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ABSTRACT 
 
Background: The human leukocyte antigen (HLA) matching between organ donor and 
recipient is an acceptable strategy in clinical transplantation since 1964. However, in 
bone marrow transplantation, finding matched donors is often problematic. Thus new 
method for down regulation of HLA can be an alternative strategy to solve this problem. 
Objective: To examine the effect of serum starvation on HLA class I expression in 
human peripheral blood mononuclear cells (PBMCs). Methods: PBMCs were cultured 
in RPMI-1640 supplemented with 10% FBS (non-starved cells) as well as in medium 
only (starved cells) for 16, 24, 48, 72, 96h under standard cell culture conditions. The 
pattern of cell death and HLA class I expression was determined by flowcytometry. 
Antigenicity of the starved PBMCs was evaluated in a one-way mixed lymphocyte 
culture by MTT assay. Results: Mean fluorescence intensity (MFI) of different 
indicated starved PBMCs gradually decreased and this reduction was stable after 96h of 
re-feeding with medium containing FBS. Under serum starvation condition, PBMCs 
showed apoptotic cell death pattern. There was a linear correlation between percentages 
of cells, which exhibited the late apoptosis death pattern and serum starvation period 
(r=0.88, p<0.01). Surprisingly, the starved PBMCs lost their stimulatory property in 
mixed culture with allo-reactive lymphocyte. Conclusions: Membrane HLA class I 
expression could be stably reduced in 96h starved human PBMCs culture condition, 
decreasing their allo-reactivity while their viability rate is enough for possible clinical 
application. 
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INTRODUCTION 
 
Lymphocytes may encounter some harsh pathological condition like wound (1,2), pus, 
atheroma (3) and tumors (4,5), where due to blood circulation shortage which is 
prevailed in such conditions, the occurrence of hypoxia and growth factors insufficiency 
are plausible (6). Thus the study of lymphocyte behavior in a growth factor deprived 
condition can be considered as an experimental model to speculate the behavior of 
lymphocytes in the above-mentioned pathological situations. The biometrical data 
originated from such studies would form a reliable basis to design some new drugs to 
regulate the function of immune cells, which have pivotal roles in harsh conditions. 
Moreover, there are adequate evidence indicating that some intracellular nucleic acid 
sensors, such as nucleotide-binding oligomerization domain receptor C5(NLRC5), sense 
cellular stress which in turn are able to regulate the human leukocyte antigen class I 
(HLA class I) expression in lymphocytes (7-11). Additionally, Interferones (IFNs), the 
ubiquitously expressed proteins, are also able to up-regulate these antigens (12,13). We 
recently showed that under serum free cell culture conditions the human dermal 
fibroblasts up-regulated the IFN-β and HLA class I molecules at a significant level. 
HLA class I molecules play some important roles in the immune response against 
different viruses as well as a variety of cancerous cells (14-16). These molecules also 
are the major obstacles in different tissue and organs transplantations due to their potent 
immunogenicity (17). Therefore, the exploration of strategies that can modify HLA 
class I expression based on the different clinical needs would be helpful in the treatment 
of autoimmune diseases, cancer and virus derived infectious disease or overcoming the 
mismatched HLA barrier in clinical transplantation. 
Fetal calf/bovine serum (FCS or FBS) as a supplier of different growth factors is a vital 
component in different mammalian cell culture systems (18). It is well known that in 
absence of serum (serum starvation) the cells execute apoptotic cell death (19). The 
lesson we have already learned from starved human fibroblasts. However, our 
preliminary data on the effect of serum starvation on human peripheral blood 
mononuclear cells showed that a remarkable proportion of lymphocytes resisted to the 
serum starvation induced cell death while the expression of HLA class I molecule was 
stably decreased at a significant level.  
 
 
MATERIALS AND METHODS 
 
Isolation of Human Peripheral Blood Mononuclear Cells (PBMCs). Ten mL of 
whole blood was collected in a heparinized tube under sterile condition from each of the 
six healthy volunteers (three women and three men, age: 20-27). We obtained the 
written informed consent from blood donor individuals. Ethics committee of Babol 
University of Medical Sciences approved this research proposal. The blood specimens 
were diluted with the same volume of Hanks balance salt solution (HBSS) [GE. 
healthcare, PAA]. PBMCs were isolated by Ficoll-Paque gradient centrifugation method 
[Amersham, UK] and viability of the cells was determined by trypan blue dye exclusion 
staining.  
Cell Culture and Serum Starvation/re-Feeding Protocols. 8×105 of isolated PBMCs 
were cultured in duplicates in RPMI-1640 [GE. healthcare, PAA] supplemented by 10% 
FBS [Gibco, Carlsbad, CA] and penicillin (100 units/mL), streptomycin (100 µg/mL), 
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as non-starved control. The same number of the cells was cultured as duplicates in 
medium only (starved cells) for 16, 24, 48, 72, 96h at 37°C in humidified, 5% CO2, 
95% air atmosphere. The cultivation was performed in 12-wel1 flat-bottomed cell 
culture plates. After indicated incubation time, cells were counted by a neobar slide and 
HLA class I expression was measured by flowcytometry. Another series of the above-
mentioned starved cells were re-fed with complete medium for four days under standard 
cell culture conditions in parallel with non-starved cells, then the HLA class I 
expression was measured by flowcytometric analysis [Partec, Germany]. 
Annexin V/Propidium Iodide Staining. According to the instruction of Annexin V-
FITC Apoptosis Detection Kit [Biovision USA], 2×105 of cultured cells were collected 
and then washed with cold PBS. The cells were re-suspended in 1X binding buffer and 
subsequently the same amount of Annexin V-FITC and propidium iodide dye were 
added and the cell contained tubes were incubated for 5 minutes at room temperature. 
After this time, the viability of the cells was analyzed by flowcytometry [Partec, 
Germany].  
Analysis of HLA Class I Expression. Almost 3×105 cells were fixed with 4% 
paraformaldehyde and were incubated for 15 minute at room temperature. After 
washing the cells with cold phosphate buffered saline (PBS) containing 10% FBS, the 
blocking buffer which was included in cold PBS, 10% bovine serum albumin, and 0.3 
M Glycine was added and tubes were incubated for 30 minutes at room temperature. 
Then the cells were stained with mouse anti-HLA class I- FITC conjugated monoclonal 
antibody [Abcam, ab20313]. After 30 minutes, the expression of these molecules was 
analyzed by flowcytometry [Partec Germany]. 
Allogenic Mixed Lymphocyte Culture. To determine the response of allogeneic 
lymphocyte to starved PBMCs, one way mixed lymphocyte reaction was performed by 
mixing 105 responder cells prepared from two individuals (average age: 24-26) with 
5×104 starved PBMCs (triplicate wells)as stimulator cells which have already been 
inactivated by Cobalt-60 Gama radiation (Theratone780, Canada) at a dose rate of 1.54 
Gy/min with a source surface distance (SSD) of 80 cm and fixed field size of 10×10 
cm2 at room temperature (3000 rad) according to the method described, previously (21). 
The same number of lymphocytes (triplicate wells) were cultured in medium only and 
stimulated with phytohemagglutinin-A (PHA) as background and positive controls 
respectively, also the irradiated starved and non-starved lymphocytes were stimulated 
with PHA to check the effect of irradiation on proliferation rate of stimulator cells. All 
cells were cultured in 200µl RPMI-1640 containing 10% FBS, penicillin (100 
units/mL), streptomycin (100 µg/mL) in 96-wel1 flat-bottomed plates for 4 days and 
then the stimulation indices were measured by MTT assay as already described 
(Mosmann, 1983). SI (Stimulation Index) was calculated by the following formula:  
 

 
 

Statistical Analysis. Statistical analysis was performed by repeated measures ANOVA, 
Independent-sample t-test and Pearson Bivariate Correlation test using SPSS version 
16.0 software. Graphs were drawn by Microsoft Excel and SPSS software. P values less 
than 0.05 were considered statistically significant. 
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RESULTS AND DISCUSSION 
 
We recently observed that serum starvation up-regulates in-vitro HLA class I expression 
in human newborn skin fibroblasts [unpublished data].  
 
 

 

Figure 1. Scatter plots and quadrants of Annexin V/Propidium iodide staining as representative of 
three  independent  samples. PBMCs were cultured in RPMI-1640 + FBS 10% for 96h as non-
starved control (a) as well as in medium only for 16, 24, 48, 72, 96h (respectively b-f), then cells 
were stained with Annexin/PI and viability and death pattern were determined with flowcytometry. 

 
 
Because of a common derived embryonic mesodermal layer and also a close cross-talk 
between these cells with lymphocyte we decided to investigate the serum starvation 
effect on in-vitro expression of this antigen in lymphocyte.  
Surprisingly we obtained an inverse result in comparison with our fibroblast study, i.e. 
the expression of HLA class-I was down-regulated by serum starvation while a 
remarkable percentage of lymphocytes were alive (Figure 1). As it can be seen in 
Figures 2 and 3, the percentage of live cells gradually decreased while the percentage of 
apoptotic cell increased during serum starvation. 
As a representative of the six independent PBMCs specimens, Figure 4 illustrates the 
MFI histogram of non-starved and 96h starved PBMCs. Mean fluorescence intensity 
(MFI), as well as the number of HLA class I positive cells of different indicated starved 
PBMCs gradually decreased (Figure 5). 
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Figure 2. The percentage of Live/dead cells with different death pattern after culturing in 
indicated period of serum starvation condition. The live cell number significantly decreased 
after 24h (p<0.05). The percentage of the cells with early pattern of apoptosis cell death, 
reached its maximum level after 48h of culturing under serum starvation condition. However this 
increasing was not statistically significant when compared with non-starved control. The 
percentage of the cells which showed the late pattern of apoptosis cell death, gradually 
increased following the starvation periods and reach its maximum level after 72h which had  a 
significant difference when we compared it with non-starved control (p<0.05). The low number 
of starved cells (1-2%) showed a necrosis pattern of cell death with no significant difference with 
non-starved control. 
 
 

 
Figure 3. The linear correlation between time of serum starvation and live or late apoptotic 
cell percentages. There was an inverse correlation between time of serum starvation and live 
cells percentage and strong positive correlation between time of serum starvation and percentage 
of late apoptosis cell death (r=-0.64, p<0.05 and r=0.88, p<0.01, respectively).  
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Figure 4. Flowcytometric representative histogram of six samples (two independent 
experiment, n=3). It shows that serum starvation down regulated the HLA class-I expression in 
PBMCs. 
 
 
Even in comparison with non-starved control cells, almost 17% of the 96h starved cells 
failed to express a detectable level of HLA class 1 molecule on their surface and more 
than 20% of the PBMCs were negative for this antigen in comparison with fresh blood 
isolated PBMCs (data not shown). Interestingly, there was a strong inverse correlation 
(r=-0.91, p=0.009) between time of starvation and HLA class I expression on PBMCs 
(Figure 5B). 
 
 

 
Figure 5. Flowcytometric analysis of HLA class-I surface expression. (A) The percentage 
of HLA class-I positive cells tended to decrease with serum starvation period and after 96h it 
reached a significant level statistically in comparison to non-starved control. *p<0.05. (B) There 
was a strong negative correlation (r=-0.91, p=0.009) between time of starvation and HLA class-I 
expression on PBMCs surface. 
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To evaluate the possibility of return to normal expression of HLA class I molecule after 
growth factors became available again, we continued the starved PBMCs culturing in 
RPMI-1640 supplemented with FBS 10% for 96h (re-feeding) and analyzed the HLA 
class I molecule expression by flowcytometry. Interestingly, as it is shown in Figure 6, 
down-regulation of HLA class I was stable after 96h of re-feeding with FBS and even 
the expression of this antigen underwent further decrease with the most significant 
difference in 48h starved PBMCs (p<0.001). 
 
 

 

 
 
Figure 6. Flowcytometric analysis of HLA class-I surface expression on PBMCs after 
starvation and re-feeding. (A) This antigen expression significantly diminished in 48h, 72h 
and 96h starved PBMCs in comparison to non-starved control. (B) 96h after re-feeding, the 
starved cells were not able to return to normal HLA class-I expression even the trend of 
decrement in HLA class-I expression continues to further lower levels significantly when we 
compared them with their related starved cells 
 
 
 

To examine the applicability of the culture of immune cells in serum free condition for 
bone marrow transplantation we did the one way mixed lymphocyte culture method in 
which different indicated time points of serum starved PBMCs were used as stimulator 
cells. As it can be seen in Figure 7, all stimulator cells exhibited a stimulation index (SI) 
lower than 2 while for non-starved PBMCs and PHA (positive control) this value was 
2.06 and 2.43, respectively. Interestingly, the SI value for 96h starved PBMCs was 0.98.  
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Figure 7. One way mixed lymphocyte culture with starved peripheral blood mononuclear 
cells (PBMCs). PBMCs were cultured under normal as non-starved control and serum 
starvation condition for different time points and then these cells were inactivated by gamma 
radiation with cobalt 60 source for 32 min. The fresh isolated lymphocyte from two volunteers 
were co-cultured with these cells as well as with phytohemagglutinin-A (PHA) as positive control 
and without stimulation as background in 96-well cell culture plate for 96h under standard 
condition for animal cell culture. The stimulation indicia were obtained for each time point and 
positive control by dividing of OD (optical density) of stimulated samples to their background 
and compared to non-starved control. The allo-lymphocyte stimulatory activity of PBMCs was 
significantly diminished in 24h, 48 and 96h starved cells, but not in 16h and 72h starved 
PBMCs. PHA was able to stimulate the non-starved PBMCs. 
** p<0.01 and ***p<0.001 
 
 
It means that these cells were not able to stimulate the allo-reactive lymphocytes at all. 
To our knowledge there are a few previous studies that investigated the effect of serum 
starvation on lymphocyte viability or on HLA molecule expression. In attempting to 
optimize the lymphocyte cell culture for karyotyping test, Wolff et al. reported that 
cultured lymphocytes in a medium without fetal calf serum and antibiotic show faster 
proliferation rate (22). Although it is well known that the HLA class I gene is a 
housekeeping gene and does not need any inducer for its expression at normal level, 
some tumor cells as well as some virus infected cells are able to decrease HLA class I 
expression on their surface. Here we can add a new condition; the serum starvation to 
do so but we need perform further studies to reveal that this process being regulated at 
the level of transcription, translation or translocation onto the cell surface.  
Apart from the underlying mechanisms, which resulted in down-regulation of HLA 
class I molecules, we assumed that these results could be applied to HLA-tailoring in 
bone marrow transplantation. Therefore, we conducted the mixed lymphocyte culture in 
which starved allo-lymphocytes were used as stimulator cells. It is well known that 1-
10% of our lymphocytes are allo-reactive cells (23). It means that they respond to other 
individuals HLA molecule directly. Thus MLC can be considered as an in vitro model 
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of allo-transplantation. Since we observed that the starved lymphocytes lost their 
stimulatory property during starvation period while a remarkable proportion of them 
remained alive this idea seems to be a legitimate theme. However, appropriate animal 
model is needed to examine this idea in vivo. This strategy can be effective to solve the 
problem, which exists in finding the HLA-matched people for bone marrow 
transplantation in clinical practice. 
Taken together this preliminary study showed that serum starvation circumstances 
might mimic some real condition in which lymphocyte must exert their effects in harsh 
environment such as wound, tumor, atheroma and necrotic tissues. In these conditions 
lymphocytes maintain to be alive and down regulate the expression of HLA class I 
molecule on their surface. These finding can be considered as a base for further studies 
in HLA class I tailoring for lymphoid tissue transplantation in clinical practice as well 
as a new window in fueling immunity (24).  
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