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Abstract: The purpose of this study was to determine the phenotyping of Peripheral Blood
Lymphocytes (PBL) in Head and Neck Cancers (HNCA) patients and to relate this with the level of
Cell-Mediated Immunity (CMI) measured by in vitro lymphoproliferative assay, in order to evaluate
immune suppression in HNCA patients and its possible mechanisms. Accordingly, one hundred twenty
two HNCA patients and 100 control subjects were enrolled in this study. HNCA patients were
classified into 42 nasopharyngeal carcinoma, 66 carcinoma of larynx and 14 Hypo Pharyngeal
Carcinoma (HPC). For measuring CMI, Microculture Tetrazolium assay (MTT) was applied on the
freshly isolated lymphocytes of HNCA patients and control group. Immunophenotyping of PBL was
carried out for monitoring the blood level of CD3+, CD4+, CD8+, CD21+ cells in HNCA patients in
comparison with controls. The results of both assays have been integrated, revealed the presence of
remarked immune suppression in HNCA patients in comparison with the controls, especially for
NasoPharyngeal Carcinoma (NPC) patients who were immunosuppressed more than other studied
HNCA types. Surprisingly, NPC group showed the lowest CMI level along with the highest level of
PBL subsets, particularly NPC patients expressed the highest level of CD8+ cells among HNCA. It
was inferred that CD8+ cells were more likely immune suppressor rather than cytotoxic cells and this
is the principal factor for inducing sustained immunosuppression in HNCA and in NPC in particular.
Furthermore CD4/CD8 ratio proved to be a reliable index for assessing the immunological status of
HNCA patients and more dependable index than other immunity-evaluating factors.
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One of the most prevalent in vitro methods have been
used to test CMI function is the 3-[4,5, dimethylthiazol2-yl]-2, 5diphenyl tetrazolium bromide microculture
assay (MTT)[5].
Peripheral Blood Lymphocytes (PBL) can give a
reliable monitoring of the immunological status in
patients with cancers[6]. PBL CD markering is one of
the main approaches that has been used to clarify the
lines of immune defense mechanisms that exert an
active role in the defense against tumor cells of
HNCA[7]. It has been established that CD8+ cells are of
a role in inducing immune suppression state in HNCA
patients[8,9].
There was no previous study showed clearly the
interlink between the lymphocytic immune cells in the
immunosuprressed HNCA patients and the remarkable
decline of CMI. Moreover, because that there is a
remarkable geographical variation in the incidence of

INTRODUCTION
Cancers in general are susceptible to immunemediated destruction and has been shown that many
cancer patients have defects in their cellular
immunological function, this is especially characteristic
of those with HNCA that is strictly related to viral
origin, Epstein Barr Virus (EBV)[1]. EBV infects more
than 90% of the human adult population and is
considered as the classic target for immune surveillance
of persistent viral infections in humans[2]. Different
EBV latency programs are associated with many
important tumors, like Hodgkin's disease and
nasopharyngeal carcinoma and also the EBVtransformed B cell lines (lymphoblastoid cell lines) that
are so often used in human immunological research[3] .
In vitro lymphocyte proliferate/cytotoxic reactions
are widely used for the detection of CMI potentials[4].
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HNCA types[10] and there was no previous
immunological study on HNCA in the Middle East
region, therefore it was intended in this study to
evaluate the cell-mediated immunity in NPC and other
types of HNCA patients in comparison with controls,
integrating the results with that of the PBL
immunophenotyping, in order to determine; the level of
immunosuppression in HNCA, comparing the level of
that suppression among different HNCA groups and
determine which immunological line and which PBL
subset is more associated with the induction of
immunosuppression.

create two interfacing layers. By the effect of
centrifugal force, PBL were grouped into web-like layer
to be withdrawn and washed later. Final concentration
of lymphocytes suspension was 1-2×106 cells-mL−1[11].
MTT assay: By MTT assay we can measure the
proliferative activity of living cells when exposed to
mitogenic substances[12]. In this study, we used MTT
assay on the isolated PBL suspensions.
MTT assay was applied by using 100 µL of final
PBL suspension added to each well in duplicates. Cells
were cultured in humid sterile incubator for 1 day, then
10 µL of the mitogen Con A were added at
concentration of 40 µg mL−1. Incubation for 3 days in
incubator at 37°C. At the 4th day MTT agent was added
at 5 mg mL−1 with incubation for 4 h. Finally, the
supernatant was removed in each well by Pasteur
pipette and 100 µL of isopropanol was added, then
reading by ELISA reader at 540 nm[13].
The CMI level was measured relying on certain
parameter that represents the mitogenic reactivity of
PBL in MTT assay, which is called the proliferative
percentage and according to the following equation[13]:

MATERIALS AND METHODS
One hundred twenty two Head and Neck Cancer
(HNCA) patients were selected without any bias to
certain type of HNCA in the period between January
2006-Dec 2007 from two main centers; University
hospital of The Medical College of Alnahrain
University, The Radiotherapy Reference Center in
Baghdad, Iraq and Alhussein Hospital in Amman,
Jordan. The samples processing and the study were
totally conducted in Univeristy Putra Malaysia (UPM)
in Kuala Lumpur. HNCA patients were selected
preoperatively and after the diagnosis was established,
primary HNCA was only selected rather than secondary
or recurrent cases. One hundred of age and sex matched
control subjects were selected. Control subjects were
those who attended the University hospital of The
Medical College of Alnahrain University for minor
traumatic therapy. They showed normal blood and
biochemical laboratory examinations for traumatic
surgical interventions. The groups of HNCA studied
were 42 patients of NPC, 66 patients of laryngeal
cancer and 14 patients of hypopharyngeal carcinoma.
Other HNCA types were of small numbers that were
neglected for statistical analysis. Blood samples were
taken from HNCA patients and from controls after
obtaining full written consent. Withdrawn blood was
held in heparinized tubes for later isolation of PBL.

 absorbency of experimental wells 
Proliferative% = 
 − 1 × 100
 absorbency of control wells 

Immunophenotyping
of
Peripheral
blood
lymphocytes:
Fixation step: The fixation procedure dissolves and
removes some of lipids, so that all of the cellular
proteins, both surface and intracellular and nucleic
acids were being accessible to the added antibodies. In
addition, fixation is critical to the cell adhesion of PBL
to immunofluorescence slides in order to be sticky
throughout the later washing steps[14].
Fifteen ul of final PBL suspension were added to
immunofluorescence slide, drying at room temperature
within 1-2 h. Then 15 µL of the fixative Buffered
Formal Acetone (BFA) was added, it was allowed to
dry within 1 h. Finally, freezing at -20°C.
Direct immune-fluorescence microscopy: Fifteen µL
of diluted (1: 5) immunofluorescence-labeled
monoclonal antibodies, namely, anti-CD3, anti-CD4,
anti-CD8 and anti-CD21. Each monoclonal antibody
was applied into duplicate wells. Then slides were
incubated in a humid chamber at 37°C with mild
shaking for one hour. Then, washing step was
conducted for once by dipping slides into PBS-filled jar
with stirring for 10 min. One to two drops of mounting
fluid were added, followed by adding cover-slips to be

Cell mediated immunity determination:
Lymphocytes isolation: Lymphocytes isolation from
heparin zed whole blood was used in order to prepare a
pure population of lymphocytes to be used in MTT
assay.
Lymphocyte separation was done inside an
ultraviolet hood. The procedure was based on the
gradient density sedimentation technique by using
Ficoll hypaque. Diluted blood (1: 2) with RPMI 1640
media was added slowly onto below Ficoll layer to
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Proliferative percentage

read under immunofluorescent microscope at 40 and
100x. First, at light microscopy, a suitable countable
field was chosen and the number of total lymphocytes
were counted, then UV light was used to count the only
stained cells. The percentage of the stained cells, each
represents a distinct PBL subset, was be calculated out
of the total PBL cells[11].
RESULTS AND DISCUSSION
Immune suppression featured by MTT assay: The
first step for evaluating the immune status of HNCA
patients was by evaluating the CMI level in HNCA
patients in comparison with that of the control group by
exploiting the potential of PBL to be stimulated by
different mitogenic substances. The second step was to
link the results of PBL CD markering with the results of
CMI evaluation, in order to determine which PBL
subset is more associated with immune suppression.
Proliferative percentage was used as an index for
the CMI level in HNCA patients and in controls. The
higher the proliferative percentage the higher the level
of CMI activity would be expected and vice versa.
It was found that NPC patients had significantly
the lowest proliferative percentage among all HNCA
patients which was 42.5%, while in laryngeal
carcinoma patients the proliferative percentage was
78.7% and the highest level was in hypopharyngeal
carcinoma which was 107.7%. It was found that NPC
patients had remarkably lower proliferative percentage
than other HNCA groups (p = 0.01) as shown in Fig. 1.
In addition, the proliferative percentage of NPC and
laryngeal carcinoma groups was much lower than that
of control group, 166.7% (p<0.00001), while the
proliferative percentage of hypopharyngeal carcinoma,
107.7%, was lower that of control group but not
significantly (p = 0.07) as shown in Fig. 1.
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Fig. 1: The proliferative percentage (CMI level) of
different HNCA and control groups
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Fig. 2: Percentages of CD3+, CD4+, CD8+ and CD21+
cell populations for different HNCA and control
groups

Immune suppression featured by CD markering of
PBL: It was shown by PBL immunophenotyping that
HNCA groups generally showed significantly lower
PBL subsets than that in control group, as shown in
Table 1-3. Nevertheless, NPC group showed
unexpectedly a very high percentage of CD8+ cells
which was even higher than that in control group.
Furthermore, NPC group showed a close percentage of
CD21+ cells with that of control group.
Therefore, NPC group showed the highest
percentages of PBL subsets studied then laryngeal
carcinoma group and finally hypopharyngeal carcinoma
group, as shown in Fig. 2. Furthermore, CD4+ /CD8+
ratio was the lowest in NPC group then in carcinoma of
larynx and lastly in hypopharyngeal carcinoma, as
shown in Table 4.

Table 1: PBL cellular expression of CD3, CD4, CD8 and CD21 in
NPC patients in comparison with controls
NPC
Controls
p-value
CD3%
CD3%
0.0001
43.1
53.2
CD4%
CD4%
0.01
36.93
45
CD8%
CD8%
0.0002
33.69
25.3
CD21%
CD21%
1
7.1
7.1

Table 1-3: Z-test.
Linking results of CD markering and MTT assay in
HNCA patients: CMI level checked by MTT was
28
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Table 2: PBL cellular expression of CD3, CD4, CD8 and
CA larynx patients in comparison with controls
CA larynx
Controls
CD3%
CD3%
39.35
53.2
CD4%
CD4%
34.89
45
CD8%
CD8%
24.34
25.3
CD21%
CD21%
4.8
7.1

CD21 in

results of MTT assay with that of CD marketing, it was
shown that the lower CD4/CD8 ratio, the lower
proliferative percentage (CMI level) of PBL.
Consequently, the level of CD4+ cells are directly
proportional to CMI while CD8+ cells are inversely
proportional to CMI activity. Accordingly, it was
inferred that the dominant CD8+ cells in HNCA
patients were immune suppressor cells rather than
cytotoxic cells. Although some reports contradict our
observations in that they state the circulating CD8+
cells in NPC models do not seem to mediate nonspecific suppression of CMI and NPC patients possess
high number of activated circulating cells (express
HLA-DR molecule and IL-2 receptors) and a hyperproduction of IL-2 occurs when their PBL are
stimulated in vitro with phytohaemagglutinin (PHA)[17].
On the other hand, some other reports revealed that
CD8+ cells in HNCA patients might predominantly be
of suppressor type towards T-effecter helper activity
and NK cells cytotoxicity[8,9,18].
The pivotal idea got from the PBL phenotyping
was that all HNCA patients were immunosuppressed
when compared with the control group. This immune
suppression could be a result of the tumor itself or a
cause for the initiation of carcinogenesis. This immune
suppression leads to inactive immune surveillance,
which is responsible for the detection of any
transformed cells with attempts to eliminate them[19, 20].
For the virally caused tumors, it is well known that
tumor associated immune suppression is usually a
subject of initial suppression of immunity that had led
to virus activation and tumor development and then
tumor itself would take a role in a further suppression
like in NPC, Burkitt’s lymphoma and Kaposi sarcoma,
while other types of tumors could be triggered without
a predisposing reduction in immunity[7].
The immune suppression in HNCA patients, which
was reflected by low levels of different PBL subsets,
was manifested unequally among HNCA patients. In
our study, NPC patients showed the highest percentages
of different surface CD markers among HNCA patients.
This is supported by a report[21] which revealed that
NPC patients have high levels of circulating CD3+ cells
and CD4+ cells which is in agreement with our results.
Interestingly, in our study, NPC patients had a very
high percentage of CD8+ cells even higher than that of
the control group, the highest percentages of PBL CD
markers among the studied HNCA groups, but
adversely NPC patients had the lowest CD4/CD8 ratio
and the lowest CMI level among HNCA patients. This
might be explained by another study revealed that EBV
induced IL-10, which is strongly associated with NPC,
inhibits the synthesis of IFN-γ by lymphocytes and NK

p-value
0.00002
0.00009
0.1118
0.0003

Table 3: PBL cellular expression of CD3, CD4, CD8 and CD21 in
HPC patients in comparison with controls
HPC
Controls
p-value
CD3 %
CD3%
0.0004
29.21
53.2
CD4%
CD4%
0.00001
27.85
45
CD8%
CD8%
0.00008
16.23
25.3
CD21%
CD21%
0.0003
3.08
7.1
Table 4: Multivariate t-test between HNCA patients and controls
group regarding comparison of CD4/CD8 ratios
NPC
Controls
-------------------------------------------------------Mean
Variance
Mean
Variance
p-value
1.099
0.037
1.66
0.11
0.000001
Carcinoma of larynx
controls
1.319
0.186
1.66
0.11
0.040000
Hypopharyngeal carcinoma
controls
1.8
0.27
1.66
0.11
0.200000

tested for it’s correlation with percentage of different
PBL CD markers in order to detect any relationship that
clarifies how could the immune system in HNCA
patients react against tumors. By using Pearson’s
correlation coefficient, It was found that CMI level of
HNCA patients that represented by the proliferative
percentage of PBL was inversely correlated with CD8+
cell population (p<0.05) and marginally directly
correlated with CD4/CD8 ratio (p = 0.051), while no
significant correlation was obtained with CD4+ or
CD3+ cells.
The unusual results obtained in this study were that
NPC
patients
had
the
lowest
in
vitro
lymphoproliferative stimulatory potential among
HNCA patients although they had the highest
percentages of the studied CD subsets of PBL. Many
reports revealed that different types of HNCA have
distinct patterns of CMI functions according to MTT
assay, for example virally caused NPC by EBV show
more unresponsiveness to mitogens than other types of
HNCA [15, 16]. By a quick glance at HNCA data of CD
marketing, it might be confusing that there is a paradox
in the results of this study. However, by linking the
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cells and suppresses IFN-γ-mediated cellular events
such as the up-regulation of the MHC class I expression
and cytotoxic cells responses leading to lower CMI[21].
Gaining an understanding of the precise
mechanism of latent EBV infection and host immune
responses may contribute to promising therapeutic
strategies for controlling EBV-associated disorders[23].
This study explained why NPC does not evoke a
notable cytotoxic T lymphocytes response and the
declining of EBV cytotoxic response level in advanced
patients was accompanied by increase of circulating
EBV DNA [24] which is overtly a consequence of the
dominance of the suppressor rather than cytotoxic
CD8+ cells.
CONCLUSION
Based on the finding of the data presented here it
was inferred that NPC group showed the lowest CMI
level but paradoxically with the highest levels of PBL
subsets, particularly NPC patients expressed the highest
level of CD8+cells among HNCA. Since NPC is well
known to be associated with EBV as a causative agent,
consequently it was inferred that immune suppression
in NPC was both a cause and consequence of viral
tumorogenesis. It was also concluded that CD8+ cells
were more likely immune suppressor rather than
cytotoxic cells and this is the principal factor for
inducing sustained immunosuppression in HNCA and
in NPC in particular. Furthermore CD4/CD8 ratio
proved to be a reliable index for assessing the
immunological status of HNCA patients and more
dependable index than other immunity-evaluating
factors. We recommend relying on CD4/CD8 ratio and
on in vitro lymphoproliferative assays as useful and
adequately accurate tools for the evaluation of
immunity in HNCA patients rather than PBL markers
alone which could mislead researchers when are taken
separately. We also recommend conducting further
studies on the role of CD8+ cells in
immunosuppression in other kinds of cancers.
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