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The Mechanism of Immunomodulatory Effect by
Electro—acupuncture in 2,4-Dinitrophenylated Keyhole
Limpet Protein Immunized Mice

Kim Jeung-shin, Kim Yong-suk and Nam Sang-soo

Department of Acupuncture & Moxibustion, Kangnam Korean Hospital, Kyung-Hee University

Objects : The aim of the study is to investigate the effect of electro—acupuncture (EA) on ST36 to
modulate immune reaction in BALB/c mice immunized intraperitoneally with 24-dinitrophenylated
keyhole limpet protein(DNP-KLH).

Methods : Experimental mice were divided into four groups : 1) Normal group was not performed
by any operation. 2) IM(Immunized) group was immunized intraperitoneally with DNP-KLH and
aluminum hydroxide without electro-acupunture stimulation. 3) IM~EA(immunized—elctro- acupuncture)
group was performed by successive electro-acupuncture on the ST36 acupoint after immunization. 4)
IM-NA(immunized-naloxone) group was performed by immunization and electro-acupuncture with
same method, but naloxone was injected intraperitoneally 30 minutes before eletro-acupuncture to
inhibit the opiate receptor in spleen. Serum total immunoglobulin E(IgE) and antigen-specific IgE was
measured in each group. The expression of interferon-Y and interleukin-4 mRNA in spleen was
researched by real-time RT-PCR.

Results - Serum total-IgE and antigen-specific IgE were significantly decreased only in IM-EA
group. The expression of interleukin—4 in spleen cell was significantly reduced not only in IM-EA
group, hut also in IM-NA group.
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Conclusions

electro—acupuncture.

Above results indicate that the mechanism of immunomodulatory effect of
electro-acupuncture is related to opicid system especially in B-cell immune reaction. Further research
on the T-cell immunity is necessary to explain the mechanism of immunomodulatory effect of

Key words : Electro—acupuncture, DNP-KLH, Th2, IgE, Opioid system
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Fig. 1. Experimental schedule

Normal : Non-immunized group

#* [M(control) : Immunized only group
=% IM-NA :
w0k IM-EA

Immunization with naloxone i.p. injection before electro-acupuncture group
Immunization with electro-acupuncture group
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Table 1. Sequence of Primers Used for Real-time RT-PCR

Gene Oligonucleotide sequence

GAPDH RV 5 - GGC ATG GAC TGT GGT CAT GA -3
FW 5- TTC ACC ACC ATG GAG AAG GC -%

-4 FW 5- ACA GGA GAA GGG ACGCCA T -3
RV 5'- GAA GCC CTA CAG ACG AGC TCA -3

IFN-v FW 5'- TCA AGT GGC ATA GAT GTG GAA -3’
RV 5'- TGG CTC TGC AGG ATT TTC ATG -3’
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o)A H7F= one-way ANOVAES Aldsl3lom,
olo] P value?t 006 ©]3l%1 ¢ Dunnett's
multiple comparison test® %3t ASAFTE
a3tk RT-PCRAT ] HF3E4e =
3lsl wE  EAAEE  GraphicPad PRISM
3.02(GraphicPad software Inc, US.A)E o]&
shdch
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1. Total IgE assay &=}

T WA DNP-KLHE TH% § 497 H+=
o ototal IgE levelS &A% Ad, WwEHES
3724.8+123.11, RS 6323.2£292.96, Naloxone
TR 6061.8+742.80, HIPWAF-S 3091.5+2366.95(°]
Ab ng/mD)EACWCERR] Bisl ] IgE
levelo] felshAl A3t oM (P=0.024), ¥
o] ¥ Naloxonefift-& #Fo]7h SIovt HpAT
& o8 7AP=002002 RtHTable 2,» Fig.
2).

Table 2. Total IgE Production from Serum
in DNP-KLH Mice

Group IgE production{ng/ml)
Normal 3724.8+123.11

IM 6323.2+:292.964
IM-NA 6061.8+742.89

IM-EA 3091.5+2366.95+

The amounts of total IgE in serum was measured
by ELISA. Data shown as meantSEM.(n=hH).
Statistical analysis was by one-way ANOVA
followed by a post hoc test(Dunnett’'s multiple
comparison test); *, P=0.029 for IM-EA group vs IM
group; #, P=0.024 for IM group vs Normal group
Normal @ Non-immunized group

IM : Immunized only group

IM-NA : Immunization with naloxone i.p. injection
before electro—acupuncture group

IM-EA : Immunization with electro-acupuncture
group
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Fig. 2. Total IgE production from serum in
DNP-KLH mice.

The amounts of total IgE in serum was measured
by ELISA. Data shown as mean *SEM.(n=5).
Statistical analysis was by one-way ANOVA
followed by a post hoc test(Dunnett's multiple
comparison test); *, P=0.029 for IM-EA group vs IM
group; #, P=0.024 for IM group vs Normal group
Normal : Non-immunized group

IM : Immunized only group

IM-NA : Immunization with naloxone ip. injection
before electro-acupuncture group

IM-EA Immunization with electro-acupuncture
group

2. Antigen-specific IgE assay &z}

Antigen-specific IgE level S &3+ A3, W&H
FES 3035+2.85, ¥HHARS 596.0 £59.51, Naloxone
BES 607.017594, TEHEES 2822+ 24871(e1%

Table 3. Antigen—specific IgE Production
from Serum in DNP-KLH Mice

Antigen-specific IgE

Group production (ng/ml)
Normal 393.5£2.85

™ 506.0450,51
IM-NA 607.0175.94
IMLEA 280.24248.T1 %

The amount of antigen-specific IgE in serum was
measured by ELISA. Data shown as mean
+SEM.(n=H); *, P=0.045 for IM-EA group vs IM
group

Normal : Non-immunized group

IM : Immunized only group

IM-NA Immunization with naloxone ip.
injection before electro-acupuncture group

IM-EA : Immunization with electro-acupuncture
group -
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Fig. 3. Antigen—specific IgE production from
serum in DNP-KLH mice.

The amount of antigen-specific IgE in serum was
measured by ELISA. Data shown as mean
+SEM.(n=5); * P=0.045 for IM-EA group vs IM
group

Normal : Non-immunized group

IM : Immunized only group

IM-NA : Immunization with naloxone ip. injection
before electro—acupuncture group

IM-EA : Immunization with electro-acupuncture
group
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Z}zke] fAte] LS normalizations)y|
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GAPDH(Glyceraldehyde-3-phosphate
dehydrogenase)®] dissociation curve®t 71 &
o] ZZ9 sample?d] Ct(Cycle numben) 3t 715

22 standard curveE ZA3IATh Datad] A3
AR A %= 0996622 eI} standard
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A. Dissociation curve of GAPDH
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Fig. 4. Dissociation and standard curve of
GAPDH as internal control

A: After PCR reaction, the signal of fluorescence at
every temperature from 60 to 93°C was detected to
confirm no non-specific PCR product and primer
dimer; Rn, Replica numbers

B: Serially diluted ¢cDNA(1, 1/10, 1/100) applied to
PCR. The threshold cycle numbers(Ct) of each
concentration were used to make standard curve.

2) IFN-vY

IFN-v fdAk] 8 real-time PCR 23}
dissociation curvew nonspecific PCR productt}
primer dimer®] AL YW AL RHolFH,
= Cigel A33AEAAT RE 099282
Yeh} standard curve® HEE Aoz <A H
%AtHFig. 5-1).

Standard curve® ©]&3o L 7
sample® IFN-v &9 Ayl ¢
GAPDH®] Id=s o83l YmozH
normalizationdtdc}. 2+ #f 7ke] ol FASH
Hog folslal i Table 4, Fig. 5-2).
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A. Dissoclation curve of IFN-y
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Fig. 5-1. Dissociation and standard curve
of IFN-y

A: After PCR reaction, the signal of fluorescence at
every temperature from 60 to 93C was detected to
confirm no non-specific PCR product and primer
dimer.

B: Serially diluted ¢cDNA(, 1/10, 1/100) applied to
PCR. The threshold cycle numbers(Ct) of each
concentration were used to make standard curve,

Table 4. Expression Level of IFN-v

Group IFN-V/GAPDH (%)
Normal 100.0+96.70
M 127.0£14.85
IM-NA 1445+126.14
IM-EA 354.6+172.67

Each amount of mRNA was normalized with
respective amount of GAPDH. Data shown as
mean*S EM.(n=5). There is no significant difference
between each group.

Normal * Non-immunized group

IM : Immunized only group

IM-NA : Immunization with naloxone ip. injection
before electro—acupuncture group

IM-EA ' Immunization with electro-acupunctur group
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Fig. 5-2. Expression level of IFN-v

Each amount of mRNA was normalized with
respective amount of GAPDH. Data shown as
mean+S EM.(n=5). There is no significant difference
between each group.

Normal @ Non-immunized group

IM : Immunized only group

IM-NA : Immunization with naloxone ip. injection
before electro—acupuncture group

IM-EA : Immunization with electro-acupuncture
group
3) IL-4

A, Dissociation curve of IL-4

60 65 70 75 80 85 50 95
Temperature (C)

B. Standard curve of iL-4
40

R2 = 0.9992
Ct = -3.54*(con)+29.,16

T—

Concentration of Template (log)

Fig. 6-1. Dissociation and standard
curve of 14

A: After PCR reaction, the signal of fluorescence
at every temperature from 60 to 93C was detected
to confirm no non-specific PCR product and
primer dimer.

B: Serially diluted cDNA (1, 1/10, 1/100) applied to
PCR. The threshold cycle numbers(Ct) of each
concentration were used to make standard curve.
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Table 5. Expression Level of L4

Group IL-4/GAPDH (%5)

Normal 100.0£70.15

M 402.8+42.96###
IM-NA 167.2+47.01 %
IM-EA 82.9+73 14

Each amount of mRNA was normalized with
respective amount of GAPDH. Data shown as
meantS.EM.(n=5). #x P=0.003; =x+ P=0000 vs IM
group; ##, P=0.000 vs Normal group.

Normal : Non-immunized group

IM : Immunized only group

IM-NA ' Immunization with naloxone ip. injection
before electro—acupuncture group

IM-EA Immunization with electro-acupuncture
group
400-]
. 350+
L
£ 300
I
g 250
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o 1
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Fig. 6-2. Expression level of IL—4

Each amount of mRNA was normalized with respective
amount of GAPDH. Data shown as mean+SEM.(n=5).
wx P=0003; #*+* P=0.000 vs IM group; #&, P=0.000 vs
Normal group.

Normal @ Non-immunized group

IM : Immunized only group

IM-NA : Immunization with naloxone ip. injection
before electro-acupuncture group

IM-EA : Immunization with electro-acupuncture group

Standard curveE o]€3t A& Z} sample™d
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