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Intracellular granzyme A expression of proteases called granzymes in a proteoglycan miatrix

: . Granzymes enter the target cell with the help of perforin
pe”pheral blood Iymphocyte subsets in and accumulate in the nucleus, where they can activate

pulmonary tuberculosis pathways of nuclear damag&ranzyme B causes caspase-
dependent cell death, whereas granzyme A (GzmA) me-
diates caspase-independent cell déath
D. Nisha Rajeswari, S. Anbalagan and GzmA causes DNA amage by introducing 'smgle-
PR N stranded nicks in the DNA It destroys the lamins and

- R. Narayanan opens up the DNA for degration by targeting the his-
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Mayor V.R. Ramanathan Road, Chennai 600 031, India cell by cleaving the SET complex, which is involved in
the repair response to oxidative stre€ells that are re-
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Cell-mediated immunity is a key weapon of host de- . X .
fence against tuberculosis (TB). Granzyme A (GzmA), sistant to caspase-mediated cell death are sensitive to the

a serine protease, present in the granules of cytotoxic apoptotic': effects of GznTA Studies have also shown that .
cells induces caspase-independent cell death. We estiGZmA signals monocytes to have enhanced phagocytic
mated the proportion of GzmA producing lymphocyte activity and to produce elevated levels of IL-6, IL-8 and
subsets in peripheral blood from 59 normal healthy TNF-a, which suggests that granzymes may have important
volunteers and 48 pulmonary TB (PTB) patients using regulatory roles in cell mediated immurfity

flow cytometry. When compared with normal healthy  The aim of our study was to examine the proportions of
subjects, we observed a significantly higher percent- peripheral blood lymphocyte subsets expressing GzmA in
age of GzmA-positive CD56 cells @ =0.01) in PTB 5 mal healthy subjects (NHS) and pulmonary tuberculosis

patients. However, when the absolutc_a- n_u.mber was (PTB) patients, which could reflect tirevivo situation in
compared between the two groups, a significantly de- e

creased number of GzmA-expressing CDIGP = 0.01) . .
and CD56 (P = 0.0001) cells was observed in patients 1€ Study group included 48 PTB patients (mean
and this could be explained by the significantly re- age+ SD is 35.5¢ 10.6) and 59 NHS (mean agesD is

duced number of total lymphocytes P = 0.0009) seen 30t 8). Patient; attending Tuberculosis Research Ceptre
in the patients. There was no significant difference in (TRC), Chennai with respiratory symptoms and radio-
the number of CD4" and CD8 GzmA double-positive graphic abnormalities suggestive of PTB and sputum-
cells between the two study groups. CD56 is a natural positive for MTB by both smear and culture were included
killer cell marker and these cells represent innate immune for the study. All the patients were HIV-negative. Among
response to TB. We report an increased percentage of the 48 patients, 32 were males (mean a&® is 35.8t
CD56" cells expressing GzmA in TB patients, which 11) and 16 females (mean ag&D is 34.8+ 10). NHS
shows the. re_Ie\_/ance .Of the _szA—med|at¢d pathway were volunteers who were clinically normal at the time of
of apoptosis in immunity againstMycobacteriumtuber- . i
culosis. blood coIIectloq and the NHS group comprised 41 males
(mean age: SD is 31.3: 8.7) and 18 females (mean age
; ; SD is 25.8+ 5). Blood samples were collected after ob-

Cytotoxic cells, granzyme A, peripheral blood,” ™~ < g

vt g ym penp taining informed consent and before starting chemother-
apy. The study has been approved by the ethical committee
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TuBERcULOSIS (TB) remains a serious global healthOfTRC'

threat despite effective treatment strateghdgcobacte- Abﬁu: 1ml gf blo?d was hgparlt:uzftled and used for md-
rium tuberculosigMTB), an intracellular pathogen hastracellular and surface-staining by flow cytometry an

the ability to persist in the host byessfully evading hematological profile using electron profile counter (ABX

the defence mechanisms. A coordinated immune respoﬁ%. ros CE Haematalgie, France). Flow cytometric detection

involving innate and cell-mediated immunity is requiretg intracellular GzmA in whole blood was performed

to control the infection. Eradication of the pathogen requir sed on a metho‘? described.eagr.liétuorescein isothio- )
yanate (FITC)-conjugated anti-CD4, CD8 and CD16 anti-

lysis of the infected cells b toxic T lymph
ysis of the Iniected cells by cytotoxic ymphocyte odies and phycoerythrin (PE)-conjugated anti-CD56

(CTL) and natural killer cells (NK cells).ggent studies ) o ! .
with MTB-reactive CD8 T-cells have shown that Cytolyticantlbody (Becton Dickinson, California, USA) were used

function was associated with inhibition of intracellularfor surche-staining fOHOWEd by lysis O,f rgd blood cells
MTB growth'. The granule exocytosis pathway is an im(RBC) with RBC lysis solution (Becton Dickinson). Leuco-

portant mechanism by which the cytotoxic cells causp/tes were fixed in 1% para formaldehy@é 4, for 10 min

target cell lysis and death. The CTL granules contain a pof%l}lowed by permeabilization with 0.1% saponin in phos-

forming protein called perforin, and a group of serin® ate buffered saline (PBS). Intracellular staining was
gp P arotp performed by incubating the cells with PE or FITC-

conjugated anti-GzmA antibody (Becton Dickinson) at
*For correspondence. (e-mail: psraj21@hotmail.com) 4°C for 30 min. Stained cells were washed twice in PBS,
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fixed with 1% PFA and acquired in Becton Dickinsor
FACSort flow cytometer. Using scatter pattern, 10,00 . P Ll
events were counted in the lymphogated region and ar e
lysed using Cell Quest Pro software. Results were expres: M
as arithmetic meath standard error (SE) and analysec R e
using Student’s test to examine the significance of re- 3 W;{E,' :
sults between the two study groupgs.value less than ] @
0.05 was considered statistically significant. NHS 0 200 400 600 E00 1000 PTB
Dot-plot pictures showing scatter pattern of GzmA FSC-Hekght
positive cells and their immunophenotypes from a NHS ar CD4 = Gzm A =
a PTB patient are shown in Figure 1. The proportions v?_; = 8.0
CD4', CD8, CD16 and CD56 cells expressing GzmA were o e {%"'ﬁ
compared between the study groups. When compared w E" .
NHS, there was a significant increase in the percentage =
CD56" GzmA-positive cells in PTB patient® & 0.01). g_ - 150
The percentage of CD4nd CD8 GzmA-positive cells = . i _:l,&r;'.l"
was slightly higher in PTB patients, but the differenc T s d B E L ki s e
was not significant. In contrast, the percentage of CD1t 1w0? ol el w?god 1% 10 o™ °
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The absolute number of each subset was calculat
from the total lymphocyte count. When we compared th
absolute numbers between the two groups, a significan
decreased number of CD16P = 0.01) and CD56
(P =0.0001) cell population, which stained positive fo
GzmA, was observed in PTB patients. This may be due
a significant reduction in the number of total lymphocyte -
(P =0.0009) in PTB. There was no significant differenc 0 EnaEITe o COEFMe
in the number of CD4and CD8 GzmA double-positive
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cells between the two study groups (Figut®.2 CD16 - Gzm A

Host defence against TB involves NK cells and CTLs ™ T
Recent studies have revealed that the CTLs deliver higt 3 = @132
microbicidal proteins into infected macrophages, theret Eﬁi' 2T “a)1
killing the virulent pathogen, and lyse the target macrc E% Ewa,i e W
phages by granule-mediated perforin mechanism of apc T 2" 3 ':“ b
tosis which co-delivers bactericidal proteih€One such @':c._ fet =
granule-associated protein is GzmA, which causes ct - = ﬂ

death by introducing single-stranded DNA nicks. Mos B i i e i T T
i i COIE-FITC
circulating CD56 NK cells, almost half of CD8T-cells 016-FITE

and a few CD4 T-cells express GzntA GzmA expres- CD56 - Gzm A

sion is constitutive in many NK cells and continues to b - &

expressed long after T-cell activation L iy 11 | 526
Considering these facts, we sought to study the expre ‘Ej =7 7| s

sion of GzmA in lymphocyte subsets of peripheral bloo £ 7 E”ﬂ_ e

from NHS and PTB patients. We observed a significant =3 %_‘ 5

increased percentage of GzmA-expressing CR#ls in =4 g

PTB patients. The difference was not significant for othe - 13 o 17w

cell subsets. However, due to a general decrease in EII.'I'.:'.“TIZII.I;W;.I;IZ."“I.I:I|3”-|t|4 “n? ol i e nd

number of lymphocytes in TB, the number of CD56 GRANZYIME FITC GRATEVMEFITE

GzmA-positive cells was low in the peripheral blood of

ients. h r | lvmph e number Figure 1. Dot-plot pictures showing scatter pattern_o_f pt_aripheral
patients. Such a decreased total lymphocyt blood cells with lymphogate and intracellular GzmA staining in D4

PTB patients was reported in an earlier study from OWpg' cp16 and CD56 cells in NHS and PTB patients. PE-anti-
laboratory, where we have shown an increased percent@geA antibody was used with CD4, CD8 and CD16 staining and

of CD8' cells positive for perforin in PTB patieﬁfsA FITC-anti-GzmA antibody was used with CD56 staining. Numbers
correspond to the percentage of gated cells in each quadrant and the re-

similar finding has been reported in a study by Ca_rvalhéalts shown are representative data from an individual NHS and PTB
et al, where they have observed théltv-seronegative patient sample.
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2 50 1 increased percentage of GzmA-expressing NK cells in
o ONHS PTB patients, suggesting the relevance of GzmA-mediated
:«% 01 BPTE apoptotic pathway in the defence against MTBese re-
2 5 (38) (22) sults indicate an important role for GzmA in the host im-
< (56) (46) . . .
o Lt mune response to TB, which needs to be confirmed with
£ 201 (56 (47) more functional studies.
s 10 (56) (46) To conclude, we report an increased percentage of
2 GzmA-expressing CD56 cells in PTB, which supports the
0 role played by these cytotoxic cells in the immune res-
TOTAL CcD16  CD56 ponse mounted against the pathogen. Functional studies
® w 12007 (45)(35) about the role of GzmA in infectious diseases could provide
= 8 1000 - more knowledge in this aspect.
o O
8 % 800 4 1. Cho, S.et al, Antimicrobial activity of MHC class I-restricted
E8 (45) (33) (35) (24) CD8' T cells in human tuberculosiBroc. Natl. Acad. Sci. USA
o < 600 2000,97, 12210-12215.
So (45) (34 2. Pasternack, M. S. and Eisen, H. N., A novel serine esterase ex-
§ E 400 A pressed by cytotoxic T lymphocytdsature, 1985,314, 743-745.
< % (45) (33) 3. Jans, D. Aet al, Nuclear targeting of the serine protease gran-
5 200 zyme A (fragmentin-1)J. Cell Sci, 1998,111, 2645-2654.
0 4. Fan, Zet al, Cleaving the oxidative repair protein Apel enhances
cell death mediated by granzyme Nature Immunal 2003,4,
TOTAL D4 CcD8 CD16 CD56 145-153.
GranzymeA positive cell subsets 5. Beresford, P. J., Xia, Z., Greenberg, A. H. and Lieberman, J.,
) ) o N Granzyme A loading induces rapid cytolysis and a novel form of
Figure 2. a, Immunophenotypic classification of GzmA-positive cells DNA damage independently of caspase activatiormunity 1999,

in peripheral blood lymphocytes of NHS and PTB patients. The per-
centage of total lymphocytes, CQ4CD8", CD16 and CD56 cells

positive for GzmA in NHS and PTB patients is shown. The percentage

of CD56" GzmA double-positive cells was significantly high in PTB
patients P = 0.01) when compared with NH8, Absolute numbers of
GzmA-positive total lymphocytes, CD4CD8', CD16 and CD56

cells in NHS and PTB patients. In PTB patients, there was a S|gn|f|can7
decrease in the absolute number of CDG&mA double-positive cells
(P=0.01) and CD56GzmA double-positive cellsP(= 0.0001). Re-
sults are expressed as mea8E. Figures in parentheses represent the

number of subjects studied. 8.

TB patients had lower total lymphocyte and Clpdopor-

tions than healthy blood dondtsHowever, the percentage 9.

of CD56" cells positive for GzmA is significantly higher

in these patients, which is a consequence of the infection.
This may be because of the increased activation and prg-

liferation of these cells upon stimulation by the mycobac-

terial antigens. The surface-marker CD56 is present da.

NK cells, which mediate their action via cytolysis and

production of Th1 cytokines. NK cells are also essential for

the generation of human CDallogenic CTL responses
and this effect is mediat@d part through CD56 (ref. 14).

In the present study, an increased expression of GzmA1&:

the CD56 cells of PTB patients was observed. This could

be due to an increased activation of these cytotoxic cellg.

during infection or an increased production of GzmA in
these cells in response to an external signal.
causes apoptosis of target cells, a way to eliminate bacilli
in the infected cells. In a study by Sada Ovadteal.,,
CD8 cells with the NK cell marker CD57 obtained from

Gzmik.

10, 585-594.
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