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Abstract: The immunosuppressive agent cyclosporin A has been proven to reduce the rejection rate and prolong the
survival time of transplanted hearts. But some reports showed that cyclosporine A did not completely suppress the
rejection. We performed in vitro studies to model a time course to observe the effect of cyclosporin A. Methods: The
experiment was divided into a control group (group I), an antigen group (group Il), a cyclosporin A group (group Il1)
and an antigen + cyclosporin A group (group V). After transplantation, at 2 h, 6 h, 12 h, 24 h, 48 h and 72 h, leuko-
cyte molecules were monitored. Results: The expression of IL-2R peaked at 12 h in group 1l and at 6 h in group IIl.
There was a gradual decline in the expression of the P59 gene in group |, positive expression at 2 h and between 12
hand 24 hin group Il, in group IV, there was a decrease at 48 h. The expression of the CD4 gene was lowest at 2 h
in group | and at 6 h in group Il. CD4 expression then quickly increased to a maximum at 48 h in group lll, at 2 h in
group IV. There was a minimal expression was reached at 12 h in group | and IV and at 6 h in group Il in the expres-
sion of the CD8 gene. Conclusions: Alloantigen induced lymphocytes to release IL-2R and P59 and stimulated the
induction of the CD4 gene’ transcription for 6 h. Cyclosporin A stimulated the release of IL-2R for 2 h. These results
provide an in vitro basis for describing the time phases of rejection inhibited by cyclosporin A.
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Introduction

Transplantation rejection is associated with
lymphocyte activation, which is regulated by
multiple genes and signal transduction path-
ways [1-4]. The immunosuppressive agent
cyclosporin A has been proven to reduce the
rejection rate and prolong the survival time of
transplanted hearts [5-8]. However, the use of
cyclosporin A for organ transplantation rejec-
tion alters peripheral blood mononuclear cells
and caused them to express cytokines, the
major histocompatibility complex (MHC) and
allostimulatory molecular markers. There are
several tens of genes that participate in activa-
tion and expression. The genes can be divided
into three categories: immediate genes, which
are expressed 15~30 min after stimulation,

early genes, which are expressed 0.5~24 h
after stimulation and late genes, which are
expressed several days after stimulation.

Our previous rat homogenic transplantation
experiment showed that in spite of the interfer-
ence by cyclosporin A, there were pathological
rejection changes in the same time-frame as
the control group. This suggested that cyclospo-
rin A could not completely block the rejection
paths, and its mechanism needed to be
explored further.

To observe early stage changes after the induc-
tion of lymphocyte surface protein markers and
genes and to explore the exact inhibitory effect
on the immunological system of cyclosporin Ain
effective concentrations, we compared the
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expression timeframe of lymphocyte genes and
surface markers groups treated with or without
cyclosporin A, thus providing a basis for detec-
tion, prevention and cure.

We performed in vitro studies to model a time
course to observe the effect of cyclosporin A.

Materials and methods
Animals and grouping

This study was conducted in strict accordance
with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the
National Institutes of Health. The protocol was
reviewed and approved by the Committee on
the Ethics of Animal Experiments of Anzhen
Hospital, Capital Medical University. All surgery
was performed under sodium pentobarbital
anaesthesia, and all efforts were made to mini-
mise suffering. One male Sprague Dawley (SD)
rat weighing 250 g was used as the allogenic
myocardial antigen donor source and was pro-
vided by the Anzhen Hospital Animal Center.

Five Wistar rats weighing 250 g were used as
the recipients of the splenic lymphocytes.
Cyclosporin A (Neoral Sandimmune) was
obtained from Novartis Pharma.

Recipient splenic lymphocytes were added to
cell culture bottles. After an overnight culture,
the cells were divided into four groups. Group |
was the control blank group; group Il was the
antigen group, also termed the allogenic myo-
cardial intervention group, which received 10
mL of a splenic lymphocyte suspension in addi-
tion to 200 pl of a myocardial tissue antigen
homogenate; group Il was the cyclosporin A
intervention group, which received 10 mL of a
solution of splenic lymphocyte suspension and
cyclosporin A (final concentration 15 pg/mL);
group IV was the allogenic myocardial antigen +
cyclosporin A intervention group, which
received 10 mL of a solution of splenic lympho-
cyte suspension in addition to 200 pl of a myo-
cardial tissue antigen homogenate and cyclo-
sporin A (final concentration 15 pg/mL). The
blank control group was monitored at seven
time points (O h, 2 h, 6 h, 12 h, 24 h, 48 h and
72 h; the splenic lymphocyte suspension from
each recipient rat was divided into seven bot-
tles). The remaining three groups were moni-
toredat2 h,6 h, 12 h,24 h,48 hand 72 h after
the intervention (the splenic lymphocyte sus-
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pension from each recipient rat was divided
into six bottles).

Materials

RPMI1640 culture media (Gibco), newborn calf
serum (NCS; Hyclone), CO, cell culture incuba-
tor (American Pyroelectricity) were used in this
study.

Myocardial tissue antigen and splenic lympho-
cyte preparation and culture

The SD rats were anesthetized by intraperito-
neal injection of 3% pentobarbital sodium at a
dose of 45 mg/kg weight. The heart was
removed, washed with physiological saline and
placed in a tissue homogenizer obtain a myo-
cardial homogenate. The myocardial homoge-
nate was centrifuged for 10 min at a speed of
2000 rpm. The sediments were washed twice
with RPMI1640 culture media containing 10%
NCS. Next, 15 mL of 10% NCS-containing
RPMI1640 culture media was added to the
sediments to obtain a myocardial tissue anti-
gen suspension, which was aliquoted into frac-
tions of 1 mL/tube and stored at -20°C. The
entire process was performed under sterile
conditions.

The five Wister rats were anesthetized by intra-
peritoneal injection of a 3% pentobarbital sodi-
um at a dose of 45 mg/kg weight. The spleens
were removed and placed on a cellular sieve.
The spleens were placed in culture media and
softly ground. The cell suspensions were col-
lected and centrifuged for 3 min at 1200 rpm.
The supernatant was removed, and the cell pel-
let was resuspended in 4 mL of hemolysate for
4 min for hemolysis. The hemolyzed samples
were centrifuged for 3 min at 1200 rpm. The
supernatant was removed, and the pellet was
washed twice. The concentration of splenic
cells was adjusted to 2x10° cells/mL using
RPMI1640. The splenic lymphocyte suspension
was placed in a cell culture incubator at 37°C
and 5% CO,. For each recipient rat, prior to
grouping, one bottle of cells was set aside for
use as a zero reference. For all 4 groups, the
splenic lymphocyte suspensions of the recipi-
ent rats were monitored at2 h,6 h, 12 h, 24 h,
48 h and 72 h after the intervention.

Lymphocyte surface protein expression levels

XL A27153 flow cytometer (American Culter
Company) was used to monitor the percentage
(%) of CD4, CD8, IL-2R, ICAM-I and MHC-II.
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Figure 1. A time-course of MHC-II expression in rat lymphocytes. Compared to the levels prior to intervention in the

same group; *P<0.05, **P<0.01.

Expression levels of lymphocyte protein coding
genes by real-time quantitative PCR

Total lymphocyte RNA was extracted using
Trizol (Gibco). The expression levels of CD4,
CD8, P59 and B-actin lymphocyte-coding genes
were monitored in every group and at each time
point by real-time quantitative PCR according to
the manufacturer’'s recommendations (Gibco).

Statistical analysis

SPSS statistical software was used to analyze
the results in every time point in the four groups
in relation to the O h time point in the respec-
tive group. All data are reported as x£SD. A
t-test was used to detect significant differences
among the results, using P<0.05 as an indica-
tor of significance.

Results
Time course of MHC-Il molecular expression
In all four groups, there was a gradual increase

in the molecular expression of MHC-Il. There
was a significant deviation in the non-control
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groups compared with the control group (Figure
1).

Time course of CD4 molecular expression

In all four groups, the molecular expression of
CD4 gradually decreased. There were not sig-
nificant deviations in the non-control groups
compared with the control group, although
there was one plateau in the cyclosporine group
between 2 hand 24 h ..

Time course of CD8 molecular expression

In all four groups, the molecular expression of
CD8 gradually decreased. There were signifi-
cant deviations between all four groups. In the
cyclosporine group, there was no plateau
between 2 h and 24 h.

Time course of IL-2R molecular expression

In the antigen group, IL-2R expression was ini-
tially positive at 2 h, peaked at 12 h, reached a
minimum at 24 h, and then gradually increased
between 24 h and 72 h. In the cyclosporin A
group, IL-2R expression was initially positive at
2 h, peaked at 6 h, reached a low pointat 12 h,
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Figure 2. A time-course of IL-2R expression in rat lymphocytes. Compared to the levels prior to intervention in the

same group; *P<0.05, **P<0.01.

and then quickly increased at 48 h. There were
no statistically significant changes (Figure 2).

Time course of ICAM-I molecular expression

In the antigen group and the antigen + cyclo-
sporine group, the expression of ICAM-1 was
negative at 6 h following intervention, positive
from 6 hto 12 h and then fluctuated from nega-
tive to positive, which is similar to the expres-
sion changes seen in the control group. In the
cyclosporine group, the expression of ICAM-|
peaked at 2 h after the intervention; at subse-
qguent time points, ICAM-| expression was simi-
lar to that of the control group. There were no
statistically significant differences.

Time course of P59 gene expression

In the antigen group, the expression of P59 was
initially positive at 2 h and then gradually
became negative between 2 h and 12 h, reach-
ing a minimum at 12 h. The P59 level became
positive again at 24 h and then returned to
negative relative to the control group. P59
expression was positive at 2 h and between 12
h and 24 h in the antigen group. In the cyclo-
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sporin A group, there was no obvious peak in
P59 gene expression. In the antigen + cyclo-
sporine group, P59 gene expression reached a
minimum at 48 h and then quickly increased
during the 48 h-72 h period (Figure 3).

Time course of CD4 gene expression

In the cyclosporine group, CD4 gene expression
was initially moderate, peaked at 48 h and was
then negative compared with the control group.
The CD4 expression was negative and reached
a minimum at 2 h.

In the antigen + cyclosporine group, CD4
expression had a sharp positive peak at 2 h
and then gradually became negative by 12 h
compared to the control group. In the antigen
group, CD4 expression gradually became nega-
tive and reached a minimum at 6 h after the
intervention and then quickly increased (Figure
4).

Time course of CD8 gene expression

CD8 expression was negative in the four
groups. CD8 expression reached a minimum at
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Figure 3. A time-course of P59 expression in rat lymphocytes.

12 h in the control and at 24 h in antigen +
cyclosporine groups and at 6 h in the cyclospo-
rine group and then quickly increased (Figure
5).

Discussion

Cyclosporin A (CsA) is an immunosuppressive
agent that exerts its effects by interacting with
the CsA receptor (cyclophilin, CyP) in the cyto-
plasm. CyP and CsA form the CyP/CsA com-
pound, which forms the CyP/CsA/CN ternary
complex with calcineurin. CyP/CsA/CN can
block CN dephosphorylation and hinder Ca2*
inflow to inhibit the T cell nuclear activation and
transduction pathway. CyP/CsA/CN can block
IL-2 gene transcription in T lymphocytes to sup-
press T cell activation and proliferation. CyP/
CsA/CN can also suppress the expression of
IL-2R, IL-2 and early T cell-activated genes in T
cells to finally suppress rejection [5-7]. Thus,
CsA has been used clinically to prevent organ
transplantation rejection.

The results of our clinical study showed that
CsA could not block the early activation of T
lymphocytes induced by allogenic antigens.
Kang HG concluded that CsA does not suppress
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the positive expression of the IL-2 gene [5]. The
results lead to the following questions: (1) What
is the precise mechanism and outcome of a
CsA defect [5-7]? (2) What is the effect of organ
transplantation on lymphocyte surface mole-
cules and gene expression levels? To address
these questions, we performed in vitro studies
to model a time course for the expression of rat
lymphocyte surface proteins and coding genes
induced by allo-myocardial tissue and observed
the time-dependent effect of cyclosporin A.

Major histocompatibility complex Il (MHC-II)
plays a role in antigen presentation of antigen
presenting cells (APC) [9]. In four groups, MHC-
Il expression was gradually increased. There
was not a significant deviation in the other
three group compared with the control group.
These data showed that myocardial tissue anti-
gen, CsA, antigen and CsA activation did not
increase MHC-II expression.

Lymphocyte activation required a double sig-
nal, namely, a second signal (allostimulatory
signal) in which allostimulatory molecules on
APC bound the allostimulatory molecules on
the lymphocytes. ICAM-1, a ligand of LFA-1
located on the surface of lymphocytes, induced
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Figure 4. A time-course of CD4 gene expression in rat lymphocytes.

the lymphocyte activation and proliferation [10-
13]. In vitro experiments showed that there
were no significant changes in any of the four
groups, although in the cyclosporine group,
there was one positive peak at 2 h after the
intervention, which indicated that ICAM-1 was
released.

CD4 and CD8 are accessory receptors that
bind the antigen peptide-MHC-1l/I complex
through the TCR-CD3 co-receptor. In vitro
experiments showed that there was a gradual
increase in the expression of CD4 and CDS8 in
the four groups. These experiments indicted
that myocardial tissue antigen, CsA, antigen
and CsA activation did not directly affect the
positive expression of CD4 and CD8 in lympho-
cytes in the absence of positive MHC-II expres-
sion. In the antigen and CsA activation group,
there were no changes in IL-2R expression.
However, in the CsA group, IL-2R molecules
were released.

The P56 and P59 genes are the principal mem-
bers of the tyrosine kinase family. Due to signal
transduction and the corresponding tyrosine
phosphorylation, lymphocytes are activated
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and proliferate in response to CD4, CD8 and
IL-2 lymphocyte surface marker expression. In
another study, CD45 was identified as the key
molecule in early stage T lymphocyte activa-
tion. Cytoplasm containing CD45 had increased
tyrosine phosphatase activity, which eliminated
the phosphate group on negative tyrosine resi-
dues in Ick and fyn to promote the tyrosine
phosphorylation of other substrates and the
activation of T cells [13]. In the control group,
negative expression occurred in a gradual, mul-
tistep process. There were two instances of
positive expression in the antigen group, at 2 h
and between 12 h and 24 h. This signified that
the allogenic antigen induced the start of lym-
phocyte activation at 2 h. However, the nega-
tive expression of the P59 gene between 2 h
and 12 h showed that the start point of the lym-
phocyte signal transduction pathway (phos-
phate tyrosine Kkinase activation) was sup-
pressed. In the cyclosporin A group, there was
positive expression of the P59 gene between 6
hand 12 h, a 6 h delay compared to the antigen
group. In the antigen + cyclosporine group, P59
expression was positive between 2 h and 6 h,
which is a 2 h delay following intervention com-
pared to the antigen group. These results indi-
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Figure 5. A time-course of CD8 gene expression in rat lymphocytes.

cate that CsA suppressed the transduction
pathway of early signals and P59 gene
transcription.

In the cyclosporine group, the expression of
CD4 was initially moderate, peaked at 48 h and
then became negative compared with the con-
trol group in which CD4 expression reached a
minimum value at 2 h. In the antigen + cyclo-
sporine group, CD4 expression was briefly posi-
tive during its peak at 2 h and then gradually
became negative compared to the control
group level at 12 h. In the antigen group, CD4
expression decreased once, reaching a mini-
mum at 6 h after the intervention; subsequent-
ly, CD4 levels quickly increased. These data
indicate that CsA weakly induced CD4 gene
expression and allogenic myocardial tissues
induced CD4 gene expression to a certain
degree.

In the antigen group, the positive expression of

P59 occurred 6 h earlier than CD4 expression,
which had positive expression during the 6
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h-12 h period. This indicates that allogenic
myocardial tissues may induce temporary tran-
scription of the CD4 gene through a P59 signal
transduction pathway. In the cyclosporine
group, CD4 expression was positive, which is in
contrast to the negative expression of P59 at 6
h following intervention. This indicates that CsA
may induce CD4 gene transcription through the
same pathway. In the antigen + cyclosporine
group, the positive expression of the P59 gene
was 2 h delayed compared to the time of posi-
tive CD4 gene expression. These data may
explain the observation that when the tran-
scription factor began to modulate CD4 gene
transcription, P59 transcription was quickly
suppressed. Within 2 h after the intervention,
CD4 expression was positive and P59 expres-
sion was negative.

There was negative expression in all four
groups. The control and antigen + cyclosporine
groups reached minimum values at 12 h, and
the cyclosporine group reached a minimum
value at 6 h; the expression then quickly
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increased in these three groups. These data
indicate that the translation process was mod-
ulated by the CD8 gene. Myocardial antigen did
not directly induce CD8 gene transcription and
expression. In the cyclosporine and cyclospo-
rine + antigen groups, CD8 expression levels
were lower than that in the control group. In the
cyclosporine + antigen group, the positive
expression of CD8 occurred 18 h after the
cyclosporine group, indicating that CsA only
suppressed early transcription of the CD8 gene
after antigen intervention and did not suppress
the middle-late CD8 gene transcription; CsA
did, however, suppress translation of CD8.

In the cyclosporine group, there was a gradual
decrease in expression in lymphocyte CD4 and
CDS8 proteins, which showed that the activity of
the lymphocytes was in the silence state. The
expression of CD4 and CD8 proteins did not
correlate with CD4 and CD8 at the transcrip-
tional level, which indicated that changes in
CD4 and CDS8 transcription did not alter the
translation of lymphocyte surface proteins.
There was a gradual increase in expression in
the CD4 gene at 48 h following the interven-
tion, which demonstrated that CsA can induce
CD4 gene transcription to a certain degree [14-
16]. However, CD4 transcription and protein
expression did not correlate, indicating that
CsA may not be sufficient to stimulate transla-
tion of lymphocyte CD4 surface proteins and
CD4+T lymphocytes. Mechanisms other than
the calcineurin pathway are still unclear and
require further study.

In conclusion, it is clear from this study that
alloantigen induced lymphocytes to release
IL-2R and P59 and stimulated the induction of
the CD4 gene’transcription for 6 h. Cyclosporin
A stimulated the release of IL-2R for 2 h. These
results provide an in vitro basis for describing
the time phases of rejection inhibited by cyclo-
sporin A.

Acknowledgment

This work was supported by grants from the
Capital Medical Science Development Fund of
China (No. ZB9814).

Conclict of interest

None.

411

Abbreviations

APC, antigen presenting cells; CN, calcineurin;
CsA, Cyclosporin A; CyP, cyclophilin; MHC, major
histocompatibility complex; NCS, Newborn Calf
Serum; SD rat, Sprague Dawley.

Address correspondence to: Zhao-Guang Zhang,
Department of Cardiac Surgery, Institute of Heart,
Lung and Blood Vessels, Anzhen Hospital, Capital
Medical University, Beijing 100029, China. Tel:
86-10-64456652; Fax: 86-010-64444521; E-mail:
ssnfder@163.com. Co-Correspondence: Yi-Min
Huang, E-mail: yiminh0504@sina.com

References

[1] Gottschalk RA, Hathorn MM, Beuneu H, Corse
E, Dustin ML, Altan-Bonnet G, Allison JP. Dis-
tinct influences of peptide-MHC quality and
quantity on in vivo T-cell responses. Proc Natl
Acad Sci USA 2012; 109: 881-886.

[2] Liao W, Lin JX, Leonard WJ. IL-2 family cyto-
kines: new insights into the complex roles of
IL-2 as a broad regulator of T helper cell differ-
entiation. Curr Opin Immunol 2011; 23: 598-
604.

[3] Friedman BH, Wolf JH, Wang L, Putt ME,
Shaked A, Christie JD, Hancock WW, Olthoff
KM. Serum cytokine profiles associated with
early allograft dysfunction in patients undergo-
ing liver transplantation. Liver Transpl 2012;
18: 166-176.

[4] Cordero-Pérez P, Torres-Gonzalez L, Muhoz-Es-
pinosa L. Cytokines expression in peripheral
blood cells of patients with orthotopic liver
transplant: Preliminary results. Rev Gastroen-
terol Mex 2011; 76: 108-112.

[5] Kang HG, Zhang D, Degauque N, Mariat C,
Alexopoulos S, Zheng XX. Effects of cyclospo-
rine on transplant tolerance: the role of IL-2.
Am J Transplant 2007; 7: 1907-1916.

[6] Lai NS, Yu CL, Yin WY, Yu HC, Huang HB, Tung
CH, Lu MC. Combination of nifedipine and sub-
therapeutic dose of cyclosporin additively sup-
presses mononuclear cells activation of pa-
tients with rheumatoid arthritis and normal
individuals via Ca(2+)-calcineurin-nuclear fac-
tor of activated T cells pathway. Clin Exp Im-
munol 2012; 168: 78-86.

[7]  Groth K, Akhi SN, MdIne J, Wranning CA, Bran-
nstrom M. Effects of immunosuppression by
cyclosporine A on allogenic uterine transplant
in the rat. Eur J Obstet Gynecol Reprod Biol
2012; 163: 97-103.

[8] JiangK, He B, Lai L, Chen Q, Liu Y, Guo Q, Wang
Q. Cyclosporine A inhibits breast cancer cell
growth by downregulating the expression of py-

Int J Clin Exp Med 2013;6(5):404-412



[9]

[10]

(11]

[12]

[13]

412

Expressional time phase of leukocyte molecules in vitro model

ruvate kinase subtype M2. Int J Mol Med 2012;
30: 302-308.

Li XD, Zou X. Influence of cyclosporine A on the
mRNA and protein expression of major histo-
compatibility complexes | and Il: experiment
with rabbits. Zhonghua Yi Xue Za Zhi 2007; 87:
2564-2566.

Chirathaworn C, Koh Imeier JE, Tibbetts SA,
Rumsey LM, Chan MA, Benedict SH. Stimula-
tion through intercellular adhesion molecule-1
provides a second signa | for T cell activation. J
Immunol 2002; 168: 5530-5537.
Kohlmeier JE, Chan MA, Benedict SH. Costimu-
lation of naive human CD4+ T cells through
intercellular adhesion molecule-1 promotes
differentiation to a memory phenotype that is
not strictly the result o f multiple rounds of cell
division. Immunology 2006; 118: 549-558.
Lee B, Oh CK, Kim MS, Kim JH, Kim SJ, Kim
HS, Shin GT. Cytokine gene expression in pe-
ripheral blood mononuclear cells during acute
renal allograft rejection. Transplant Proc 2012;
44: 236-240.

Salmond RJ, Filby A, Qureshi |, Caserta S, Zam-
oyska R. T-cell receptor proximal signaling via
the Src-family kinases, Lck and Fyn, influences
T-cell activation, differentiation, and tolerance.
Immunol Rev 2009; 228: 9-22.

(14]

(15]

[16]

Hama N, Yanagisawa Y, Dono K, Kobayashi S,
Marubashi S, Nagano H, Umeshita K, Wata-
nabe S, Uchiyama Y, Monden M. Gene expres-
sion profiling of acute cellular rejection in rat
liver transplantation using DNA microarrays.
Liver Transpl 2009; 15: 509-521.

Hoerning A, Kdhler S, Jun C, Lu J, Fu J, Tebbe B,
Dolff S, Feldkamp T, Kribben A, Hoyer PF, Witz-
ke 0. Cyclosporin but not everolimus inhibits
chemokine receptor expression on CD4(+) T
cell subsets circulating in the peripheral blood
of renal transplant recipients. Clin Exp Immu-
nol 2012; 168: 251-259.

Archer TM, Fellman CL, Stokes JV, Pinchuk LM,
Lunsford KV, Pruett SB, Langston VC, Mackin
AJ. Pharmacodynamic monitoring of canine T-
cell cytokine responses to oral cyclosporine. J
Vet Intern Med 2011; 25: 1391-1397.

Int J Clin Exp Med 2013;6(5):404-412



