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the NK cell line as well as T-cell clones (Houchins et at., 1990). At mRNA level, all 

transcripts except NKG5 are upregulated between day 0 and day 6 after stimulation. 

Granulysin belongs to the saposin-like family of proteins (SAPLIP) and shares a 

particular polypeptide motive and affinity to a variety of lipids, especially 

shingolipids, and cholesterol. Granulysin kills bacteria, fungi, parasites and tumour 

cells and is similar to NK-Iysin, a porcine T and NK cell granule protein. Both 

granulysin and NK lysin consist of a precise fold comprising of five a-helices spaced 

by three loops (figure 1.1). The basic residues in granulysin are arginine which were 

shown to be critical for cytotoxicity but not for antimicrobial activity, whilst the basic 

residues in helix 2-3 appear to have significant antimicrobial activity (Linde et at., 

2005). 

Figure 1.1: Ribbon representative of Granulysin structure. 

Published in Journal of Molecular Biology, Anderson el at., 2003. 

Granulysin is found in cytoplasmic granules ofNK cells and CTL, and translocates to 

the region of the CTLltarget contact where it is exocytosed upon stimulation of the 

TCR (Pena et ai., 1997). It is synthesized as a 15kDa precursor form which is then 

sorted to the cytolytic granules and processed to a 9kDa effector form. Stimulation of 

CTL with anti-CD3 antibodies induced exocytosis of granu\ysin where approximately 

60% of the 9kDa protein was secreted constitutively, whereas the remainder appears 

to accumulate in granules (Pena et ai., 1997). Both CD4+ and CD8+ primed T-cells 

express granulysin and there is no preferential presentation in MHC class 1 or class II 

molecules (Latinovic-Golic et at., 2007). In unstimulated cells, only the 15kDa 

17 
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2.3 RESULTS 

CD4 
CD3 

Granulysin is stained with unconjugated 
human anti-rabbit granulysin antisera then 
stained with a PE conjugated goat anti­
rabbit antibody. Perforin staining uses a 
FITC conjugated antibody 

I 

CD8 
CD3 

PBMC 

CD56 
CD3 

Fix and Permeabilise to expose 
intracellular 

granulysin or perforin 

,/ 

Figure 2.1: Schematic diagram of the staining method used for intracellular expression of 

granulysin and perforin within T-cells and NK cells 
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2.3.1 Titration of granulysin antisera 

To determine the optimal concentration of the polyclonal antibody to human 

granulysin, PBMC from two ND were isolated and stimulated with 6flllmi PPD for 

six days. The strategy adopted in order to evaluate granulysin or perforin expression 

in three reciprocal lymphocyte subsets is outlined in figure 2.1. Flow cytometric 

analysis was carried out by evaluating granulysin expression in CD4+ cells using 

granulysin antisera at different dilutions. Normal rabbit serum was used as a negative 

control. Figure 2.2 shows that at a dilution of 111 a and 111 00 there was a mean of 

19.5% and 24% granulysin expressing CD4+ cells respectively. Concentrated antisera 

and a dilution of 111000 resulted in a mean of 6% and 2% respectively of CD4+ 

granulysin expressing cells. It was therefore decided to use the antiserum at 111 00 

giving a final concentration of 111 000 for granulysin detection and neat normal rabbit 

serum as a negative control (10fll of antisera to IOOfll of cells). 

c 
.~ 

"S 
c 
ro 

30 

a, 20 
OJ 
c 
.~ 

Q) 

~ 
Q) 10 
+ 
"<:t 
o 
U 

o 

Polyclonal Granulysin antisera titration 

Neat III 0 III 00 1/1000 

Figure 2.2: Comparison of granulysin expression in CD4+ cells 

in two donors using granulysin antisera at different dilutions. 
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Figure 2.3: A representative flow cytometric diagram showing the F ACS gating strategy employed in 

order to define three distinct peripheral blood lymphocyte subsets for quantification of granulysin and 

perforin expression. The lymphocyte gate was defined by forward and side scatter cell characteristics 

CRl). Within this population CD3+ T-cells were split into CD3+4+ helper or CD3+g+ cytotoxic subsets 

CRl and R2), while NK cells were operationally defined as CD3-56+ CRl and R3). 

After one day of PPO stimulation, a mean of 1 % of C04+ T -cells, 6.7% of CD8+ T­

cells and 61 % of NK cells expressed granulysin (figure 2.4). There was a large 

increase of granulysin expressing T-cells on day four of PPD stimulation where a 

mean of23.7% ofCD4+ and 29% ofC08+ T-cells expressed this cytolytic marker. In 

contrast, the percentage ofNK cells expressing granulysin had reduced to 37.5% after 

PPD stimulation and the constitutive expression had been reduced to a similar 

percentage which may suggest that these cells had spontaneously degranulated. By 

day 7 granulysin was detected in a mean of 44.7% of C04+ and 45.3% of CD8+ T-

40 
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Figure 2.4: Percentage of granulysin and perforin expressing CD4+ (A) and CD8+ (8) T-cells and NK 

cells (C). Expression was evaluated on day 1,4 and 7 after PPD stimulation. Data of unstimulated NK 

cells (C) is shown as there was constitutive expression of granulysin and perforin in NK cells. The 

results are shown as means (n=3) and error bars represent standard deviations. 
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Figure 2.5: Flow cytometric histogram of granulysin and perforin expression in PBMC on 
day 7 following PPO stimulation. The negative control is shown in pink, unstimulated cellsin 
blue and PPO stimulated cells in green. 
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Figure 2.6: Granulysin expression in C04+ and C08+ T-cel1s and NK cells 

6, 7 and 8 days after PPO stimulation. The results are shown as means (n=4) and 

error bars represent standard deviations. 

2.3.3 Granulysin and per/orin expression in T-cells and NK cells/rom ten ND 

Granulysin and perforin was evaluated in T-cells and NK cells in PBMC from ten NO 

including 5 males and 5 females with a mean age of 36 years (24-55 years). PBMC 

were stimulated with PPD and BCG to determine which mycobacterial antigen gave 

the best expression of these two cytolytic markers. In addition, the cells were 

stimulated with IL-2 as a positive control. As IL-2 did not result in an increase of 

CD4+ granulysin or perforin expressing cells in the first five patients, IL-15 was 

employed as an extra positive control in the next 5 patients as it has been shown to 

43 



Univ
ers

ity
 of

 C
ap

e T
ow

n

more 

7 

scatter 

or 

was 

5 

et 

eXl0re:SSlon was seen 

LV':""':." was 

a mean 

1 

m(lUc:e an 

as a 

or no 

mean 

.,uUU,uUUVH was 

to 

same extent as was 

an 

or 

was 

5 

over 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

100 

+ 
.£ 75 til 
2-
~ 
c 
~ 

c..? 
"+ 
'<t 
0 
() 

~ 0 

0 

100 

+ 75 
.£ 
til 
>. 

"S 
c 50 
~ 

S? 
<Xl 25 () 

0 

100 

+ 
.£ 75 
til 
2-
~ 
c 
~ 50 

c..? 
"+ 
<D 
l{) 

25 0 
() 

0 

Granulysin expressing CD4+ T-cells 
from NO 

Unstim Fro BCG IL-2 IL-15 

Granulysin expressing CD8+ T-cells 
in NO 

Unstim Fro BCG IL-2 IL-15 

Granulysin expressing CD56+ NK cells 
in NO 

Unstim Fro BCG IL-2 IL-15 

Fi2ure 2.7: Granulysin expressing T-cells and NK cells in unstimulated (unstim) and 

stimulated PBMC from ten ND. Mann Whitney stats were performed and the results are 

shown as means and error bars represent standard deviations. 
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Figure 2.8: Perforin expressing T-cells and NK cells in unstimulated (unstim) and stimulated 

PBMC from ten ND. The results are shown as means and error bars represent standard 

deviations. 
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Figure 2.9: Representative flow cytometric dotplots showing forward and side characteristics of 

unstimulated (A) and PBMC stimulated with PPD (B), BCG (C), IL-2 (D) and IL-15 (E) from a healthy 

PPD+ adult volunteer. PBMC were stimulated for 7 days with PPD, BCG, IL-2 and IL-15. 
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Figure 3.t : Granulysin expressing cells in CBMC (n=10) and PBMC from vaccinated infants (n=45) . 

Granulysin was not expressed in PPD stimulated T-cells from CBMC but vaccinated infants had a 

significant percentage of granulysin positive T -cells. NK cells constitutively expressed granulysin. The 

box extends from the 25 1h _75 th percentile, the line represents the median, and the whiskers represent the 

minimum and maximum values. 
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Figure 3.2: A representative flow cytometric analysis of granulysin expression in T -cells and NK cells 

from CBMC (A) and PBMC from 10 week-old vaccinated infants (B) analysed after 7 days of in vitro 

PPO stimulation. 

3.3.2 Per/orin expressing cells in CBMC and PBMC from vaccinated infants in 

response to PPD stimulation 

A similar analysis was carried out to detennine the lymphocyte subsets expressing 

perforin in CBMC and 14 infants vaccinated with BCG at birth. Neither T-cells from 

cord blood nor T-cells from PBMC from 10 week-old vaccinated infants expressed 

perforin in the absence of stimulation, but means of 38.7±6.8 and 20.l±6.6% of NK 

cells from CBMC and PBMC from vaccinated infants respectively, constitutively 

expressed the cytolytic marker. As seen with granulysin, PPD stimulation did not 

induce expression of perforin in CD4+ (0.4±0.2%) or C08+ (1.6±0.5%) T-cells from 

cord blood, and the mean percentage of NK cells expressing perforin decreased after 

PPO stimulation to a mean of 21. 9±5.1 %. IL-2 stimulation resulted in an increase in 

the percentage of CD4+ (5.1±2.5%) and C08+ T-cells (l0±3.9) expressing perforin 

but no difference in the percentage ofNK cells expressing perforin (figure 3.3). 
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Figure 3.3: Perforin expressing cells in CBMC (n=\O) and PBMC from vaccinated infants (n=14). 

Perforin was not expressed in PPO stimulated T-cells from CBMC but vaccinated infants had a 

significant percentage of granulysin positive T-cells compared to CBMC. NK cells constitutively 

expressed perforin. IL-2 stimulation resulted in significant difference in the mean percentage ofT-celis 

and NK cells expressing perforin in vaccinated infants compared to CBMC. The results are shown as 

means and error bars represent standard deviations . 
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Figure 3.4: Surface expression of CD25 on CD3+cells from CBMC 

from one donor in the presence and absence of stimu lation 

3.3.3 Granulysin and per/orin expression in CD4+ and CD8+ T-cells from CBMC 

in response to BCG stimulation, and comparison to ND 

CBMC and PBMC from NO were stimulated with Danish BCG for 7 days and 

granulysin and perforin expression was determined within C03+ T-cells. Unlike PPO 

stimulated CBMC, BCG at an MOl of 1: 1 induced an increase in both granulysin and 

perforin expressing T -cells from cord blood. 1 O.9±2.1 % of CD4+ T -cells and 

13±2.5% of CD8+ T-cells expressed granulysin after BCG stimulation (figure 3.5). 

Perforin expression was seen in 7.2±1.4% and 9.3±1.5% of CD4+ and CD8+ T-cells 

respectively (figure 3.6). Thus, although the percentage of cells expressing granulysin 

and perforin was considerably lower than in NO, significant expression was induced 

in both lymphocyte subsets compared to PPD stimulation when BCG was used as a 

stimulant. In contrast, in ND there was no significant difference in the percentage of 

granulysin or perf orin expressing T -cells between PPO and BCG stimulation. 

In order to assess that the MOl of BCG did not result in cell death, 7 AAO was used to 

assess the viability of CBMC after BCG stimulation in three donors. The mean 

percentage of viable cells in unstimulated cells was 99%. Stimulation with PPD and 

IL-2 resulted in approximately 5% and 2% dead cells respectively. BCG infection at 

an MOl of 1:1 had the same number of dead cells as PPD stimulation (5%). In 
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contrast, an MOl of 3: 1 and 5: 1 resulted in the death of 11 % and 17% of CBM C 

respectively (figure 3.7). Therefore an MOl of 1: 1 was optimal. 
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Figure 3.5: Percentage of granulysin expressing T-cells and NK cells in CBMC (CB n= I 0) 

and PBMC from NO (n= I 0) after PPO and BCG stimulation . There was a statistical difference 

in the mean percentage of T-cells expressing granulysin in CBMC after BCG stimulation 

compared with PPO stimulation. This was not observed in T-cells from NO. There was no 

difference in granulysin expression in NK cells from CBMC or NO after PPO and BCG 

stimulation. The results are shown as mean percentages. 
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Figure 3.6: Percentage of perf orin expressing T-cells and NK cells in CBMC (CB n=lO) and 

PBMC from NO after PPO and BCG stimulation. There was a statistical difference in the 

mean percentage of T-cells expressing perforin in CBMC after BCG stimulation compared 

with PPO stimulation. This was not observed in T-cells from NO. There was no difference in 

perforin expressing NK cells in CBMC but significantly more NK cells expressed perforin in 

PBMC from NO after BCG stimulation than PPO stimulation. The results are shown as mean 

percentages. 
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Figure 3.7: 7AAD assessment ofcel! viability ofCBMC stimulated with PPD, IL-2 and BCG 

at different MOl. The results are shown as means and error bars represent standard deviations. 

3.3.4 Effect of the route and strain of the BCG vaccine on granulysin and 

per/orin expression in T-cells and NK cells from PBMC from 10 week-old 

vaccinated infants 

To evaluate whether the strain of BCG, or the route of administration of the vaccine 

affected the extent of cytolytic mediator expression, PBMC from 10 week-old infants 

vaccinated with either Danish (n=14 granulysin and n=3 for perforin) or JID 

administered either intradermally (n=15 for granulysin and n=4 for perforin) or JPC 

(n=16 granulysin and n=7 for perforin) were evaluated for granulysin and perforin 

expression. No significant differences were found in granulysin or perforin (figure 

3.8) expression between Japanese or Danish BCG. In addition, the route of 

administration of the vaccine had no effect on expression of these markers. Thus, in 

contrast to other immunologic assays (Davids et at., 2006) evaluation of cytolytic 

mediator expression did not identify any differences in immunogenicity of the three 

vaccination protocols. 
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Figure 3.8: Granulysin and peforin expression in PPD stimulated T-cells and NK cells of 10 week-old 

infants after BCG vaccination with JID (n=14 for granulysin and n=4 for perforin), JPC (n=16 for 

granulysin and n=7 for perforin) or Danish (DID, n= IS for granulysin and n=3 for perforin). There was 

no statistical difference in the mean percentage of granulysin or perforin expressing cells between the 

three groups. For granulysin analysis the box represents the 25 th _75 th quartile and the horizontal line is 

the median whilst the whiskers are the maximum and minimum values. For perforin analysis the results 

are shown as means and error bars represent standard deviations. 
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3.3.5 Lymphocyte counts pre and post stimulation 

Absolute cell counts were not established after stimulation with PPD in PBMC or 

CBMC. However, although there was expansion of the cells after stimulation as seen 

both microscopically and by flow cytometry forward and side scatter characteristics, 

the percentage of CD4+ and CD8+ T -cells were very similar before and after PPD 

stimulation. In contrast, the percentage of NK cells in the population increased after 

PPD stimulation of PBMC although this was only minimal in CBMC. In the 

vaccinated infants the mean NK cells constituted approximately 1 % of the 

lymphocyte population which increased to 12% after PPD stimulation. Unstimulated 

NK cells from ND constituted a mean of about 8% which was increased to a mean of 

14% (figure 3.9). 
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Figure 3.9: Percentage of lymphocyte phenotypes in lymphocyte populations in CBMC and PBMC 

from vaccinated infants (I Owk) and NO, with and without PPO stimulation. PPO stimulated cells are 

represented by dot filled bars. 
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Fil!ure 4.1 : Kinetics of Granulysin (A) and Perforin (B) expression in T -cells and NK cells of three 

patients with active PTB. Kinetics were performed ex vivo (~O) and after stimulation with PPO for 4 

days (04) and 7 days (07). 

Due to the finding of ex vivo expression of granulysin and perforin in PBMC from 

patients with active PTB, ex vivo granulysin expression was determined in 

unstimulated PBMC from five patients with PTB, and compared with results obtained 

from cultured unstimulated cells on day 7. This was done to investigate whether there 

was spontaneous degranulation during the culture period as the expression of these 

markers would be determined in both unstimulated and stimulated cells after a 7 day 

culture period. Figure 4.2 shows that the percentage of unstimulated T-cells 

expressing granulysin was similar ex vivo and on D7 and, although more unstimulated 

NK cells expressed granulysin after 7 days in culture, this was not significantly 

different (p=0.08). Therefore, in subsequent experiments, granulysin and perforin 
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expression in unstimulated and antigen stimulated cells was evaluated on day 7 as for 

the previous chapters. Figure 4.3 represents a flow cytometric dotplot of in vitro 

unstimulated CD8+ T -cells expressing granulysin on day 7 and demonstrates that the 

percentage of granulysin-expressing CD8+ T-cells increases after 7 days of PPD 

stimulation. Thus, despite ex vivo expression of granulysin within CD8+ T -cells, day 

7 was also optimal for evaluation of granulysin expressing CD8+ T-cells following 

PPD stimulation. 
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Figure 4.2: Granuiysin expression in T-cells and NK cells ex vivo and in 

unstimulated cells in five patients with active PTB on day 7 (07). There was no 

significant difference between granulysin expression in cells ex vivo and in 

unstimulated cells after a seven day culture period. The results are shown as means 

and error bars represent standard deviations. 
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Figure 4.3: A representative flow cytometric dotplot showing that unstimulated CD8+ T-cells 

(A) from a patient with PTB express granulysin on day 7, and the increase in percentage of 

granulysin expressing cells after 7 days ofPPD stimulation (B). 
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granulysin expressing NK cells in unstimulated or PPD stimulated cells from ND or 

patients treated for TB was seen. 
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Figure 4.4: Granulysin expressing T-cells and NK cells from ND (n=IO), from patients with active 

PTB (n=59) and from patients at week 16 of anti-TB therapy (n=57, dotted boxes) . There was a 

significantly greater percentage of PPO stimulated T-cells and unstimulated C04 T-cells from PBMC 

in treated PTB that expressed granulysin than from T -cells from NO. The percentage of PPO stimulated 

NK cells expressing granulysin was significantly greater in PBMC from NO than from PBMC from 

patients with active TB. The box extends from the 25th to 75 th percentile, the line represents the median 

and the whiskers represent the maximum and minimum values. 
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Figure 4.5: Perforin expressing T-cells and NK cells from NO (n=IO), and from patients with active 

PTB (n=59) or after anti-TB therapy (TX TB, n=57). After PPO stimulation there were significantly 

more C04+ T-cells and NK cells expressing perforin from NO than from patients with active PTB. The 

percentage of unstimulated NK cells expressing perforin was also significantly greater in PBMC from 

NO compared to active and treated PTB. The open circles represent unstimulated cells (US) and the 

closed cirles are PPO stimulated cells. The horizontal lines represent the medians. 
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ND DOTS SUB NEB 

CD4+ US 3.S± I. S% (0- 15) 5.2±0.9% (0-15) 5.I±0.7% (0-11) 5.8±0.95 (1-13) 

P=O.09 P=O.OS P=O.07 

CD4+ PPD 35.S±S.5% (13 -66) 54.5±1.9% (9-89) 60.2±6.2% (6-87) 50.7±6.9% (6-91) 

P=O.06 *P=O.OI P=O.I 

CD8+ US 14.4±4.4% (3-41) 21.6±3 % (3-54) 23.I±3% (1-43) 21.7±3.1 % (2-59) 

P=O.06 P=O.I *P=O.OOOI 

CD8+ PPD 39. i±4.5% (i8-6J) 5 1.2±5.1 % (12-84) 59.4±6% (7-86) 50.8±6.1% (7-85) 

P=O.I *P=O.03 P=O.4 

CD56 US SI.4± 7% ( 10-78) 65±5.6% (8-94) 62.3±6.2% (8-94) 62.8±5.9% (1-88) 

P=O.09 P=O.l P=O.I 

CD56 PPD 55 .6±4A% (36-79) 45.4±4.8% (6-77) 56.9±5% (20-96) 45.9±5.4% (7-92) 

P=O.2 P--O.8 P=O.2 

Table 4.1: Percentage of granulysm expressmg T-cells and NK cells m NO and patIents treated wIth 

DOTS (n=21) or DOTS + rlFN-y administered by subcutaneous injection (SUB, n=18) or DOTS + 

rIFN-y administered by a nebuliser (NEB, n=18). P-values represent a comparison of granulysin 

expressing cells between treatments groups and NO only. Data is expressed as a mean and SE with the 

minimum and maximum values in brackets. Statistical analysis was done using Mann Whitney. 

Perforin expressing NK cells in NO and in patients 
after anti-TB therapy 

p=0.001 

100 p=0.008 
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0 0 
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Figure 4.6: Percentage NK cells expressing perforin in PBMC from NO and patients after 16 weeks of 

anti-TB therapy (n=57). There is a statistical difference between the percentages ofNK cells expressing 

perforin after PPD stimulation from ND and from NK cells from patients after 16weeks of DOTS. 

Statistical significance was also observed between stimulated NK cells expressing perforin from NO 

and in patients after NEB. The open squares represent unstimulated cells and the closed squares are 

PPO stimulated cells. The horizontal lines represent the medians. 
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Table 4.2: Per(~entage 

before the commencement of treatment 

16 patl,ents 

was no 

eXf>re!;Sll1lg T -cells and NK cells in active TB 
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no ,,!cPUI1Mi(1; The data is shown as mean peI·ceIltal!.es and SE. Statistical was done 

Kruskal-Wallis non panlllle:tTlC ANOVA. 
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Table 4.3 A: Statistical between eXI)re1lSlI1lg T-cells and NK cells before and 

after treatment with SUB or NEB. The t-test was used to compare baseline and 16 week 

data within arms. No statistical differences in the ofT-cells and NK cells 

were found at V"'''vU''''' and after 16 weeks of treatment in any ofthe treatment groups. 

Table 4.3 B: Statistical between T-cells and NK cells before and after 

treatment with SUB or NEB. The t-test was used to compare baseline and 16 week data 

within arms. No statistical differences in the of T-cells and NK cells PY"rF"""n.cr 

were found at baseline and after 16 weeks of treatment in any of the treatment groups. 
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Figure 4.7: Longitudinal analysis of the percentage of T-cells and NK cells expressing granulysin in 

PBMC from 41 patients at baseline (BL) and after treatment (J6W) with anti-TB chemotherapy. 

Treatment consisted of DOTS alone or DOTS and rlFN-y administered by subcutaneous injection 

(SUB) or DOTS and r1FN-y given via a nebulizer (NEB). There was no statistically significant 

difference in the percentages of T-cells or NK cells expressing granulysin in active PTB and after 

treatment. The open circles, triangles and diamonds represent unstimulated cells and the closed ones 

represent PPO stimulated cells. The horizontal lines represent the medians. 
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Figure 4.8: Longitudinal analysis of the percentage of T-cells and NK cells expressing perforin from 

PBMC from 41 patients at baseline (BL) and after treatment (16W) with anti-TB chemotherapy. 

Treatment consisted of DOTS alone or DOTS and rIFN-y administered by subcutaneous injection 

(SUB) or DOTS and rIFN-y given via a nebulizer (NEB). There was no statistically significant 

difference in the percentages of T-cells or NK cells expressing perforin in active PTB and after 

treatment. The open circles, triangles and diamonds represent unstimulated cells and the closed ones 

represent PPD stimulated cells. The horizontal lines represent the medians. 
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Because PBMC could not be obtained from each patient at all time points, for 

comparison of unpaired data the linear mixed effects model was used, which takes 

into account randomly missing data. P-values <0.05 were considered significant. 

Patients who had been randomised at baseline to receive SUB had a significantly 

higher percentage of C08+ T -cells expressing granulysin after they had received 

treatment (p=0.04). 41.3±5.6% ofC08+ T-cells expressed granulysin at baseline after 

PPO stimulation compared with 59.4±6% of CD8+ T-cells after treatment with TB 

chemotherapy and subcutaneous rIFNy (SUB; figure 4.9). Although not significant 

(p=0.08), there was a considerable increase in the percentage of C04+ granulysin 

expressing T-cells after treatment in SUB group, compared to baseline. There were no 

significant differences from baseline to post treatment in the percentages of granulysin 

or perforin expressing T -cells or NK cells in the other treatment groups, or in the 

comparison of treatment groups amongst each other. 

Granulysin expressing T-cells from PTB patients before 
and after treatment with SUB 

US PPO us PPO us PPD us PPD 

Baseline !=Us! Tx Baseline !=Us! Tx 
CD4+ COO+ 

Figure 4.9: Percentage of granulysin expressing T-cells in PBMC from patients at baseline (BL) and 

after treatment (Post Tx) in the cohort of patients selected for SUB treatment. There was a statistical 

difference in the percentage of granulysin expressing C08+ T-cells after patients had received TB 

chemotherapy plus subcutaneous [FN-y (SUB n=[8) compared to baseline expression (n=\9) after PPO 

stimulation. Although not significant the percentage of C04+ T-cells expressing granulysin after SUB 

treatment was markedly more compared to those at baseline. The results are shown as means and error 

bars represent standard deviations and the mixed effects model was used. 
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4.3.5 CD25 expression on lymphocytes/rom active and treated PTB patients 

Flow cytometric characteristics of forward and side scatter in unstimulated cells was 

different in active and treated PTB compared to that of ND. In the absence of 

antigenic stimulation, two lymphocyte populations were observed, indicative of 

blasts, suggesting possible in vivo activation (figure 4.1 OA). The "blastic" population 

comprised of CD4+ and CD8+ T -cells, and NK cells. The cells were nevertheless 

responsive to PPD stimulation (figure 4.10 B). The expression of CD25 as a measure 

of cellular activation was investigated in unstimulated and PPD stimulated PBMC 

after 7 days in culture, in 6 patients with active PTB and in 18 patients after treatment. 

IL-2 and IL-15 stimulation served as positive controls. In all samples over 95% of 

cells were viable as determined by exclusion of Trypan blue dye after 7 days of 

culture. Figure 4.11 shows that there is a statistically significant difference in the 

percentage of cells expreSSIng CD25 after in vitro stimulation compared to 

unstimulated cells. 18.2±2.6% of unstimulated lymphocytes expressed CD25 

compared to 60.6±3.6% after PPD stimulation, 40.4±5% after IL-2 stimulation and 

59.5±5.96% after IL-15 stimulation. There was no significant difference in CD25 

expression on lymphocytes from patients with active PTB compared to treated PTB 

and no significant differences between the different treatment groups. Interestingly, 

CD25 expression was found in cells in both of the populations seen in figure 4.10. 
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Figure 4.10: A representative flow cytometric dotplot of unstimulated cells (A) and PPO stimulated 

cells (B) from a patient with active PTB showing two populations of cells, which is usually indicative 

of stimulated cells. 
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Figure 4.11: CD25 expression on lymphocytes in unstimulated and stimulated cells after 7 

days in culture from patients with active PTB and from patients after anti-TB therapy (n=24). 

Although 18.2% of unstimulated cells expressed CD25, this percentage increased with 

stimulation. The results are shown as means and error bars represent standard deviations. 

4.3.6 Analysis of ex vivo granulysin, per/orin and CD25 expression in PBMC 

from patients with active and treated PTB 

The preceding experiments had shown that, in the absence of a stimulus, many 

lymphocytes expressed CD25 after 7 days of culture. The following experiments were 

designed to establish whether active TB resulted in in vivo T-cell and NK cell 

activation and cytolytic mediator expression, and to compare with results after 

treatment. Figure 4.12 shows that CD4+ T -cells were activated ex vivo but that CD8+ 

T-cells and NK cells were not. In contrast, ex vivo CD4+ T-cells did not express 

granulysin or perforin but CD8+ T-cells and NK cells did. Previously it was shown 

that CD8+ T-cells and NK cells constitutively express granulysin and perforin and the 

percentage cells expressing this marker was considerably higher in active disease than 

ND. However, expression of the surface activation marker CD25 appeared to be 

inversely correlated with the expression of granulysin and perforin (figure 4.13). 

Thus, NK and CD8+ cells constitutively expressed granulysin and perforin without 

evidence of activation, whereas CD4+ were activated but did not express these 
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mediators. Since CD4+ CTL are known to playa key role in the immune response to 

TB, it is possible that they had degranulated in-vivo and that stimulation with PPD in 

vitro was needed to induce further cytolytic mediator expression. CD25 was 

expressed comparably on CD4+ T-cells from active and treated TB. There was no 

statistical difference between ex vivo CD25 expression for the three treatment groups 

as shown in the box insert of figure 4.12. 
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Figure 4.12: T-cells and NK cells from active PTB (n=3; encircled triangles) and treated patients 

(n= 16) were stained with the surface marker CD25 in order to ascertain whether they were activated ex 

vivo. The horizontal lines represent the medians . The box inserted gives the mean percentage CD25 

expressing T -cells and NK cells of patients who received the different treatment regimens. 
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Figure 4.13: Ex vivo T-cell and NK cell expression of granulysin, perforin and surface CD25 showing 

a high percentage of granulysin and perforin expressing CD8+ T-cells and NK cells and a low 

percentage of CD4+ T -cells expressing these markers (n= 19). In contrast, there was a high percentage 

ofCD4+ T-cells expressing the surface marker CD25 ex vivo but a low percentage ofCD8+ T-cells and 

NK cells expressing CD25. The box extends from the 25 th to 75 th percentile, the line represents the 

median and the whiskers represent the maximum and minimum values. 

In fifteen of the above patients who had received anti-TB therapy, surface expression 

of C025 was assessed on unstimulated and PPD stimulated C08+ T -cells after 7 days 

in culture. In six of these patients C025 and granulysin was determined within C08+ 

T -cells ex vivo and again on day seven of culture. Figure 4.14 shows that CD8+ T­

cells stimulated with PPO express CD25 and that there is a significant difference 

between C025 expression ex vivo and on day 7 (p=O.0005). There was also a 

significant difference in the percentage of C08+ T -cells expressing granulysin at the 

same time-points (p=O.04, figure 4.15). This data suggests that C08+ T -cells 

expressing granulysin and perforin after a 7 day stimulation with PPO are indeed 

actived. The mechanism whereby CD8+ T-cells are activated in response to PPO 

stimulation was then next addressed. 
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Figure 4.14: Surface CD25 expression on CD8+ T-cells ex vivo (US) and after 7 days of PPO 

stimulation. The box extends from the 25th-75th percentile, the line represents the median, and the 

whiskers are the maximum and minimum values (n= \5) 
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Figure 4.15: Granulysin and C025 expressing CD8+T-cells ex vivo (~O) and after 7 days of PPD 

stimulation (07). The results are shown as a mean and standard error (n=6). 

4.3.7 CD8+ T-cells respond to PPD by an indirect mechanism involving IL-15; 

CD4+ T-cells require IL-15 for granulysin expression 

It is well documented that CD8+ T -cells recognise peptide antigens of 9-10 amino 

acids in length presented by MHC class I molecules, and that CD4+ cells recognise 

peptide antigens 15 amino acids in length presented by MHC class II molecules 

(Stenger, 200 1). As PPD is a highly degraded preparation of secreted proteins, 

stimulation of CD8+ T -cells by PPD is an interesting observation and the mechanism 
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Figure 4.16: Abrogation ofPPO stimulated granulysin expressing T-cells by anti IL-15. PPO 

+ IL-15 resulted in more granulysin expressing T-cells whereas PPO + anti-IL-15 resulted in 

an 80% and 76% reduction of C04+ and C08+ granulysin expressing T-cells respectively. 

The results are shown as means and error bars represent standard deviations. 

4.3.8 PPD stimulation induces more granulysin and per/orin expressing T-cells in 

PTB and treated PTB than Ag85 stimulation 

Ag85 complex consisting of A, B and C is a highly cross-reactive antigen found in all 

mycobacterial species. Ag85A is a major component of secreted proteins in the 

culture filtrate of M.tb (Smith et aI., 2000a). The following experiment was designed 
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Figure 4.17: Granulysin (A) and perforin (B) expression in PPO and Ag85 stimulated T-cells and NK 

cells in active TB (plain boxes) and after anti-TB therapy (dotted boxes). PPO stimulation resulted in 

significantly more C04+ T -cells expressing both granulysin and perforin in active and treated TB than 

cells stimulated with Ag85. Although PPO induced more granulysin and perforin expressing C08+ T­

cells and NK cells than Ag85, only PPO stimulated C08+ T-cells in treated PTB had significantly 

more granulysin expressing cells. The box extends from the 25 1h to 75th percentile, the line represents 

the median and the whiskers represent the maximum and minimum values. 
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patIents who were still culture "'''''''"'1<> after 12 weeks of treatment. Data is shown as PPD stimulated 
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standard error and minimum and maximum values are indicated in brackets. 
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Figure 4.18: Cytokine profile in active and treated TB (n=7). Thl (IFN-y, TNF-a, IL-2) and Th2 (IL-

10, IL-4 and IL-5) cytokines were measured in supernatants from PPO stimulated PBMC in the same 

patients before and after treatment. The background consisted of unstimulated cells which were 

subtracted from the stimulated levels. Only IFN-y showed any significant difference before and after 

treatment. 
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Figure 4.19: TNF-a levels in supernatants ofPBMC from treated patients with a high (A, n=12) and 

low (B, n=5) percentage of granulysin expressing T-cells. There was a significant difference in TNF-a 

levels in patients who had a low percentage of granulysin expressing T -cells compared to those who 

had a high percentage of granulysin expressing T -cells. The resu Its are shown as means and error bars 

represent standard deviations. 
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Figure 4.20: Percentage of granulysin (A) and perforin (B) expressing T-cells and NK cells from 

patients with HIV/TB co-infection before (Pre Tx, n= 1 0) and after successful anti-TB therapy (Post Tx, 

n=5). There was a significant difference in the percentage of both granulysin and perforin expressing 

C04+ T-cells from patients with HIV/TB co-infection compared to HIV only. The open circles or 

triangles represent unstimulated cells and the closed circles or triangles are PPO stimulated cells. The 

horizontal lines represent the medians. 
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Figure 4.21: Granulysin (A) and perforin (B) positive T-cells and NK cells from patients with 

HIV after successful treatment for TB (n=5) and in NO (n=lO). There were no significant 

differences in both granulysin and perforin expressing T-cells from patients with HIV 

compared to NO. There was a significant difference in perforin expressing PPO stimulated 

NK cells. The results are shown as means and error bars represent standard deviations. 
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5.2.5 Effect of CTL-mediated lysis of infected macrophages on BCG viability 

Mycobacterial survival was determined using the same PBMC and PEL as the 

cytoxicity assay above. 100~lIwell of lxlO6/ml PBMC were seeded in 96 well plates 

and incubated at 37C for 5 days so as to ensure that the monocytes had adhered and 

had acquired a macrophage phenotype. Non-adherent cells were removed and the 

macrophages were infected with BCG at a MOl of 5:1 for 24 hours. (The 

macro phages were presumed to be at 1 x 1 05/ml as monocytes comprise of 

approximately 10% of mononuclear cells). For infection of adherent macrophages, 

aliquots were thawed and clumps disrupted by passing the bacteria through an insulin 

syringe several times. Mycobacteria were diluted in growth mediwn prior to addition 

to the macrophages. Macrophage infection was confirmed by ZN staining of BCG­

infected macrophages grown on chamber well slides (Nunc, Denmark). After 24 

hours, the cells were washed with warm PBS containing 10% FCS to remove any 

bacteria that did not gain access into the macrophages. Effector PBMC and PEL and 

media alone were added to the infected macrophages at a E:T ratio of 10: 1 in triplicate 

wells for 16 hours. The supernatants of the wells were then removed, triplicate wells 

pooled, and 0.25% sodiwn dodecyl sulphate (SDS, Merck, Darmstadt, Germany) in 

PBS was added to each well to dissolve any residual macrophages. The resultant well 

contents were added to the original pool of well contents. The pooled lysates were 

diluted in 7H9 broth (neat, lO-1 to lO-6) and lOO~1 was plated onto 7Hll plates as 

described above. Colony counts were carried out after three weeks of incubation at 

3TC. In later experiments, this method was modified and lysates were plated onto 

Middlebrook 7H 1 0 agar plates (Falcon, BD Microbiology Systems, Maryland, USA, 

as shown below) for determination of CFU by counting the colonies using an 

Olympus S751 microscope (Olympus Corporation, Hamburg, Germany). Cultures 

were set up in triplicate and plated onto a plate with 6 grids (as shown below), so that 

the average of 6 replicates was determined in each of the triplicate cultures. The CFU 

were enumerated between day 10 and day 14. 

tttttt 

7H 1 0 micro grid agar plate: Cultures were set up in 
triplicates using plates with grids as shown by the figure 
on the left. Each grid comprised of 6x6 squares so for each 
triplicate there were 6 squares each giving a total of 
18 squares for each result. 
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5.3 RESULTS 

5.3.1 CTL derivedfrom pleuralfluid are more cytotoxic to BCG-infected 

macrophages than CTL from peripheral blood 

The cytotoxic potential of PPD-stimulated lymphocytes from PB and PF of four 

patients was assessed by the ability of these cells to lyse BCG infected macrophages. 

In two patients, the stimulated effector PEL were more cytotoxic than CTL generated 

from PB. The percentage of cytolysis by PPO specific effector cells at a E:T ratio of 

10: 1 from PEL was 25% and 49%, compared to 2% and 13% respectively of 

cytolysis by effector cells generated from PBMC. In the other two patients, the 

percentage of cell lysis by effector PEL was comparable to that obtained by effector 

PBMC (26% and 49% lysis by PEL and 22% and 52% CTL from the PB respectively, 

figure 5.1). These results suggest that in some patients PPO-specific effector cells 

generated by stimulation of PEL with PPD are more efficient at killing mycobacterial 

infected macrophages than effector cells from PPO stimulated PBMC. 
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Figure 5.1: Cytolysis of BCG infected macrophages (target cells) by effector primed PBMC (squares) 

and PEL (circles) at an E:T ratios of 0.3 :1, 3:1 and 10: 1. Each set of data is from a single patient and 

data points indicate the percentage of cytolysis of BCG-infected macrophages. 

125 



Univ
ers

ity
 of

 C
ap

e T
ow

n
a 

next expe1~m:lenlt. 

a 

to 

was a 

to 

were 

lJa(~tell1a, it was 

was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

70 

60 

50 

E 
a 
0 40 0 ..--
~ 

E 30 
:3 
u.. 
0 20 

10 

0 

Recovery of CFU after cytolysis of BCG-infected macrophages 
by effector ClL from PB and PF 

Patient 1 Patient 2 Patient 3 

. PBMC 

. PEL 

o RPMI 

Patient 4 

Figure 5.2: Recovery of CFU after cytolysis of infected macrophages by effector PBMC or effector 

PEL. Mycobacterial viability was assessed by CFU counting after a 16 hour exposure to antigen 

specific PBMC and PEL at an E;T of 10: I. RPMI represents no effector cells. There was a technical 

problem with the negative control in the experiment with cells from patient 2. 

5.3.3 Granulysin expression correlates with cytotoxicity of CTL and with a 

reduction of mycobacterial survival 

Granulysin and perforin was determined in T-cells and NK cells of PBMC and PEL 

from 6 patients with active TB. The PEL from two of the six patients were not viable 

after 2 days and had to be discarded. Table 5.1 shows that ex vivo granulysin 

expression in CD4+ T -cells from PB was slightly higher, or the same, as that of PEL 

in the four patients, but that more CD8+ T-cells constitutively expressed granulysin in 

PB (mean of 42.5±8.2%) than in PEL (mean of 27±8%). A mean of 64.5±17.6% of 

NK cells in PB and 74.8± 10.8% ofNK cells in PEL expressed granulysin. 

A very different picture was seen after 7 days of PPD stimulation. The percentage of 

CD4+ T-cells from PBMC expressing granulysin after PPD stimulation was no 

different from unstimulated cells for three of the four patients studied. A similar 
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Patient 1 Patient 2 Patient 3 Patient 4 

CD4 ex vivo PB 18% 14% 7% 14% 

CD4 ex vivo PEL 3% 14% 7% 9% 

CDS ex vivo PB 34% 54% 35% 67% 

CDS ex vivo PEL 11% 27% 21% 49% 

CD56 ex vivo PB 71% 85% 13% 89% 

CD56 ex vivo PEL 80% 86% 43% 90% 

Unstim PPD Unstim PPD Unstim PPD Unstim PPD 

CD4 Day 7 PB 8% 10% 25% 23% 6% 5% 18% 86% 

CD4 Day 7 PEL 4% 45% 7% 37% 5% 73% 7% 51% 

CDS Day7 PB 20% 42% 46% 12% 8% 8% 60% 67% 

CDS Day 7 PEL 12% 68% 21% 40% 11% 67% 27% 68% 

CD56 Day7 PB 66% 83% 78% 32% 11% 10% 79% 78% 

CD56 Day 7PEL 70% 54% 80% 71% 37% 57% 63% 91% 

Table 5.1: Percentage ofT-celis and NK cells expressing granulysin ex vivo, or after PPD stimulation 

of PBMC or PEL from patients with active TB. Unstimulated (unstim) represents background controls. 

Patient 1 Patient 2 Patient 3 Patient 4 

CD4 ex vivo PB 11% 3% 6% 3% 

CD4 ex vivo PEL 0% 2% 1% 1% 

CDS ex vivo PB 31% 33% 14% 31% 

CDS ex vivo PEL 3% 8% 7% 12% 

CD56 ex vivo PB 83% 83% 63% 80% 

CD56 ex vivo PEL 19% 36% 53% 55% 

Unstim PPD Unstim PPD Unstim PPD Unstim PPD 

CD4 Day7 PB 2% 3% 4% 3% 0% 1% 1% 24% 

CD4 Day7 PEL 1% 11% 2% 36% 1% 11% 0% 2% 

CDS Day7 PB 9% 21% 11% 4% 3% 3% 23% 35% 

CD8 Day 7 PEL 1% 38% 4% 26% 4% 17% 1% 17% 

CD56 Day 7 PB 93% 75% 34% 32% 6% 12% 61% 64% 

CD56 Day 7PEL 15% 66% 25% 87% 16% 32% 15% 73% 

Table 5.2: Percentage of T-cells and NK cells expressing perforin ex vivo, or after PPD stimulation of 

PBMC or PEL from patients with active TB. Unstimulated (unstim) represents background controls. 
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Figure 5.3: Granulysin (A) and perforin (B) expressing cells and mycobacteria survival (e) in patient 

3. The percentage of PEL (colour-filled bars) cells expressing granulysin and perforin after 7 days of 

PPO stimulation was higher than the percentage of PBMe expressing these markers. Infected 

macrophages cocultured with effector eTL from pleural fluid, resulted in 46% less eFU than infected 

macrophages cocultured with effector PBMe (e), suggesting that effector PEL are more 

mycobactericidal to BeG-infected macrophages than effector eTL from PBMe. The media represents 

eFU obtained when infected macrophages were cocultured with medium only. 
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Figure 5.4: Granulysin (A) and perforin (B) expressing cells and mycobacteria survival (C) in patient 

4. The percentage of PEL (dotted colour-filled bars) cells expressing granulysin and perforin after 7 

days of PPO stimulation was similar to the percentage of PBMC expressing these markers . Infected 

macrophages cocultured with effector CTL from pleural fluid resulted in almost identical CFU as 

infected macrophages cocultured with effector PBMC (C), suggesting that the mycobactericidal 

potential of effector cells from PEL was the same as that for PBMC. The media represents CFU 

obtained when infected macrophages were cocultured with medium only. 
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Figure 5.5: Intracellular (IC) and surface (S) granulysin expression in C03+ and C03- lymphocytes 

(n=6). Significantly more T-cells expressed intracellular granulysin compared to surface granulysin 

(p=O.04, A) whilst constitutive intracellular granulysin was found in significantly more NK cells than 

surface expression (p=O.03 , B). The box extends from the 25 th to 75 th percentile, the line represents the 

median and the whiskers represent the maximum and minimum values. 

Surface expression Intracellular expression 
CD3+lUnstimulated 0% 4±0.5% 
CD3+IPPD stimulated 0% 14±4% 
CD3-lUnstimulated 0% 34±7% 
CD3-IPPD stimulated 0% 39±5% 
Table 5.3 Perform expressIon m C03 + and C03- lymphocytes of three adult volunteers. No surface 

expression was found, but intracellular perforin is expressed on PPO stimulated lymphocytes. 

Constitutive expression is found mainly on C03- lymphocytes. The mean and SO is shown. 
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Figure 5.6: Kinetics of surface and intracellular granulysin expression on PPD stimulated CD4 T -cells 

(A), CD8 T-cells (B) and NK ce lls (C). Data is from one healthy PPD+ adult volunteer. 
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Figure 5.7: The effect of colchicine on surface granulysin expression (dotted colour-filled bars). 

Intracellular granulysin expression (colour-filled bars) was unaffected by the addition of colchicine but 

the percentage of CD4+ and CD8+ T-cells that expressed granulysin was reduced by 87% and 59% 

respectively. The number ofNK cells expressing granulysin was reduced by 69%. Data is the mean of 

two healthy PPD+ volunteers. 
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Figure 5.8: Lymphocyte proliferation to PPO in the presence of a Golgi blocker (n= I). IOflM 

colchicine was added to unstimulated and PPO stimulated (patterned bars) cells from day 4 to day 7. 

Cell numbers increased from the initial plating of3 million to a maximum of7.1 million. 

Expression of CD1 07a and bon PPD stimulated lymphocytes 
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Figure 5.9: Lymphocyte expression of COlO7a and b in unstimulated (US) and PPO-stimulated cells 

with or without the addition of IOIlM Colchicine (n=2). There was a marked reduction of cells 

expressing this surface marker when colchicine was added to the cultures. 
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5.3.7 Surface granulysin does not result in direct killing of mycobacteria 

Granulysin has been shown to directly kill extracellular mycobacteria (Stenger et ai., 

1998). BCG was added to effector cells with and without colchicine, in order to 

detennine whether surface granulysin was able to directly act on viable mycobacteria. 

There was no statistical difference to BCG viability, as assessed by colony fonning 

units, if unstimulated or PPD stimulated cells were co-cultured with the mycobacteria 

(6560cfulml compared to 6840cfulml respectively). CFU counts of the mycobacteria 

alone resulted in 7040 cfulml whilst PPD stimulated PBMC in the presence of 10!!M 

colchicine had a CFU count of 67 lOc fulm I (figure 5.10). As this is preliminary data 

for one experiment only, it is difficult to interpret these results without optimising the 

experiment. 

Colony forming units recovered 

US PPD PPD+COLCH BCG alone 

Figure 5.l0: The effect of colchicine on BCG survival. There was 

no significant difference in CFU counts between BCG alone and 

BCG co-cultured with unstimulated or PPD stimulated cells, with 

or without the addition of colchicine. Data is in one adult donor. 
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