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One third of the world’s population is infected with Mycobacterium tuberculosis (MTB). However, active
disease can develop only in a small percentage, when the immunity is weakened. The acquired immune
response to MTB is primarily mediated by T cells. Natural killer (NK) cells play a central role in innate
immunity to microbial pathogens. Human NKT cells have characteristics of both T and NK cells and also
exhibit antimycobacterial activity. This work aimed to enumerate T, NK and NKT cells in active pulmonary TB
compared with healthy controls and to study the correlation between these cells with different factors
affecting prognosis of pulmonary TB as disease severity, complications or associated diseases,
antitubrculosis chemotherapy, and age & gender. Of the 22 active tuberculosis patients examined, 17 were
recent cases and 5 recurrent. Healthy controls were divided into 14 individuals with detectable reaction to
purified protein derivative (PPD+) and 14 individuals without detectable reaction to PPD-. The percentages of
T, NK and NKT cells in erythrocyte-lysed whole blood samples were determined using flowcytometry. The
percentage of NKT cells was significantly higher among the recently diagnosed MTB cases as compared with
both PPD+ (P<0.01) and PPD- (P<0.01) healthy controls, while no significant difference could be found in the
percentages of T or NK cells among these groups. However, comparing recurrent cases with recently
diagnosed cases showed a significant difference only in the percentage of T cells (P<0.01). There was also a
significant difference in the percentage of T cells according to severity of disease (P<0.01) and in the
association of diabetes mellitus (P<0.01). Age, gender and treatment with antituberculosis chemotherapy had
no effect on the percentages of T, NK or NKT cells. It is concluded that T and NKT cells play an important
role in immunity against TB. In active pulmonary tuberculosis, increased T cell count points to severity of the
disease, while their reduced count predicts bad prognosis. Human NKT cell count is a marker of disease
activity. Enumeration of these cells in peripheral blood can be used as a non-invasive prognostic indicator
for patients with active pulmonary TB.

he immune response mounted to
Mycobacterium  tuberculosis (MTB)
i infections 1s generally successful in
containing, although not eliminating the

defense against MTB (Flynn and Chan 2001).
The adaptive immune response depends on
antigen presentation, interactions with cells of
innate immune system and clonal expansion

pathogen. (Dye et al., 1999). It is clear that
immune responses to MTB correlate with
clinical manifestations of  infection
(Vankayalapati et al., 2002). In small
percentage of infected cases, acute active TB
occurs 1f there is a lack of initiation of
appropriate immune responses. In most cases,
there is a clinical latency which extends for
lifetime of the host. However, reactivation
occurs once the immune system is weakened
(Tsai et al.,, 2002). Both the innate and
adaptive immune systems contribute to host

of lymphocytes. These processes require days
to weeks. Thus effective innate immunity is
required to protect the host during that time
(Lanier 2001).

The natural killer (NK) cells play a central
role in the innate immune response to
microbial pathogens both through destruction
of infected cells and by secretion of cytokines
such as IFN-y that shape the subsequent
adaptive immune response (Moretta et al.,
2000). The lytic activity of NK depends on
enhanced expression of activator receptors on
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NK cells such as NKp46. It was found that
glycosylated MTB proteins could interact
with NK p46 resulting in their activation
(Vankayalapati et al., 2002).

The second major cell type involved in
MTB infection is T-lymphocytes. Initial
studies have focused on CD, T cells,
however; recently increased attention has
turned to the involvement of CDg in MTB
infection. Protective T scell responses to MTB
are consistent with a Th; like responses
(Vitale et al., 1998). Direct mycobactericidal
activity is possessed by CDg" cells which on
recognition of infected macrophages, they
cause their lysis and killing of extracellular
(excreted) MTB by granulysin protein
secreted by these CDg cells (Lowinsohn et al.,
1998). Not only the conventional CD4 and the
CD8 cells but also the 6 T-cells
(subpopulation of T-cells), play a major role
in primary response to MTB. On activation
with MTB antigens (non MHC restricted)
they produce substantial amounts of IL-2,
IFN-y and TNF-a, thus influence and regulate
NK cells, macrophages and Th; cells (Lang et
al., 1996). They also have a cytotoxic effect
on non activated MTB infected macrophages
(Tsuyugushi 1997). The role of NK 1is innate
and that of T cells is adaptive. However, NKT
cells whitch is subset of T cells, have critical
role in bridging the gap between innate and
adaptive immunity (Fleuridor et al., 2003). As
their name implies, NKT cells share both
phenotypic and functional homology with
both NK and T- cells (Berzins et al., 2004).
They are all CD;" but may either express
CD"; or CD'g or neither of these receptors.
These cells also coexpress NK markers and T-
cell receptors (Fleuridor et al., 2003).

The TCRs used by the human NKT cells
are invariant (non-polymorphic) using a
particular variable o chain (V o 24) usually
associated with a particular 3 chain (VB11)
(Fuss et al., 2004). These NKT cells are CD1d
restricted as they recognize antigens if
associated with CD1d which is MHC class 1
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like molecule (3, micro globulin) present on
the surface of professional antigen presenting
cells (Mattner et al., 2005). The CDI1d
presents  glycolipids  (highly  abundant
component of MTB cell wall) rather than
peptide fragments normally presented to
mainstream T- cells (Berzins et al., 2004).
These NKT cells are thought to regulate a
wide variety of immune responses through
production of type 1 and type 2 cytokines
(Yang et al.,, 2003) suggesting their critical
role in immune regulation, tumour
surveillance, autoimmunity and in immune
responses to a wide variety of pathogens
(Fleuridor et al., 2003). Their role in TB
infection is documented by the fact that MTB
antigen, phosphatydal inositol mannoside, is
the putative target known so far for NKT cells
(Mattner et al., 2005) and by the presence of
CDI1d in TB granuloma. The activated NKT
cells secrete IFN-y which restrict the growth
of MTB and express granulizin which is
mycobactericidal (Gansert et al., 2003). These
cellular interactions in pulmonary tuberculosis
are complex.

This work aimed to enumerate the percent
of T- lymphocytes, NK and NKT cells in
pulmonary TB cases. Moreover, the study was
exteded to correlate between these cells and
some factors that could affect the disease
outcome among the active TB patients as
disease severity, complications or associated
disease, antitubrculosis chemotherapy, age
and gender.

Subjects and Methods
Subjects

The study was carried out on 22 pulmonary
tuberculosis patients recruited from Shebeen El-Kom
Chest Hospital in Menoufyia Governorate during the
period from January 2003 to January 2004. All patients
were diagnosed as active pulmonary TB based on
recent clinical symptoms, X-ray findings compatible
with active TB, positive acid-fast bacilli sputum smear
and positive culture on Lowenstein Jensen medium.

The patients were divided into:
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Recently diagnosed group included 17 patients with
e range from 20 — 85 years with a mean of 45 + 17
s. They were 11 males and 6 females.

- Five recurrent TB cases (4 males and one female)
ith age range between 20 and 52 ys and a mean of
8+ 13 ys.

The study also included 28 age matched, apparently
ealthy controls. Fourteen of them were purified
rotein derivative positive (PPD+). They were 8
ales and 6 females of age range from 21 to 50 ys
ean 33 + 8.7 ys), and fourteen were purified protein
erivative negative (PPD-) (4 males and 10 females and
ges ranged from 19 to 41 ys (30.6 + 4).

All subjects of the study were subjected to full
istory taking especially as regards immune
uppression (as diabetes mellitus) and thorough
hysical examination.

Recently diagnosed patients were radiologically
lassified into 3 subgroups (minimal moderate and
evere) according to X-ray findings (Thomas et al.,

or the determination of T, NK and NKT percentages
peripheral blood; a blood specimen was collected (5
1) on an anticoagulant. To 50 pL of blood, 20 pL of
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monoclonal antibodies: Tri test CD"; fluorescien
isothiocyanate (FITC)/ CD",¢/ CDs phycoerythrine
(PE)/ CDys peridinin chlorophyll protein (PerCp) were
added, then incubated in the dark at room temperature
for 15 minutes. Lysing of RBCs was performed using
450 pL IX FACS lysing solution. Samples were again
incubated for 15 minutes at room temperature in the
dark. Analysis by the flowcytometer was then done. All
reagents (tri test lysine solution and commercial blood
controls were supplied from Becton Deknson company
USA).

The CDys positive cells were visually inspected vs
SSC dot plot. The lymphocyte population should
appear as a bright, compact cluster with low SSC.
Monocytes and granulocytes should also appear as
distinct clusters.

Acquisition and analysis were done using the
Multiset software. Before acquiring samples, the
threshold was adjusted to minimize debris and to
ensure that populations of interest were included

Analysis of the results were done as shown in fig
(1): The standard dot plot represent the Multi Set report
of T-lymphocytes, NK cells and NKT cells:

T DAS - Per D

(a)

represented the CD3+ (T-lymphocytes).

Coz-rime

(b)

(¢)

Figure 1. T lymphocytes, NK and NKT cells: Gated on the CD45 cells which represented the total leuckocytes (a).
he Side scatter in (b) represents the CD3+ & CD16+ 56+ve cells (NK). The lower forward right scatter in (c)
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Statistical analysis

Data were collected, tabulated and statistically analysed
by IBM personal computer with SPSS version I
statistical package. Student’s t-test was used for
comparison between two groups, while ANOVA (F)
test was used for comparison between more than two
groups having quantitative variables. Correlation co-
efficient test was used to measure the association
between two quantitative variables. The level of
significance was considered significant at 5% (Daniel,
1993).
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Results

In order to study some cellular prameters as T
KT and NK cells in active pulmoary TB, their
percentages in peripheral blood samples were
determined for a total of 22 active TB cases
and 28 controls. The percentage of NKT cells
were significantly (p< 0.01) higher among the
recently diagnosed TB patients compared to
the purified protein derivative positive
(PPD+) controls. However, no significant
difference was detected in the percentage of T
or NK cells as shown in table (1).

Table 1. The percentage of T-lymphocytes, NK and NKT cells among the recently diagnosed TB patients and PPD+

controls.
The studied group T-cells NK cells NKT cells
Recently diagnosed TB 70.23 +9.92 22 +8.35 10.12 + 7.41 (2.29 to
patients (n=17) (58 to 84) (8 to 37) 24.07)

7242 +6.19 18.92 + 6.92 45+282
PPD+ controls (n=14)

(63 to 84) (10 to 37) (1.49 t0 9.22)

*P-value NS NS <0.01

*p< 0.05 is significant., NS= not significant.

The percentage of NKT cells was significantly
higher (p< 0.01) among the recently
diagnosed TB patients compared to PPD-.

However, no significant difference was found
between both groups regarding the percentage
of T or NK cells as shown in table (2).

Table 2. The percentage of T-cells, NK cells and NKT cells among the recently diagnosed TB patients and PPD-

controls.

The studied group T-cells NK cells NKT cells

Recently diagnosed TB 70.23 +9.92 22 +8.55 10.12 + 7.41 (229 to

patients (n=17) (58 to 84) (8 to 37) 24.07)
70.71+ 512 18.85+5.4 ; .

PPD- controls (n=14) - - 42215

(6310 77) (6 to 27) (1.66 to 8.11)
P-value NS NS <0.01

*p< 0.05 is significant., NS= not significant.
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There was no significant difference in the
percentage of T-cells, NK- cells or NKT-cells
between the PPD+ and PPD- healthy controls
where P-value was >0.05 in the 3 cell types.
The percentage of T-cells was significantly
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higher (p< 0.01) among the recently
diagnosed TB patients than those with
recurrent disease. However, there was no
significant difference in the percentage of NK
or NKT cells as shown in table (3).

Table 3. The percentage of T-cells, NK cells and NKT cells among the recently diagnosed TB patients and those with

recurrent TB:

The studied group T-cells NK cells NKT cells
Recently diagnosed TB 70.23+9.92 22 +8.55 10.12+7.41(2.29to
patients (n=17) (58 to 84) (8 to 37) 24.07)
Recurrent TB patient group 774 +23 19+4.94 11.16 + 7.03 (5.99 to 23)
(n=5) (74 to 80) (13 to 26)

*p-value <0.01 NS NS

*p< 0.05 is significant., NS= not significant.

Studying the correlation between percentages
of cell types, there was significant negative
correlation between T cells and NK cells in

the recently diagnosed TB patients and
significant positive correlation between T and
NKT cells in the PPD+ controls table (4).

Table 4. Correlation between T, NK and NKT cells in recently diagnosed TB patients, recurrent TB and controls

T cells
Recent TB n= 17 Recurrent TB. n=5 PPD +. n=14 PPD -.. n=14
r P r “p R p r p
NK -0.6 <0.01 -0.8 NS -0.3 NS -0.4 NS
NKT +0.3 NS +0.2 NS +0.5 <0.05 -0.09 NS

*p< 0.05 is significant., NS= not significant.

There was a significant difference between
patients with minimal, moderate and severe
degrees of the disease regarding the percent of

T cells. However, there was no significant
difference regarding the percent of NK of

NKT cells.




