F A= LHS mRNA &S 400%7H4 Z7HA
Ao (p=0.038), HIEF C & AR 5Uz+e] A+
o Fw9 Fal7 LH mRNA 2alo] Wbz} glqlt)

<, PH mRNA Q] ¥ 397ke] 5~100 M HJER C
o8l 7k @8] S7kst R LH mRNAS] 22 3
7k 5~50 M silicon Aol 93l Frlsksith 547t
HER C Ag):= PH mRNA 23 Z7pA7a 547t
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Fig. 1. Effects of ascorbic acid, siicon and iron on prolyl hydroxylase (PH) mRNA expressions of cultured human dermal fibroblasts.
Human dermal fibroblast cultures were treated with ascorbic acid (0, 5, 10, 50, 100 M), silicon (0, 5, 10, 25, 50 M) and Fe (0, 5, 10,
20, 30, 50, 100 M) for 3 days (A) and 5 days (B). The expression levels of PH mRNA was analyzed by RT-PCR. The signal intensity
were quantified the integrated area were percentized to the signal observed in control cells (% control) . Results shown are means +

SEM (n = 3) (p<0.05).
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HS27 T2 M-3CMMIXEIN BIERI C, silicon, ZE°| prolyl
hdroxylase (PH) % Iysyl hydroxylase (LH)2| Sr&
250 0Al= 2t

PH 9 LH w2 o] ke WH3l= Hlelrl C, silicon W &
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o] 3¢ 9 549 2] & western blotting 0.2 Ah Bt}
(Fig. 3, 4). PH @4 9] Wt S okl oading control$!
B-actin ¥ UZ2TE V|Fo® A5t A3 (Fig. 3), H]
Rl C Aol 938 PH mRNAS] A3 2 Zrfo| %
E7etal (Fig. 1), 39 &<te] vefl C& A v% 4
Al 71743 Fa3skA PH w9 whde] ofgks n]x]%]
A3koLt 5 M HIERI CE] 5 Hzltel A PH w2 e]
o] fold o2 S8 (p = 0.037). Silicon ¥ A
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Fig. 2. Effects of ascorbic acid, silicon and iron on lysyl hydroxylase (LH) mRNA expressions of cultured human dermal fibroblasts.
Human dermal fibroblast cultures were treated with ascorbic acid (0, 5, 10, 50, 100 M), silicon (0, 5, 10, 25, 50 M) and Fe (0, 5, 10,
20, 30, 50, 100 M) for 3 days (A) and 5 days (B). The expression levels of LH mRNA was analyzed by RT-PCR. The signal intensity
were quantified the integrated area were percentized to the signal observed in control cells (% control) . Results shown are means +

SEM (n = 3) (p<0.05).
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Fig. 3. Effects of ascorbic acid, silicon and iron on prolyl hydroxylase (PH) protein expressions of cultured human dermal fibroblasts.
Human dermal fibroblast cultures were treated with ascorbic acid (0, 5, 10, 50, 100 M), silicon (0, 5, 10, 25, 50 M) and Fe (0, 5, 10,
20, 30, 50, 100 M) for 3 days (A) and 5 days (B). The expression levels of PH proteins was analyzed by westem blotting. The signall

intensity were quantified the integrated area were percentized to the signal observed in control cells (% control) . Results shown are
means = SEM (n = 3) (p<0.05).
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19] AajAQl TIMP-19 mRNA ¥Hedof n)Xx]+= gk tff
& dotrgith HS27 Ad-frobHlEelA] nleR C, silicon,
2 83 9 957 i v 8% 39 1= 54U A
RT-PCRZ A& MMP-12] mRNA 23S house keep-
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Sk A3, 397k 50 M BIERI CE AHegh TollA tix
<7kt whd
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(p =0.037), TIMP-12] mRNA 2&& FE9l= AHwglo]
o3 Brh w2 RS YeRIgIth 3%, 543 silicon
9 AR At 9 547k vlER] C Aol MMP-1
2 TIMP-12] mRNA #&e tjz77} 2o]7} §1gich

o] Az}, 7t P49 39 w59 g F MMP-1 ¥
TIMP-1¢] mRNA & 397k Hlel CE 50 p¢M
A g oA MMP-12] mRNA 2&lo] thxte] vl %
7hst Wb silicon, Hite] AE] W 7} 8] 5U1ke] Ao
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Fig. 4. Effects of ascorbic acid, siicon and iron on Lysyl hydroxylase (LH) protein expressions of cultured human dermal fibroblasts.
Human dermal fibroblast cultures were treated with ascorbic acid (0, 5, 10, 50, 100 M), silicon (0, 5, 10, 25, 50 M) and Fe (0, 5, 10,
20, 30, 50, 100 M) for 3 days (A) and 5 days (B). The expression levels of LH proteins was analyzed by westem blotting. The signal
intensity were quantified the integrated area were percentized to the signal observed in control cells (% control) . Results shown are

means = SEM (n = 3) (p<0.05).
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Fig. 5. Effects of ascorbic acid, silicon and iron on MMP-1 and TIMP-1 expressions of cultured human dermal fibroblasts. Human dermal
fibroblast cultures were treated with ascorbic acid (0, 5, 10, 50, 100 M), silicon (0, 5, 10, 25, 50 M) and Fe (0, 5, 10, 20, 30, 50 M)
for 3 days. A: The expressions of MMP-1 protein was analysis by western blotting. B: The expressions of TIMP-1 was analyzed by

western blotting. Results shown are means + SEM.

e MMP-1 @ TIMP-12] mRNA W&le tix+3 =}
o]7} ¢lglc}. (data not shown)

HS27 TIE M{CMIZEIN HIEDI C, silicon, E2°l ma-
trix metalloproteinase-1 (MMP-1)2t tissue inhibitors
of metalloproteinase-1 (TIMP-1)2| THH#Al 25i0]| O]A|
£ 21

MMP-1, TIMP-1 whaz €] H 3= vleR C, silicon
ol ZRo] 37kx] B Jokirol 3 W 5 2 & west-
ern blottings ©]&38Fe] LolH gty MMP-1 whed o] vt
g @A Joading control?! B-actin ¥ FE 7E=
o7 FA33%t A3 (Fig. 5), HIEW] C ATl 5=
gl 717kt F3sA MMP-1 9 TIMP-12] w2l kg of]
W3b7E Udek v, 50 #M, 5 M9 silicon #2]toll A
747} MIMP-1 9 TIMP-19] sl whado] ojzgtof| nls
200% Z7Fkdeh (p = 0.011). HE Aol MMP-1,
TIMP-19] whlzl Wigh= IOt 2F YUAE 5 53 A

]

2let Aap ZF el o] #2#Ql Apol= (131t (data not

shown).

o) =4k proline # lysine©] prolyl hydroxylase
(PH) 9} lysyl hydroxylase (LH)2] %8S o} hydox-
ylation ¥|HA $MHCE? o] PHeL LHE] E/ds}e] w]e}
7l C$} silicon ¥ A#-0] co-factor= 2H-g-sht}.

HIER C= #lit, BEE] 59 #d3 obe v &
FEo] e YRR AoFH B =4 59 AYAl 7
Fo] gatsl 58S A7 FloE dEA ek
st HIER Col A7t Seball Aol Hofshs a4l o
ol W= vjeR Ce] A7t PHS LHE 84S 57t
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