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Abstract
Background: Decline immune function is well documented after spaceflights. Microgravity is one
of the key factors directly suppressing the function of immune system. Though T cell immune
response was inhibited by microgravity, it is not clearly whether activation would be inhibited after
a pre-exposure of microgravity on T lymphocytes at the resting state. Methods: We herein investigated the response ability of resting CD4+ and CD8+ T cells experiencing pre-exposure of
modeled microgravity (MMg) for 0, 8, 16 and 24 hrs to concanavalin A (ConA) stimulation. The
phenotypes and subsets of immune cells were determined by flow cytometry. Results: Both CD4+
and CD8+ T cells with an MMg pre-exposure exhibited decreased expressions of activation-markers including CD25, CD69 and CD71, inflammatory cytokine secretion and cell proliferation in response to ConA compared with T cells with 1g controls in an MMg exposure timedependent manner. Moreover, short term MMg treatment caused more severe decreased proliferation in CD4+ T cells than in CD8+ T cells. Conclusions: MMg can directly impact on resting
T cell subsets. CD4+ T cells were more sensitive to the microgravity inhibition than CD8+ T cells
in respect of cell proliferation. These results offered new insights for the MMg-caused T cell
functional defects.
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INTRODUCTION
It is well documented that astronauts experience
a decline in immune system function during or after
short spaceflights, which will potentially increase the
risk of infection greatly 1-3. Data from astronauts and
rodents flown in space have shown that distribution
of immune cell subsets changed, and peripheral
lymphocyte numbers were decreased and immune
cells showed poor responsive to mitogenic lectins 4-7.
Clearly, long term space travel creates a challenge of
preventing and controlling infections 3. In addition to
cosmic radiation and physiologic stress, microgravity
has been reported to play an important role in the
immune function compromise 8-10. There is a critical
need for a better understanding of consequences of

immune dysfunction inherent to the microgravity
environment in the space.
T cell activation plays an important role in various humoral and cellular immune responses. T cells
isolated from space-flown astronauts and animals
exhibited decreased proliferation, cytokine secretion
and activation-marker expression in response to TCR
agonists 4,7,11. However, these experiments could not
rule out whether these alterations in T cells were
caused by microgravity, cosmic radiation and physiologic stress or even the indirect impacts of the body
microenvironments during spaceflight. In the past
years, the inhibiting effects of microgravity on T cell
activation were analyzed by in vitro experiments
http://www.medsci.org
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performed during spaceflight compared to a 1g
in-flight centrifuge control or in a rotating clinostat or
a rotating-wall vessel (RWV) bioreactor on the
ground, under conditions similar to the effects occurring in microgravity 10,12. In most of these experiments, T cells were activated by mitogenic stimuli and
exposed to microgravity at the same time. The effects
of microgravity on resting T cells have not been determined so far. Moreover, the human T cell compartment is comprised of phenotypically and functionally distinctive CD4+ T helper and CD8+ cytotoxic
T cell subsets. Whether these distinct T cell subsets
own different sensitivity to microgravity is unclear.
In the current study, we addressed these issues
using a rotary bioreactor system. The survival and
immune response ability of T cell subsets after
pre-exposing to modeled microgravity (MMg) for
different time periods were detected. We found that
CD4+ T cell subsets are more sensitive to the microgravity inhibition than CD8+ T cells. The concanavalin
A (ConA)-induced activation and cell proliferation of
both CD4+ and CD8+ T cells were significantly suppressed in an MMg-exposure-time dependent manner. Thus, our studies showed that microgravity
could directly impair the survival and function of
resting T cells.

MATERIALS AND METHODS
Animals
Adult male C57BL/6 (B6) mice were purchased
from the Vital River Experimental Animal Center
(Beijing, China). All animals were housed in specific-pathogen free conditions, and before experiment,
mice were allowed 1-wk to acclimate to the animal
facility after delivery from the supplier. All experimental procedures were in accordance with the Institution Guidelines for the Care and Use of Laboratory Animals.

Splenocyte isolation
Each of the experiments presented here were
performed using mouse splenocytes. Immune cells
were isolated from each spleen according to an established protocol 13. In brief: after sacrifice, mouse
spleens were aseptically removed and placed in
RPMI1640 medium (Gibco, USA ). Splenocytes were
isolated by mechanical dissociation through sterile
nylon mesh, followed by red blood cell lysis (Treated
with 17mM Tris–HCl and 140mM NH4Cl, pH 7.2).
Cells were suspended in RPMI 1640 supplemented
with L-glutamine (2mM), penicillin (100U/ml),
streptomycin (0.1mg/ml), 2-ME (5×10-5 M), and 10%
FBS.
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Rotary bioreactor system
Modeled microgravity effects were generated by
culturing cells in an in-house developed MG-I rotary
bioreactor system at 10 rpm. Within the system, a
10-ml round-pan tank for cell culture is fixed on a
steel shaft and can be driven to rotate by an electrical
motor. The rotary velocity can be regulated in the
range from 0 to 30 rpm. The tank is separated from
outside by a pair of 0.2mm thick silicone membranes
which are CO2 and O2 permeable on its right and left
sides respectively. The reactor is a 3-dimensional
suspension culture system that should be completely
filled with culture medium so that the fluid and the
vessel will rotate as a solid body to suspend cells in a
state of constant free-fall and thereby reduce the effective gravitational force experienced by the cells
(Klaus, 2001). Before the bioreactor rotating, there
should be without any bubbles in it, otherwise, the
cell activity might be impaired by a great fluid shear
force during rotating progress. In the present study,
total 3×107 cells (3×106 cells/ml×10ml) were added
into the MG-I rotary bioreactor system and cultured
in a humidified incubator at 37oC and 5% CO2 for 0h,
8h,16h and 24h (Called as the MMg group). During
the experiments, the static cultured cells in the same
vessel with the same concentration were used as control (Called as the static control group).

mAbs and chemical reagents
The following mAbs were purchased from BD
Biosciences PharMingen (San Diego, CA): anti-mCD4-FITC, anti-mCD4-PE, anti-mCD69-PE, anti-mCD95-FITC, anti-mKi67-PE, anti-mIL-2-PE and
anti-m
IFN-γ-PE.
Anti-mCD8-PE-Cy5,
anti-mCD25-PE and anti-mCD71-PE were obtained from
Ebioscience (San Diego, CA). Concanavalin A (ConA),
phorbol myristate acetate (PMA), Ionomycin, CFSE
and IL-2 were purchased from Sigma-Aldrich.

Flow cytometry (FCM)
Cells were collected and washed twice with ice
cold FACS buffer (PBS, pH 7.2, containing 0.1% NaN3
and 0.5% BSA). 5×105 cells were resuspended in 100
uL FACS buffer and blocked by anti-mouse FcR mAb
(2.4G2) followed by incubation with fluorochrome
conjugated mAbs at 4℃ for 30 minutes. Cells were
washed twice with FACS buffer and at least ten
thousand cells were assayed using a FACS Calibur
and Beckman Coulter Epics XL, and data were analyzed with CellQuest software.

T cell activation
After the rotary or stationary culture, the splenocytes were collected. The collected cells (4×105
cells/well) were cultured in flat-bottom 96-well plates
http://www.medsci.org

Int. J. Med. Sci. 2014, Vol. 11

89

with 2.5 μg/ml Con A for 24h, 48h and 72h or PMA
and Ionomycin for 6h at 37°C and 5% CO2 as described previously 7,14.

cal analysis was performed with SPSS 11.0, using either the t-test or one-way ANOVA. A p value less
than 0.05 was considered to be statistically significant.

Proliferation assay

RESULTS

1×107 cells were labeled with CFSE in the dark
for 8-9 minute incubation at 37°C and then washed
with 10ml PBS buffer. The cells were resuspended
with RPMI 1640 medium supplemented with
L-glutamine (2mM), penicillin (100 U/ml), streptomycin (0.1 mg/ml), 2-ME (5×10-5 M), and 10% FBS
and cultured in flat-bottom 96-well plates (5×105
cells/well) and activated with ConA for 48h and 72h.
To determined cell proliferation of T subsets, the cultured cell were stained with anti-mouse CD4 and CD8
antibody and analyzed by FCM 15.

Apoptosis assay
After activated by ConA for 48h and 72h, apoptosis of splenocytes was assayed by FCM using Annexin V, propidium iodide (PI) staining with gated on
CD4+ and CD8+ cells.

Intracellular levels of cytokines
The intracellular levels of the IL-2 and IFN-γ
cytokines were measured gated on CD4+ and CD8+ T
cells16. Briefly, splenocyts were stimulated by PMA
and Ionomycin for 6h in the presence of protein
transport inhibitor (containing Brefeldin A, BD, USA)
to inhibit the secretion of cytokines. Cells were then
labeled
with
anti-mCD4-FITC
and
antimCD8α-PE-Cy5 for gating on the T cell subsets. Subsequently, cells were fixed, permeabilized, and labeled with anti-mIL-2-PE or anti-mIFN-γ-PE. The
fraction of CD4+ or CD8+ T cells that synthesized the
cytokines was determined by FCM.

RNA preparation and real-time PCR assay
Total RNA was extracted RNAeasy Mini kits
(Omega) according to the manufacturer’s protocol
and was reversely transcribed into cDNA using oligo(dt) primers and reverse transcriptase enzyme
(Takara, Japan). Real-time PCR was performed with a
CFX96 real-time PCR detection system (Bio-Rad) using SYBR Premix Ex Taq (Perfect Real time) kit
(Takara) to quantitate the PCR product 17. Hypoxanthine phosphoribosyltransferase (HPRT) was used as
an internal control. Primers were used in the present
study as follows: IL-2 sense: TGAACTTGGACCTC
TGCGGCAT and antisense: AGTTATTGAGGGCTTG
TTGAGA; IFN-γ sense: GAACTGGCAAAAGGA
TGGTGA and antisense: TGTGGGTTGTTGACCTC
AAAC.

Statistical Analysis
All data are presented as the mean±SD. Statisti-

The response to ConA of CD4+ and CD8+ T
cells was inhibited after MMg pre-exposure
It was reported that some astronauts experienced infection after spaceflights because of the T
lymphocyte function decline 3. In order to address
whether microgravity exposure alone can directly
impact on resting T cell immunity, we cultured the
splenocytes firstly in a rotary bioreactor system for
16h in which the microgravity effects were modeled
18,19, and then, transferred the cells to static conditions
and stimulated with ConA. As seen in Fig.1A, the
colony formation of MMg pre-exposure T cells were
smaller than those of the control group (1g) after
ConA stimulation for 16h observed under the microscope. In parallel, the numbers of CD4+ and CD8+ T
cell subsets were also decreased about 30% after a
24h-ConA stimulation in the MMg pre-exposure
group as determined by flow cytometry (P<0.01,
Fig.1B,C). In addition, the mean fluorescence intensity
(MFI) of CD4 and CD8 molecular staining were significantly decreased compared to the 1g control
(P<0.01, Fig.1D,E), indicating that the cluster and the
polarity of these molecules were impaired during the
activation of T cells. Although T cells express only low
levels of surface molecules including CD25, CD69 and
CD71 at the resting state, these activation markers will
be rapidly up-regulated upon activation with Con A.
After a 16h static culture, 60-70% CD4+ and 70-80%
CD8+ T cells were normally induced to express these
activation markers by 24h and 48h ConA stimulation,
while only near a half of the CD4+ and CD8+ T cells,
which were pre-exposed to a 16h-MMg, were induced
to express these molecules at the same activation time
points (P<0.001, Fig.1F-G), and moreover, the MFI of
these markers were also significantly down-regulated
compared to the controls (data not shown). These
results proved that MMg pre-exposure resulted in a
decreased T cell activation at early stage, and this
suppression was not restored until 48h activation in
both CD4+ and CD8+ T cell subsets.

The proliferation response to ConA of CD4+
and CD8+ T cells were suppressed after MMg
pre-exposure
The ultimate response of splenocytes to Con A is
the proliferation of T lymphocytes 14. We analyzed the
expression of Ki67, a marker of cell division 20, in T
cell subsets after ConA activation. After 16h static
culture, almost 24% of CD4+ and 15% of CD8+ T cells
http://www.medsci.org

Int. J. Med. Sci. 2014, Vol. 11
were dividing at the 48h-activation point, while the
dividing proportions of CD4+ (12%) and CD8+ (10%) T
cells in the MMg group were significantly decreased
and only half in CD4+ cells and two-thirds in CD8+
cells of those in the static control group (P<0.01, Fig.
2A,B). These results suggested that MMg
pre-exposure suppressed the proliferation of T cells
and the suppression on CD4+ T cells was more obvious compared with CD8+ T cells. This conclusion was
supported by analysis of CFSE labeling cells during a
3-day continuous ConA activation. Within either
CD4+ or CD8+ populations, almost 30% had prolifer-
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ated during the previous 48h activation in the MMg
group, which was significantly lower than that in the
static control group in which about 40% cells had
proliferated (P<0.001, Fig. 2C-D). Until 72h, although
proliferation of CD4+ and CD8+ cells in both groups
was increased, the proportion of proliferated T cells in
the MMg group were still lower than that in the static
control (P<0.01, Fig. 2C-D). Taken together, these data
indicate that T cells with an MMg pre-exposure at
resting stage had decreased proliferation ability in the
following activation.

Figure 1 The response of T cell subsets to ConA after MMg pre-exposure. The mouse splenocytes were cultured in a rotary bioreactor system
for 16h in which the modeled microgravity effects were generated (a static culture system were used as control), and then, the cells were transferred to
the static conditions with 2.5 μg/ml ConA supplying. A) Microscopic appearance of splenocyte colonies after a 16h-ConA simulation. The arrows show the
cell colonies. Bars=100μm. The Percentages (B), and numbers (C) of CD4+ and CD8+ T cells were analized by FCM after a 24h-ConA simulation. The
FACS profile analysis (D) for CD4 and CD8 staining after a 24h-ConA simulation, and the corresponding statistical results of mean fluorescence intensity
(MFI) (E) were shown. F) Phenotypically characterization of CD25, CD69 and CD71 in gated on CD4+ and CD8+ T cells was evaluated after 24h activation.
G) The frequencies of CD4+ and CD8+ T cell subsets positive for activation markers (CD25, CD69 and CD71) after 24h and 48h ConA simulation were
summarized. Data represented as means±SD. ** p<0.01, and *** p<0.001compared with the static control group (1g).
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Figure 2 The proliferation of T cell subsets in response to ConA after 16h-MMg pre-exposure. After 16h-MMg pre-exposure, the splenocytes
were activated with ConA at a static conditions and the proliferation of T cell subsets was assayed. A) The FACS profile analysis of Ki67+ cells gated on
CD4+ and CD8+ T cells after ConA stimulation for 48h was shown. B) The proportion of CD4+ and CD8+ T cells positive for Ki67 after ConA stimulation
for 48h were summarized. The original flow cytometry histograms (C) and statistical summary representative of the proliferation percentages (D) of CD4+
and CD8+ T cells were shown. B6 splenocytes were labeled with CFSE and then cultured with ConA for 48 and 72h respectively, the cell division was
determined by FCM. Data represented as means±SD. *, p<0.05, **, p<0.01 and ***, p<0.001compared with the static control group (1g).

The MMg inhibited resting CD4+ and CD8+ T
cells in an exposure time dependent manner
In order to further understand whether the
MMg-inhibition on CD4+ and CD8+ T cell activation
was associated with the MMg pre-exposure time, we
cultured the splenocytes in a rotary culture condition
for 0, 8, 16 and 24h. Next, these cells were activated
under the static condition by ConA for 24h. Firstly, we
determined the expressions of the activation markers
by FCM. The proportions of cells positive for activation markers like CD25, CD69 and CD71 in CD4+ and
CD8+ T cells after only 8h MMg pre-exposure were
nearly 50% lower than those in the synchronous static
control (p<0.001, Fig. 3A,B), and this trend was also
observed after 16h and 24h MMg pre-exposure (Fig.
3A,B). Moreover, this reduction of the activation
marker expression was in an MMg pre-exposure
time-dependent manner, especially in the expression
of CD25 and CD69 (Fig.3B). It was noted that in 24h
MMg pre-exposure group, both CD4+ and CD8+ T
cells were nearly failure to express CD69, which is
consistent with the previous reports showing that
surface CD69 only expressed in the early activation
stage of T cells (Fig. 3A,B).
The proliferation of CD4+ and CD8+ T cells

stimulated with ConA for 72h was next examined
after different MMg pre-exposure time periods (0, 8,
16 and 24h). Before activation, cells were labeled by
CFSE, and after 72h activation, the proportion of the
proliferating cells in both two T cell subsets was analyzed by FCM. The MMg-inhibition on CD4+ and
CD8+ T cell proliferation was also in an MMg
pre-exposure time dependent manner as the same
trend observed in the activation marker expression
(P<0.01, Fig. 3C,D). Importantly, the proliferation of
CD4+ T cells was suppressed as short as 8h MMg
pre-exposure, while the MMg suppression on CD8+ T
cell proliferation happened until 16h pre-exposure
(P<0.05, Fig. 3C-D). These results suggested that CD4+
T cells were more sensitive to MMg inhibition than
CD8+ T cells.

MMg pre-exposure decreased the cytokine
production of CD4+ and CD8+ T cells in
response to ConA
Cytokines secreted from T cells are important for
the proliferative response of T cells to stimuli 7. To
further explore the capability to produce cytokines of
activated CD4+ and CD8+ T cells that experienced
MMg pre-exposure, we investigated IL-2 and IFN-γ
productions in splenocytes activated with ConA or
http://www.medsci.org
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PMA plus Ionomycin after 16h MMg pre-exposure.
As shown in Fig. 4A, MMg pre-exposure significantly
inhibited mRNA expression of IL-2 and IFN-γ in
splenocytes after 24h-ConA or 6h-PMA/Ionomycin
stimulation as determined by Real-time PCR assays
(p<0.05). In line with this result, the protein level expressions of IL-2 and IFN-γ in T cells were also inhibited during PMA/Ionomycin stimulating process after MMg pre-exposure as determined by intracellular
staining FCM (P<0.05, Fig. 4B-C). The proportion of
CD8+ T cells positive for IFN-γ were markedly decreased compared with the static control cells, which
was much more obviously diminished than that in
CD4+ T cells. The same trend of IL-2 expression was
observed in CD4+ T cells after MMg pre-exposure
while that in CD8+ T cells was unchanged.
IL-2 is a key growth cytokine in the activation
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process of T cells 21. The interaction of IL-2 with its
high-affinity receptor (CD25) on the T cells was a very
important step toward proliferation and survival 22.
Because the production of IL-2 was inhibited after
MMg pre-exposure, we added exogenous recombinant IL-2 into the ConA-activation culture system to
attempt to rescue the poor proliferation of T cells
caused by MMg. After 72h stimulation, the proportion
of the proliferating cells in CFSE-labeling CD4+ and
CD8+ subsets was examined by FCM. IL-2, as high as
100 U/ml, could not significantly restore the proliferation of the MMg pre-exposed T cells to the control
values (p<0.05, Fig. 4D-E). These results suggested
that the down-regulated expression of CD25 and the
decreased IL-2 production cooperatively contributed
to the MMg-inhibited T cell proliferation.

Figure 3 The responses of T cell subsets to ConA after different MMg pre-exposure time. After 0h, 8h, 16h and 24h MMg pre-exposure, the
splenocytes were transferred to a static culture condition and stimulated by ConA for 24h and 72h respectively. A) Mean fluorescence intensity (MFI) for
CD25, CD69 and CD71 staining was shown gated on CD4+ and CD8+ T cells respectively. B) Percentages of cells positive for CD25, CD69 and CD71 in
CD4+ and CD8+ T cell populations after a 24h-ConA stimulation. C) The FACS profile analysis of proliferation of CD4+ and CD8+ T cells after a 72h-ConA
stimulation was shown. D) The proportional changes of proliferated CD4+ and CD8+ T cells after a 72h-ConA stimulation. Data were represented as
means±SD. *, p<0.05, **, p<0.01 and ***, p<0.001compared with the static control group (1g).
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Figure 4 The cytokine production of T cell subsets and the IL-2 effect on their proliferation in response to ConA after MMg
pre-exposure. After 16h-MMg pre-exposure, the splenocytes were activated with ConA at a static conditions or PMA plus Ionomycin, and then IL-2 and
IFN-γ productions were investigated. A) IL-2 and IFN-γ mRNA expressions of splenocytes were evaluated after 24h-ConA or 6h-PMA/Ionomycin stimulation determined by Real-time PCR assays. B) The FACS profile analysis of IL-2 and IFN-γ intracellular staining gated on CD4+ and CD8+ T cells was
shown. C) The percentages of T cell subsets positive for IL-2 and IFN-γ after 6h-PMA/Ionomycin stimulation were summarized. The FACS profile analysis
(D) and the proportional changes of proliferation of CD4+ and CD8+ T cells (E) after a 72h-ConA stimulation with or without IL-2 supplying were shown.
Data were represented as means±SD. *, p<0.05, **, p<0.01 and ***, p<0.001compared with the static control group (1g).

The effects of MMg pre-exposure on the
apoptosis of CD4+ and CD8+T cells
After initial stimulation with stimuli, activated T
lymphocytes become sensitive to apoptosis 23,24. This
is a self-regulatory loop to help prevent excessive T
cell accumulation and associated immunopathology
23,25. In order to access the effect of MMg pre-exposure
on this destined death, we used Annexin V/PI staining FCM assay to examine the apoptosis of
ConA-activated CD4+ and CD8+ T cells that experienced MMg pre-exposure. As shown in Fig. 5, in contrast to the static control cells, the proportion of Annexin V binding cells (Apoptotic cells) in
MMg-pre-exposed CD4+ and CD8+ T subsets was not
changed in response to a 48h-ConA activation
(p>0.05). Whereas, within these Annexin V+ cells, the
percentages of early apoptotic cells (Annexin V+ and
PI-) were significantly lower in both CD4+ and CD8+ T
populations compared with the static control cells at
this time point (p<0.01, Fig.5 A-B). On the other hand,
the percentages of late apoptotic cells (Annexin V+

and PI+) in T cells with an MMg pre-exposure were
higher than that in the control cells (p<0.05, Fig.5
A-B). Likewise, the same trend was also seen after
72h-ConA activation (data not shown), whereas there
were no differences in the proportions of both early
and late apoptotic cells between the MMg-exposed
group and the static control after 24h-ConA activation
(data not shown). Thus, MMg experience could make
T cell subsets into apoptotic stage earlier and faster
during activation process compared with the static
control culture. Fas/FasL pathway is one of main
pathway mediating lymphocyte apoptosis 26. In present study, the proportion of MMg-pre-exposed CD8+
but not CD4+ T cells positive for Fas (CD95) expression was slightly but significantly higher than that of
static-experienced cells after ConA stimulation for 48h
as well as 24h (p<0.01, Fig. 5C,D and data not shown).
This indicated that Fas/FasL pathway might be one of
the pathways involved in the enhanced apoptosis of T
cell subsets after MMg pre-exposure.
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Figure 5 The apoptosis and CD95 expression of MMg pre-exposed T cell subsets in response to ConA were changed. The FACS profile
analysis (A) and the proportions of cell apoptosis (B) in gated on CD4+ and CD8+ cells after ConA stimulation for 48 hrs were shown. Mean fluorescence
intensity (MFI) (C) and percentages of cells positive for CD95 staining in both CD4+ and CD8+ T cells (D) were summarized. Data were represented as
means±SD. *, p<0.05, and **, p<0.01compared with the static control group (1g).

DISCUSSION
In the present study, we showed that MMg could
directly impact resting T cell sunsets in multiple respects including proliferation and inflammatory cytokine production by using a rotary bioreactor system
on the ground. In past years, experiments from both
flight and ground based model systems clearly indicate that T lymphocytes fail to be activated in response to mitogenic stimuli in clinorotation/RWV
bioreactor and in real microgravity culture 10,12,14,27.
However, most activation experiments were conducted just within microgravity culture system from
the beginning. In other words, T cells experienced
activation and microgravity exposure at the same
time. It has been well known that the peripheral T
cells are maintained in a resting state and consisted
with naïve T cells mostly under normal conditions 28.
It is unknown whether a pre-exposure of microgravity
on T cells at the resting state will alter their following-up activation. We found for first time that the
MMg pre-exposed T cells at the resting state were
failure to fully response to the sequent stimuli. The
expression of activation markers were inhibited at a

large degree on the plasma membrane, including the
early activation molecules CD69 and CD25 and the
late activation molecules CD71. The frequency of
these markers in our study was about as low as a half
of the synchronous static control cells in both CD4+
and CD8+ T populations after 24h of activation and
was not recovered until 48h stimulation. In addition
to activation marker expression, the process of the
division and proliferation of CD4+ and CD8+ T cells
was significantly slowed down and inhibited by MMg
pre-exposure. It was noteworthy, moreover, that the
inhibition of MMg pre-exposure on the expression of
the activation markers and the cell proliferation in T
cell activation was in an exposure-time dependent
manner. These findings indicated that the resting T
cells could not achieve a full activation after an MMg
pre-exposure. The rotary cell culture system (the rotary bioreactors) used here is just a model system for
mimicking some biological effect of microgravity,
which is the best available for studying the effects of
microgravity on cells.10,18,29. Nevertheless, it is worthy
to be noted whether these findings are consistent with
those in the real microgravity needs to be demonstrated.
http://www.medsci.org
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We proposed that the low level expression of the
activation markers was, at least in part, responsible
for the reduction of the cell proliferation during T cell
activation after MMg pre-exposure since these activation markers participate in cell proliferation and correlate with the degree of immune activation 30. Additionally, the expressions of the activation markers
were inhibited in an MMg exposure time-dependent
manner as the same trend of cell proliferation. The
low expression of CD25 and CD69 expressions in our
results indicated that the activation of both T cell
subsets was inhibited by the MMg pre-exposure before the entry of cell cycle, which was in line with the
previous reports supported by MMg synchronous
exposure with activation 10,31. It was reported that
CD69 was a type II membrane protein with a calcium
dependent lectin domain in the extracytoplasmic region, and interaction with its ligand may triggered the
activation and proliferation of T cells 32-34. Thus, the
low expression of CD69 might, at least in partially,
responsible for the decreased proliferation of T cell
subsets through reducing the interaction with its ligand after MMg pre-exposure.
CD25 as an activation marker during early T cell
activation is the high-affinity receptor of IL-2 14,35.
CD25 expression is required gene transcription after
TCR stimulation and the low expression of CD25 will
reduce the response of the activated T cell to IL-2 22. In
our study, both CD25 and IL-2 expressions were all
markedly decrease in CD4+ and CD8+ T cell populations during the process of activation after MMg
pre-exposure, suggesting that MMg pre-incubation
suppressed the activation and proliferation of the two
T cell populations partially by inhibiting the CD25
and IL-2 expression. Additionally, the exogenous IL-2
rescue experiment further indicated that the reduction
of CD25 expression played an important role on the
MMg pre-exposure dependent decline of cell proliferation as well. On the other hand, since exogenous
IL-2 did not fully rescue the decreased proliferation of
T cells up to the values of the static control cells. CD71
as a late activation marker usually named as membrane glycoprotein transferrin receptor (TfR) that is
up-regulated as a mechanism to meet the increased
iron demands associated with increased metabolism
of activated T cells, and meanwhile to act as a housekeeping receptor that binds iron-loaded transferrin at
cell surface and trigger internalization 36,37. Moreover,
the newest study demonstrated that CD71 was identified as a novel IKK-binding partner and involved in
IKK–NF-κB signaling pathway that exerted transcriptional control over a large number of genes significantly induced during T cell activation 38,39. In the
absence of TfR1, NF-κB does not translocate to the
nucleus efficiently, resulting in a binding reduction to
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target gene promoters and consequently less target
gene activation 38. Recent studies have showed that
NF-κB pathway could be inhibited by microgravity
exposure 39,40. In the present study, the expression of
CD71 in T cell activation was down-regulated to a
very low level even after an 8h-MMg pre-exposure,
and cytokine production controlled mostly by NF-κB
pathway were also inhibited by MMg pre-exposure,
suggesting that the inhibition of microgravity on
NF-κB pathway might be associated with the
low-level expression of CD71.
It has been demonstrated that the activation of T
cells involves the rearrangement of cell membrane
fluctuations relevant to the actin and microtubules
cytoskeleton remodeling 41. Recent studies have illustrated that T cells can functionally polarize their some
cell surface receptors clustering toward antigen-presenting
cells
(APCs)
to
facilitate
TCR/CD3-mediated signaling and T cell activation
42-44. Although the distribution of CD4 and CD8 molecules on resting T cell was random without forming
polarity on cell-membrane fluctuations, once T cells
were activated, these molecules were clustered to
form nano-domains co-localized with TCR/CD3
nano-domains and polarized predominantly in the
peak of the cell-membrane fluctuations resulting in
the molecule density increasing 43,44. In our study, we
found that the MFI of CD4 and CD8 molecule on activated T cells were significantly lower after MMg
pre-exposure than that in the static control, suggesting
that the rearrangement of cell membrane fluctuations
during T cell activation was inhibited by the MMg
pre-exposure of resting T cells. In addition, the rearrangement of the activated T cell membrane fluctuation can also induce the expression for some cell surface molecules such as CD69 and CD71. The recent
study has showed that during activation, most CD69
molecules were clustered and polarized in the peak of
the cell-membrane fluctuations served as transient
platforms driving TCR/CD3-induced signaling,
whereas CD71 molecules mainly distributing in the
membrane-valley fluctuations appeared to facilitate
iron uptake and maintain full T cell activation 44. In
present study, the low expressions of CD69 and CD71
may be related to the reduction of the rearrangement
of cell membrane fluctuations in the MMg
pre-exposed T cells compared with the static control
during activation. Therefore, the proliferation of T
cells might be affected indirectly by the changes of the
rearrangement of cell membrane fluctuations in the
MMg pre-exposed T cells.
Additionally, MMg pre-exposure made T cell
subsets into apoptotic stage earlier and faster during
activation compared with the static control. It was
reported that CD71 was related to cell apoptosis, inhttp://www.medsci.org
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dicating that the increased susceptibility of T cells to
activation-linked apoptosis after MMg pre-exposure
might be a result of low expression of CD71 38. On the
other hand, CD95 expression on T cells was
up-regulated by pre-exposure to MMg. It is known
that CD95 pathway could mediate activation-induced
cell death in T cells 23,25. Thus, up-regulated CD95
expression on T cells by pre-exposure to MMg might
also contribute to the increased cell death.
In summary, the function of T cells in response to
stimuli could be inhibited if the T cells experienced an
MMg pre-exposure at the resting state. The MMg
pre-exposure significantly inhibited the expressions of
activation markers including CD25, CD69 and CD71
on CD4+ and CD8+ T cells and T cell proliferation
ability as well as increased cell death of activated T
cells in a time-dependent manner. CD4+T cells were
more sensitive to MMg pre-expose than CD8+ T cells.
The direct effects of MMg exposure on T cell subsets
may help us to understand the decreased anti-infection immunity of individuals experiencing
space flight and offered new cell targets for us to
prevent MMg-reduced immunity in the future.
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