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Blood transfusions with high levels of contaminating soluble HLA-I correlate 
with levels of soluble CD8 in recipients' plasma; a new control factor in 
soluble HLA-I-mediated transfusion-modulated immunomodulation?
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Introduction
Thanks to the work of the Transfusion Medicine 

colleagues, the clinical and therapeutic uses of blood 
and its derivatives have acquired such a level of safety 
and simplicity that we tend to forget that transfusions 
are by far the most frequently performed tissue 
transplants, and yet there are few certainties regarding 
their immunological consequences. In fact, intentionally 
excluding potential iatrogenic infections from such 
consequence, it has been known for years that blood 
transfusions can induce immunomodulating effects, 
more conveniently defined as immunosuppressive, in 
a syndrome that has been termed transfusion-related 
immunomodulation (TRIM). Clinical evidence for the 
existence of TRIM as a biological phenomenon with 
beneficial clinical effects in humans has been available 
since 1973, whereas the existence of deleterious clinical 
effects of TRIM has not been definitively confirmed. 
In any case, there is an ever-growing body of evidence 
indicating that the infusion of large amounts of soluble 
and cell-associated antigens into a recipient can 

somehow induce TRIM. The various factors that have 
been implicated in this phenomenon include soluble 
HLA-I (sHLA-I) molecules1,2. 

The biological activities of classical and 
non-classical sHLA-I molecules have been demonstrated 
in in vitro and ex vivo experiments. It has been reported 
that following the binding of adequate amount of 
sHLA-I to CD8, ILT and NCR membrane receptors on 
activated lymphocytes, neutrophils and natural killer 
cells, respectively, there is a cascade of events: up-
regulation of membrane Fas molecules, release of sFasL 
and transcriptional and post-transcriptional modulation 
of TGFβ

1
, which, in turn, have been shown to have 

functional consequences such as induction of apoptosis, 
impairment of chemotaxis and antigen responses and 
loss of cytotoxic competence3-5.

Although detectable in all clinically available blood 
derivatives, the largest amount of sHLA-I molecules has 
been detected in packed red blood cells (RBC) units prepared 
without a pre-storage leucodepletion step. As residual 
leucocytes which undergo membrane damage during storage 
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are the major source of sHLA-I molecules, the duration of 
storage appears to be a potentially important factor in the total 
amount of sHLA-I in RBC units6.

On these premises, if a patient with lymphocytes, 
neutrophils and natural killer cells circulating in activated 
status is transfused with a large number of non-leucodepleted 
RBC, possibly stored for a long time, he should experience 
sHLA-I-mediated TRIM; however this is not always and 
inescapably the case: why?

One way by which the biological functions of 
bioactive antigens can be inactivated, besides an 
antibody response, is the production and/or release of 
soluble ligands of the protein to be inactivated. Most 
of these soluble receptors, precisely because of their 
nature of being soluble, capture their respective ligands 
without any cellular functional consequences, unlike 
what would occur following binding by the analogous 
membrane isoform.

Human soluble CD8 molecules (sCD8) are secreted 
by activated CD8+ T lymphocytes7. On this basis sCD8 
titre has been considered a surrogate index of activation of 
the immune system; nevertheless, the real immunological 
role of sCD8 is poorly defined. The few available data on 
its functional role indicate that sCD8 binding to the alpha3 
domain of the heavy chain stabilises the membrane HLA 
class I molecule interfering with T-cell activation and 
proliferation by an allosteric block7,8. Moreover, we have 
previously shown that sCD8 is fully capable of binding 
sHLA-I as well4. On the whole, these findings point to an 
immunoregulatory role for sCD8. 

As high levels of sCD8 have been found in 
p o l y t r a n s f u s e d  h u m a n  i m m u n o d e f i c i e n c y 
virus-negative haemophiliacs9 and polytransfused 
patients suffering from beta-thalassaemia major have 
been shown to have higher sCD8 levels than normal 
controls10, we focused on sCD8 as a possible modulator 
of sHLA-I-mediated TRIM.

Materials and methods
Patients and controls

Following approval by the local ethical board for 
studies and in human subjects and informed consent 
from the participants, 20 patients with beta-thalassaemia 
major who had been transfused with pre-storage 
leucodepleted RBC for at least 5 years were enrolled 
in the study (group A). Another 20 patients with beta-
thalassaemia major, but routinely transfused with post-
storage leucodepleted RBC, were also enrolled (group 
B). All the patients entering the study were reportedly 
free from other diseases. Finally, 20 patients with beta-
thalassemia minor who had never been transfused but 
whose demographics were comparable to the transfused 
patients, including median age and sex distribution, were 
enrolled into the study as a control arm. 

Blood components and biological samples
Based on information in the patients' clinical 

records, the patients were transfused with an 
average of 27±3 RBC units infused per year. The 
average period of storage of the RBC leucodepleted 
before or after storage was 14±2 days in both 
cases. Immediately before transfusion, samples of 
RBC supernatants were collected and centrifuged 
at 12,000 g for 2 minutes in order to evaluate the 
concentrations of sHLA-I. Plasma samples were 
drawn from enrolled patients immediately before 
transfusion, which was performed at least 21 days 
after the previous one.

Determination of sHLA-I and sCD8 concentrations
The concentrations of sHLA-I molecules were 

determined by double-determinant immunoassay 
(DDIA), as previously described4. The concentrations 
of sCD8 were also determined by a double-determinant 
immunoassay using a commercially available kit 
(Bender MedSystems, Vienna, Austria).

Statistical analysis
All values of all variables are expressed in the 

text and figures as medians with their interquartile 
range (25th-75th percentile). A comparison between 
results for the two groups of transfused patients was 
performed by one-way analysis with Wilcoxon's 
test. Correlations between sCD8 and sHLA-I 
levels were explored by Spearman's correlation 
coefficient. r values between 0.8 and 1 and 0.7 to 0.8 
were considered to indicate very strong and strong 
correlation between variables, respectively. Variables 
with a Spearman's correlation coefficient <0.6 were 
considered poorly correlated.

Results
sCD8 plasma levels

The plasma levels of sCD8 in patients and controls are 
shown in Figure 1, panel A. The median, range and 95% 
confidence interval (95% CI) of the means in the plasma 
of patients transfused with pre-storage leucodepleted 
RBC (group A, column 1) were 702 U/mL (range 
324-1463 U/ml; 95% CI 577-839 U/mL). Group B 
patients (column 2), who had been transfused with 
post-storage leucodepleted RBC, had significantly 
higher levels of sCD8 (P <0.0001); in detail, the 
median level detected in this group was 4738 U/mL 
(range 1990-8363 U/mL; 95% CI 4,090-5,756 U/
mL). Finally, the median plasma level of sCD8 in 
20 patients with beta-thalassaemia who had never 
been transfused (column 3), who were enrolled as 
controls, was 205 U/mL (range 122-603 U/mL; 95% 
CI 188-324 U/mL).
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sHLA-I contaminating molecules induce sCD8 increase

sHLA-I levels detectable in red blood cell units
sHLA-I levels detectable in RBC units are shown in 

Figure 1, panel B. More in detail, column 1 shows the 
amount in the supernatant of pre-storage leucodepleted 
RBC: median 0.79 µg/mL (range 0.25-1.15 µg/mL; 95% CI 
0.68-0.92 µg/mL). The post-storage leucodepleted 
RBC supernatants contained significantly more 
sHLA-I (P <0.0001, column 2): median 4.2 µg/mL 
(range 3-5.97 µg/mL; 95% CI 3.77-4.57 µg/mL).

Analysis of Spearman's correlation coefficient
There was a very strong correlation between sCD8

 

and
 
sHLA-I levels in all patients, with Spearman's 

coefficient being ≥0.80 for all correlations (P ≤0.001 
for all correlations). 

Clinical follow-up
No clinical differences were observed between the 

groups of enrolled subjects during the 12-month period 
of follow-up.

Discussion
The cause of TRIM has proven tantalisingly elusive, 

although it appears quite clear that TRIM is dependent 
on multiple factors. Our group has long been concerned 
with one of these factors: the immunomodulatory role 
of sHLA-I molecules detectable in all available blood 
derivatives and hence infused into recipients following 
their clinical use6,11,12. Since there is a discrepancy 
between the significant in vitro immunosuppressive 
bioactivity of the large quantities of sHLA-I detectable in 
blood derivatives and the ambiguously demonstrable in 
vivo effects following transfusion, some further control 
element must be involved in sHLA-I-mediated TRIM.

Focusing on the possibility that this control 
could be exerted by sCD8 molecules, acting as 
soluble ligands of the protein to be inactivated, we 
compared two groups of patients suffering from 
the same pathology but chronically transfused with 
two differently prepared blood derivatives: pre- and 

post-storage leucodepleted RBC, which, by virtue of this 
difference, had low and high levels of contaminating 
sHLA-I, respectively. Group A patients, who received 
smaller amounts of sHLA-I, secreted low levels of sCD8 
in the plasma. In contrast, the sCD8 levels in group B 
patients, who had been infused with large amounts of 
sHLA-I, were significant higher. Finally, an analogous 
control group of patients with beta-thalassemia minor, 
who had not, therefore, been transfused, had almost 
undetectable sCD8 plasma levels. No differences were 
found between the groups during the 12 months of 
clinical follow-up. Finally, there were no records of 
clinical events able to induce activation of the immune 
system of the enrolled subjects and thus be possible 
causes of up-regulation of sCD8 levels.

In our opinion, the simultaneous absence of TRIM, 
together with the possible cause-effect relationship 
between the amount of sHLA-I infused and the detected 
plasma levels of sCD8 endorsed by the Spearman's 
correlation coefficient, support our hypothesis that 
sCD8 binding to sHLA-I could modulate this latter's 
immunosuppressive bioactivity involved in the induction 
of TRIM, at least in polytransfused subjects.

With the limitation of deriving from a single category 
and a small number of patients, this report introduces 
a new facet of the possible bioactivity of sCD8; if 
confirmed, it might also address further studies on 
TRIM mechanisms. For example, while some authors 
have concluded that there is an association between 
transfusion of blood stored for more than 14 days and 
worse clinical outcomes, others have not found this 
association13,14. Could these discrepancies be dependent 
on different pre-existing titres of circulating sCD8 in the 
evaluated patients? In the present report, we hypothesize 
that increased amounts of sCD8 could be the result 
of sHLA-I infusion during transfusion; however as 
sCD8 can also be secreted following activation of the 
immune system for whatever reason, the levels of sCD8 
could also be elevated independently of and/or prior to 
transfusions.

Figure 1 - Panel A: levels of sCD8 in the plasma of patients transfused with pre-storage leucodepleted RBC (column 1), transfused 
with post-storage leucoreduced RBC (column 2) or never transfused (control, column 3). Panel B: levels of sHLA-I 
in the supernatant of pre-storage leucodepleted RBC (column 1) and post-storage leucoreduced RBC (column 2). The 
levels of sHLA-I were significantly higher (P <0.0001) in the post-storage leucoreduced RBC.
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Although this latter aspect might appear marginal, 
in general the clinical conditions necessitating 
transfusions frequently involve activation of the 
immune system, thus making it susceptible to 
sHLA-I-mediated TRIM. Furthermore, there may be 
large amounts of circulating sCD8, capable of binding 
the sHLA-I and modulating its effects. While waiting 
to understand what sets this balance, sCD8 molecules 
appear to be a possible candidate as a new factor 
involved in the control of sHLA-I-mediated TRIM.
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