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Abstract
First discovered in the 1980’s, granulysin has until recently been thought of solely as an 

effector molecule present within cytotoxic immune cell populations, and involved in the direct 

killing of pathogens and infected or transformed eukaryotic cells. However, recent research has 

suggested an additional role of granulysin, in particular the 15 kDa isoform. While 9 kDa 

granulysin is broadly cytotoxic and capable of the direct killing of bacteria and other pathogens, 

the 15 kDa isoform of this molecule has been shown to function as an immune ‘alarmin’, 

causing the maturation and migration of antigen-presenting cells and other cells of the immune 

system. This dual function of granulysin indirectly increases the immune response to an 

infection or tumour, and therefore escalates its importance in the immune system. Here we 

review the different roles of granulysin, both as a cytotoxic molecule, and as a modulator of 

the immune system, and discuss the impact this molecule may have on the response to tumour 

and infection.
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1 Abstract
2 First discovered in the 1980’s, granulysin has until recently been thought of solely as an 

3 effector molecule present within cytotoxic immune cell populations, and involved in the 

4 direct killing of pathogens and infected or transformed eukaryotic cells. However, recent 

5 research has suggested an additional role of granulysin, in particular the 15 kDa isoform. 

6 While 9 kDa granulysin is broadly cytotoxic and capable of the direct killing of bacteria and 

7 other pathogens, the 15 kDa isoform of this molecule has been shown to function as an 

8 immune ‘alarmin’, causing the maturation and migration of antigen-presenting cells and other 

9 cells of the immune system. This dual function of granulysin indirectly increases the immune 

10 response to an infection or tumour, and therefore escalates its importance in the immune 

11 system. Here we review the different roles of granulysin, both as a cytotoxic molecule, and as 

12 a modulator of the immune system, and discuss the impact this molecule may have on the 

13 response to tumour and infection.



14 1. Structure and subcellular location of granulysin
15 Granulysin was first discovered in humans by Jongsta et al. whilst looking for genes which 

16 occurred late after T cell activation(1). Using the technique of subtractive hybridisation, 

17 granulysin was initially identified within CD4+ and CD8+ αβ T cells, where expression was 

18 observed to occur 3-5 days following activation. Several years later, granulysin was also 

19 identified within populations of NK cells, where expression was found to be constitutive(2). 

20 Recently, further research has shown that while granulysin is expressed in virtually all NK 

21 cell subsets, it is found in a higher percentage of CD8+ T cells as compared to CD4+ T cells, 

22 and is also mainly confined to the effector memory subset of these cytotoxic T cells(3). 

23 Granulysin has also been detected in a wide range of additional cytotoxic immune cells, 

24 including NKT cells, CD1-restricted cells and Vδ2+ γδ T cells(4–6). Interesting, granulysin has 

25 recently also been identified in type 1 regulatory T cells, which have been shown to have a 

26 cytotoxic function, allowing them to eliminate both effector T cells and myeloid cells in a 

27 granzyme and granulysin dependent manner(7). 

28 Granulysin has been identified as a member of the saposin-like family of proteins, due to its 

29 conserved 3D structure and sequence homology(2). In particular, it has been found to share 

30 considerable homology with the porcine molecule NK-lysin(8). Linde et al. showed that the 

31 basic residues arginine and lysine were conserved between NK-lysin and granulysin, and 

32 found that these residues were crucial for the antimicrobial activity of NK-lysin, suggesting a 

33 similar function for human granulysin(9). While homologues of granulysin exist in a wide 

34 range of other species, it is important to note that neither granulysin or a functional 

35 homologue is present in mice, which makes examining the in vivo function of this molecule 

36 challenging(10).

37 Human granulysin exists as a 15 kDa molecule, which is subsequently cleaved at both its 

38 amino and carboxyl termini to form a 9 kDa protein(8). The amino terminus of granulysin is 

39 thought to be required for accurate intracellular trafficking of this molecule, and cleavage of 

40 15 kDa granulysin into its cytotoxic 9 kDa isoform only occurs once trafficking to an acidic 

41 cytotoxic granule is complete(8). This strictly regulated trafficking and cleavage exists to 

42 protect the immune cell from autolysis, and the acidic nature of the cytotoxic granule 

43 provides an additional level of protection to the immune cell, as 9 kDa granulysin has been 

44 shown only to be active at neutral pH(11). 

45 Initially, the 15 kDa isoform of granulysin was thought to be merely an inactive precursor of 

46 the cytotoxic 9 kDa isoform of this molecule. This was perhaps partially due to the 



47 difficulties faced in producing large quantities of recombinant 15 kDa granulysin for use in 

48 research. However, recent evidence has suggested that 15 kDa granulysin may have a larger 

49 role in the immune system that first thought. The differences in the location and function of 

50 the two isoforms of granulysin are summarised in table 1. 

51 One significant finding that adds weight to this hypothesis is the fact that 15 kDa granulysin 

52 and 9 kDa granulysin exist in different granules within an immune cell, and require the 

53 activation of different pathways in order to be released from the cell. Initial research by 

54 Clayberger et al. showed through confocal imaging of NK cell populations that 9 kDa 

55 granulysin was co-localised with lysosomal marker CD107a, and the cytotoxic molecules 

56 granzyme B and perforin, and that on activation of NK cell populations, these cytotoxic 

57 granules were released through a granule exocytosis-mediated pathway(12). Conversely, 15 

58 kDa granulysin was shown to exist within a granule of its own, not governed by directed 

59 exocytosis(12). These findings were later confirmed by Lettau et al., who separated granules 

60 containing 15 kDa granulysin and 9 kDa granulysin by density gradient centrifugation(13). 

61 Recently, this group further refined their findings, showing that release of 15 kDa granulysin 

62 requires PKC only, while release of 9 kDa granulysin, in addition to other cytotoxic 

63 molecules, is dependent on calcium(14). This suggests that an immune cell can ‘sense’ which 

64 granule to mobilise and release, dependent on the function the cell wishes to elicit. The fact 

65 that 15 kDa and 9 kDa granulysin are located in different granules within a cytotoxic cell, and 

66 are secreted from the cell through different pathways suggests that 15 kDa granulysin may 

67 have its own role in the immune system. 

68 2. Granulysin function: cytotoxicity 

69 2.1  Granulysin as an antimicrobial molecule 

70 The 5-helix bundle structure of granulysin and its structural homology to NK-lysin - which is 

71 strongly lytic in nature - suggests a cytotoxic function of this protein(15). Research has shown 

72 that helices 2 and 3 are particularly important in eliciting this function. Wang et al. produced 

73 peptides from 9 kDa granulysin, and showed that those peptides corresponding to helices 2 

74 and 3 lysed bacteria, while peptides corresponding to helix 3 alone lysed human cells and 

75 liposomes, suggesting that different parts of the molecule interact with different target 

76 structures(16). However, as reviewed by Dotiwala and colleagues recently, 9 kDa granulysin is 

77 1000-fold more active in the lysis of bacterial cell membranes as compared to lysis of 

78 mammalian cell membranes(11). Just what causes cytotoxic immune cells to release granulysin 



79 in response to microbes remains to be elucidated, although research has shown that a small 

80 lipopeptide present in Mycobacterium leprae is able to induce granulysin expression in T 

81 cells, suggesting recognition of PAMPs may cause induction of granulysin expression in 

82 these cells(17).

83 Granulysin is involved in the immune response to many different pathogens, including 

84 bacteria, parasites, fungi and protozoa. Much research has focussed on the role of granulysin 

85 in the immune response to Mycobacterium tuberculosis, and a strong correlation between the 

86 presence of granulysin and a positive clinical outcome of this disease has been 

87 identified(18,19). Granulysin is capable of killing both extracellular and intracellular M. 

88 tuberculosis. While extracellular bacteria are targeted directly by granulysin through the 

89 ability of this molecule to alter the membrane integrity of a pathogen, increasing membrane 

90 permeability and inducing osmotic lysis of the bacterial cell(4,20), the pore-forming molecule 

91 perforin is required to allow granulysin to target intracellular bacteria, by providing access 

92 into the infected cell(21). Production of de novo 9 kDa granulysin within cytotoxic cells 

93 responding to M. tuberculosis is contact-dependent, through utilisation of nanotube-like 

94 structures produced by the immune cell. Lu et al. showed that this contact caused stimulation 

95 of signalling pathways involving ERK, JNK and p38 MAPKs within NK cell populations, 

96 which led to a 2.2 fold increase in the production of 9 kDa granulysin within these cells(22).

97 Granulysin has been implicated in the immune response to a number of other pathogens. In 

98 addition to M. tuberculosis, this molecule is also involved in the immune response to other 

99 Mycobacterium species, including Mycobacterium leprae. Ochoa et al. showed that 

100 granulysin-expressing CD4+ αβ T cells existed at a 6-fold higher frequency in leprosy lesions 

101 of patients with a contained form of the disease as compared to lesions of patients with 

102 disseminated disease. These CD4+ αβ T cells were found to target M. leprae bacteria through 

103 a granule exocytosis-mediated pathway, and granulysin was found to be responsible for the 

104 reduced viability of these bacteria(23). Populations of CD8+ αβ T cells have been shown to use 

105 granulysin to kill the fungi Cryptococcus neoformans(24), while Vδ2+ γδ T cells expressing 

106 granulysin are pivotal in the immune response against the parasite Plasmodium falciparum. 

107 Farouk et al. showed an in vitro contact-dependent reduction in viability of these malarial 

108 parasites which strongly correlated with granulysin expression(25). 

109 Interestingly, in addition to being involved in the direct killing of pathogen, recent evidence 

110 has also suggested that granulysin is required for the delivery of cytotoxic effector molecules 



111 such as granzymes into an infected cell, allowing these serine proteases to kill through 

112 initiation of the caspase cascade and apoptosis(26). Walch et al. showed that mice transgenic 

113 for human granulysin were better able to clear Listeria monocytogenes infections, and 

114 postulated that this was due to granulysin increasing the delivery of granzymes into Listeria-

115 infected cells(27). 

116 2.2 Additional functions of granulysin

117 While the role of granulysin as an anti-microbial molecule has perhaps been most extensively 

118 studied, this protein also has a number of other functions, which have been reviewed 

119 comprehensively by Krensky et al.(10). Granulysin has been identified as a biomarker for 

120 transplant rejection and steroid resistance(28), and serum levels of granulysin have also been 

121 correlated with severity of graft versus host disease(10). Granulysin, in particular the 15 kDa 

122 isoform, has been associated with a number of skin diseases. In particular, concentrations of 

123 up to 5µM 15 kDa granulysin have been observed in the skin lesions and blisters of patients 

124 with Stevens-Johnson syndrome, suggesting a cytotoxic capability of this isoform of 

125 granulysin(29). Finally, granulysin has been reported in the early pregnancy decidua, and has 

126 been found to be associated with pre-eclampsia(30). Veljkovic Vujakija et al. showed that 85% 

127 of uterine NK cells expressed granulysin, and that granulysin expression in decidual 

128 lymphocytes was two times higher than that seen in peripheral blood lymphocytes, 

129 suggesting a role for this molecule in the control of a broad spectrum of infections at the 

130 maternal-fetal interface(31). Another widely studied role of granulysin is its involvement in the 

131 immune response to cancer. 

132 Table 1: Comparison of the two isoforms of human granulysin

9kDa granulysin 15kDa granulysin

Subcellular location Packaged in cytotoxic granules with 

granzymes and perforin 

Packaged in its own granules 

Cellular release Granule-exocytosis mediated pathway, 

dependent on calcium

Dependent on PKC, spontaneous secretion

Function Antimicrobial molecule

Cytotoxicity 

Immune ‘alarmin’

Maturation of antigen-presenting cells

Migration of immune cells 

Potential cytotoxicity



133 3. Role of granulysin in the immune response to cancer 
134 Many studies have demonstrated the involvement of granulysin in the targeting of tumour by 

135 cytotoxic immune cells, and show a correlation between the presence of granulysin and a 

136 more positive cancer prognosis(32). For example, higher concentrations of granulysin have 

137 been found in gastric carcinoma patients with less advanced cancers (stage II and III) as 

138 compared to those patients with more aggressive disease (stage IV)(33). Additionally, high 

139 serum concentrations of granulysin have been associated with a reduced incidence of both 

140 hepatic and peritoneal metastases, and a better outcome of curative gastrectomy(33). 

141 Interestingly, recent evidence has shown the ability of NK cells to produce extracellular 

142 vesicles containing cytotoxic molecules, including granulysin. When incubated with cancer 

143 cells, these vesicles were shown to cause activation of caspase pathways and eventual 

144 apoptosis of tumour cells(34). 

145 In addition to these observed correlations between the presence of granulysin and improved 

146 outcome, several studies have shown a direct ability of granulysin to kill tumour cells. One 

147 experimental method utilised to show this function of granulysin is the use of mice transgenic 

148 for human granulysin. Krensky et al. generated a mouse transgenic for this molecule, and 

149 showed these mice were better able to reject the T cell lymphoma C6VL than their wildtype 

150 counterparts(10). More recently, Hsiao and colleagues produced a humanised mouse model 

151 through the irradiation of NSG mice, and subsequent transplantation of human umbilical cord 

152 mononuclear cells. Experimentation on this mouse strain showed a reduction of transplanted 

153 tumour growth which was facilitated by granulysin-controlled initiation of apoptotic 

154 pathways(35). Furthermore, serum granulysin levels correlated positively with inhibition of 

155 tumour growth in these humanised mice(35). 

156 3.1.  9 kDa granulysin kills tumour cells directly

157 Generally, the 9 kDa isoform of granulysin is thought to be responsible for killing pathogens, 

158 and infected or malignant cells due to its cytotoxic nature. The way in which 9 kDa 

159 granulysin enters a target cell remains to be elucidated, and a receptor for this molecule has 

160 not yet been identified. While it was initially thought that 9 kDa granulysin would enter a 

161 target cell via pores formed by perforin, recent studies have shown that this may not be the 

162 case. Current hypotheses state that 9 kDa granulysin folds in such a manner as to produce a 

163 positively charged pocket, which can then interact with negatively charged regions on the 

164 infected or transformed cells targeted by cytotoxic immune cells(15,36). 



165 Early work into the mechanism by which 9 kDa granulysin mediated cell death showed that 

166 application of recombinant 9 kDa granulysin to the Jurkat T cell line caused an increase in 

167 ceramide within these cells, coupled with a concomitant decrease in sphingomyelin(37). This 

168 observation was postulated to be due to the ability of recombinant 9 kDa granulysin to cause 

169 activation of sphingomyelinase, which breaks down sphingomyelin into ceramide and 

170 phosphorylcholine. Activation of this enzyme would induce pore formation within the 

171 sphingomyelin-containing plasma membrane, and hence lysis of the target cell(37). However, 

172 cell death was slow, taking place over 16 hours, and subsequent studies have shown 

173 granulysin to induce apoptosis within cells far more rapidly. Additionally, the concentration 

174 of granulysin required to kill these cells (50µM) is far higher than has ever been recorded in 

175 humans, and as such it is likely a second mechanism of action is being utilised by this 

176 molecule to kill target cells(11).

177 This second mechanism of action of 9 kDa granulysin has been shown to be an increase in 

178 intracellular calcium within target cells, and is depicted in figure 1. Studies led by Kaspar et 

179 al. showed that calcium increase led to mitochondrial damage, an increase in cytochrome c, 

180 and eventual activation of caspase 3, initiating apoptosis within the cell(36). Subsequent 

181 research has confirmed this increase in intracellular calcium in response to recombinant 9 

182 kDa granulysin, and has shown the increase to be present in both the cytosol and the 

183 mitochondria. Calcium increase was also coupled with a decrease in potassium, and an 

184 increase in apoptosis inducing factor; both markers of the initiation of apoptosis(38,39). 

185 Interestingly however, it has been shown that recombinant 9 kDa granulysin and cell-

186 delivered 9 kDa granulysin may actually induce apoptosis through different pathways. Saini 

187 et al. showed that while recombinant 9 kDa granulysin induced apoptosis in a manner similar 

188 to granzymes, through damage to the mitochondria and initiation of caspase 3 as discussed 

189 above, 9 kDa granulysin produced and delivered by NK cells caused damage to the 

190 endoplasmic reticulum, leading to initiation of apoptosis through the activation of caspases 7 

191 and 12, without activating caspase 3(40). Researchers postulated that this phenomenon may be 

192 due to the lack of additional cytotoxic molecules perforin and granzymes when recombinant 

193 9 kDa granulysin is used, and suggested therefore that recombinant 9 kDa granulysin was 

194 compensating for the lack of granzymes in this case(40). 

195 Several studies have shown that the 9 kDa isoform of granulysin is responsible for the killing 

196 of tumour cells exposed to this molecule, through mechanisms discussed above. A 2.5 fold 

197 increase in DNA fragmentation coupled with a substantial reduction in proliferation was 



198 observed within mouse adenocarcinoma colon 26 cells cultured with recombinant human 9 

199 kDa granulysin, suggesting an initiation of apoptosis(41). These findings were subsequently 

200 corroborated through transfection of athymic nude mice with the human breast 

201 adenocarcinoma line MDA-MB-231 or the multiple myeloma line NCl-H929. When directly 

202 injected with recombinant 9 kDa granulysin, tumours were seen to cease growing, or indeed 

203 were completely eradicated(42). The apoptosis triggered in these tumour cells in response to 9 

204 kDa granulysin was found to be due to a reduced mitochrondrial membrane potential within 

205 the cells, leading to release of AIF and cytochrome c(43). 

206

207            

208
209 Figure 1: 9kDa granulysin induces target cell death through initiation of the caspase cascade. 

210 On activation, a cytotoxic immune cell releases 9kDa granulysin through a calcium-dependent, granule 

211 exocytosis-mediated pathway. Entry of 9kDa granulysin into a target cell causes an increase in the concentration 

212 of cytoplasmic calcium, coupled with a simultaneous decrease in cytoplasmice potassium. This results in an 

213 increase in apoptosis inducing factor, and subsequent damage to both the endoplasmic reticulum (ER) and the 

214 mitochondria. ER damage causes activation of caspases 7 and 12, while mitochondrial damage leads to 

215 activation of caspase 3. Induction of the caspase cascade in turn activates endonucleases, which eventually leads 

216 to the death of the cell. 

217

218



219 3.2 15 kDa granulysin attracts additional immune cell populations 

220 While 9 kDa granulysin has been shown to have broad cytotoxic activity against both 

221 infected cells and tumour, the role of 15 kDa granulysin is not as well understood. Initially, 

222 this isoform of granulysin was thought to be an inactive precursor; however, research into the 

223 15 kDa molecule of granulysin has shown it may also have a role to play in the immune 

224 response to infection and malignancy(10,44). Evidence shows that 15 kDa granulysin may act 

225 as an immune alarmin, defined as any molecule released by a damaged or diseased cell that 

226 stimulates an immune response(45). Alarmins are endogenous mediators, which induce the 

227 recruitment and activation of antigen-presenting cells, such as dendritic cells, and promote 

228 the generation of the immune response. 

229 Studies investigating the ability of 15 kDa granulysin to act as an immune alarmin have 

230 revealed its involvement in both the maturation and migration of dendritic cell populations, 

231 and have been extensively reviewed by Zitvogel et al.(44). The 2 major functions of 15 kDa 

232 granulysin are portrayed in figure 2. Recombinant 15 kDa granulysin has been shown to 

233 cause the differentiation of monocytes to dendritic cells, in addition to the maturation of 

234 populations of immature dendritic cells. Research by Clayberger et al. showed that in 

235 response to culture with 10nM recombinant 15 kDa granulysin, populations of human CD14+ 

236 monocytes were observed to increase expression of CD80, CD83 and CD86, markers of 

237 dendritic cell differentiation(12). This finding was corroborated by Castiello and colleagues, 

238 who showed that culture of human monocytes with 10nM recombinant 15 kDa granulysin 

239 caused an increase in genes relating to immune response, chemotaxis and cell adhesion 

240 within these monocytes. Furthermore, evidence was shown for the activation of pathways 

241 related to fundamental dendritic cell function within cultured monocytes, including pathways 

242 for T cell activation and Th1 development(46). Clayberger et al. also showed the ability of 

243 recombinant 15 kDa granulysin to cause maturation of human immature dendritic cells. 

244 When 10nM recombinant 15 kDa granulysin was added to cultures of immature dendritic 

245 cells, an increase in expression of CD80, CD86, HLA-DR and CD40 was observed, 

246 indicative of maturation(12). These findings provide evidence for the dual ability of granulysin 

247 within the immune system; in addition to killing cells directly through release of 9 kDa 

248 granulysin, cytotoxic immune cells also release 15 kDa granulysin in order to induce the 

249 maturation of dendritic cells. The maturation of dendritic cells in response to infection or 

250 tumour is crucial for the additional activation of cells of the adaptive immune response to the 

251 pathogen or malignancy, and therefore initiation of both arms of the immune system.



252 15 kDa granulysin has also been shown to cause the migration of several immune cell 

253 populations, including dendritic cells. Studies by Deng et al. reported migration of 

254 populations of memory CD4+ and CD8+ αβ T cells, monocytes, NK cells, and mature, but not 

255 immature, dendritic cells in response to 10nM recombinant 15 kDa granulysin(47). Later 

256 studies by Tewary and colleagues also observed migration of immature dendritic cells in 

257 response to both 10nM recombinant 15 kDa granulysin and granulysin-containing 

258 supernatants taken from cultures of both primary NK cells and HuT78 T cell lymphoma cell 

259 lines transfected with 15 kDa granulysin(45). When 15 kDa granulysin present within 

260 supernatants was inhibited through use of a blocking antibody specific for this molecule, 

261 migration of immune cell populations was diminished, suggesting 15 kDa granulysin to be 

262 responsible for the migration seen(45). Further studies by Tewary et al. showed that 

263 application of 15 kDa granulysin to immature dendritic cells increased the ability of these 

264 cells to cause proliferation of allogeneic T cells. Granulysin-treated dendritic cells were able 

265 to stimulate proliferation of T cells at a dendritic cell:T cell ratio of 1:2500, while dendritic 

266 cells which were not pre-treated with granulysin required a ratio of 1:50 to induce T cell 

267 proliferation(45).

268 A question that remains to be answered however is what 15kDa granulysin uses as a receptor, 

269 and how it can bind to dendritic cells in order to cause their migration and maturation. 

270 Through observations made in previous studies, it appears that many of the effects elicited by 

271 alarmins seem to be mediated by G protein coupled receptors. In fact, both Deng et al. and 

272 Tewary and colleagues showed that the addition of pertussis toxin to immature dendritic cells 

273 prior to treatment with recombinant granulysin abolished the migratory capacity of this 

274 molecule(45,47). Therefore, it can be postulated that granulysin may bind a G protein coupled 

275 receptor.



276             

277 Figure 2: 15kDa granulysin functions as an immune ‘alarmin’. 

278 15kDa granulysin has been shown to function as an immune ‘alarmin’, due to findings which show this isoform 

279 to be capable of induction of the recruitment and activation of antigen-presenting cells, such as dendritic cells, 

280 and promote the generation of the immune response. Panel A depicts the role of 15kDa granulysin in the 

281 maturation of immature dendritic cells, while panel B shows release of 15kDa granulysin by a cytotoxic cell 

282 subsequently inducing the recruitment of additional immune cell populations to a site of infection or 

283 malignancy. 

284

285 The observation made by Deng et al. that mature but not immature dendritic cells could 

286 migrate in response to recombinant 15 kDa granulysin is contrary to what might be expected, 

287 as it would seem that there is little benefit in the recruitment of an already mature dendritic 

288 cell to a site of inflammation. However, studies carried out by our own research group have 

289 added to these findings. We found that 150ng/ml (10nM) recombinant 15 kDa granulysin 

290 induced the migration of mature, but not immature, dendritic cells. However, a higher 

291 concentration of 1µg/ml (66nM) recombinant 15 kDa granulysin was sufficient to initiate the 

292 migration of immature dendritic cells. Interestingly, mature dendritic cells actually appeared 

293 to migrate away from this higher concentration of recombinant 15 kDa granulysin, indicative 

294 of chemorepulsion, or fugetaxis (derived from the Latin words fugere, to flee from; and taxis, 

295 movement) of these cells (Sparrow et al., submitted). Similarly, when we repeated these 

296 experiments using supernatants from the co-culture of anti-tumour Vδ2+ γδ T cells with B 

297 cell lymphoma Daudi or Raji cell lines, which contained granulysin, we found that those 

298 supernatants containing high concentrations of granulysin caused the migration of immature, 

299 but not mature, dendritic cells, in addition to the fugetaxis of mature dendritic cells. 



300 Conversely, supernatants containing low concentrations of granulysin initiated the migration 

301 of mature, but not immature, dendritic cells. 

302 This ability of 15 kDa granulysin to cause both the chemotaxis and fugetaxis of mature 

303 dendritic cells, dependent on concentration, is particularly interesting. Several instances of 

304 the dual capacity of chemoattractants to cause both the attraction and repulsion of the same 

305 immune cells, dependent on concentration, have been reported. IL-8 has been shown to be a 

306 potent chemoattractant for neutrophil populations; however, recent evidence has shown 

307 neutrophils to also migrate away from IL-8. Whether a neutrophil migrated towards or away 

308 from IL-8 was dependent on the absolute concentration of this molecule(48). Using 

309 microfluidic linear gradient generators and time-lapse microscopy, results reported by Tharp 

310 et al. showed that at concentrations of 120nM, neutrophils were seen to migrate towards IL-8, 

311 while at concentrations of 1.2μM, neutrophils displayed potent fugetaxis(48). Other 

312 chemokines reported to cause both chemotaxis and fugetaxis of immune cells include CCL19 

313 and CXCR3 ligands. Malet-Engra et al. showed that while CCL19 acted as a potent B cell 

314 chemoattractant, small populations of B cells were also seen to migrate away from high 

315 concentrations of this chemokine(49), while populations of dendritic cells were observed to 

316 migrate away from CXCR3 ligands, if these ligands were immoblised(50). A similar 

317 phenomenon has been reported for the ability of stromal cell derived factor (SDF)-1 to cause 

318 the attraction and repulsion of T cells. At 100ng/ml, SDF-1 caused chemoattraction of both 

319 naïve and memory CD4+ and CD8+ αβ T cells, while higher concentrations of 10μg/ml 

320 caused repulsion of these cells(51).

321 Experiments carried out by our own research group suggest that granulysin is acting in a 

322 similar manner. While 150ng/ml recombinant granulysin and supernatants containing low 

323 concentrations of granulysin caused the attraction of mature dendritic cells, 1µg/ml 

324 recombinant granulysin, and supernatants containing high concentrations of granulysin 

325 caused the repulsion of these cells (Sparrow et al., submitted). While it has been shown that 

326 the serum concentration of granulysin within healthy individuals is approximately 9ng/ml(11), 

327 which is substantially lower than the concentrations used here, concentrations as high as 

328 75µg/ml have been reported in the blister fluid of Stevens-Johnson syndrome patients(29). 

329 This suggests that higher concentrations of 15 kDa granulysin are possible in sites of 

330 inflammation, such as in response to infection or cancer. We therefore hypothesise that 

331 granulysin acts on both immature and mature dendritic cells in ways that increase the ability 

332 of these cells to carry out their roles within the immune system - recruiting immature 



333 dendritic cells to the site of inflammation and then driving mature dendritic cells to the local 

334 lymph node to stimulate the adaptive immune response.  

335 4. Concluding remarks: The two sides of granulysin
336 Granulysin, initially thought of as an antimicrobial peptide with cytotoxic effects against both 

337 pathogen, and infected or transformed cells, may have a considerably greater role in the 

338 immune response to tumour than first thought. While the 9 kDa isoform is broadly cytotoxic 

339 and has been shown to be capable of the direct killing of tumour cells, the 15 kDa isoform 

340 has recently been implicated in the migration and maturation of additional immune cell 

341 populations to the site of tumour. Therefore, it can be postulated that granulysin is involved 

342 in the immune response to tumour twofold, and this hypothesis is shown in figure 3. 

343 Cytotoxic cells of the innate immune system, such as NK cells, Vδ2+ γδ T cells and CD-1 

344 restricted innate immune cells respond rapidly to tumour, and release 9 kDa granulysin 

345 following activation in response to target via a granule exocytosis-mediated pathway. 

346 Subsequently, 9 kDa granulysin enters the target cell to initiate apoptosis. At the same time, 

347 15 kDa granulysin is constitutively released by these innate cytotoxic cells, and may assist in 

348 bringing additional immune cell populations, including dendritic cells, to the site of a tumour. 

349 Once at a tumour site, immature dendritic cells will endocytose tumour material and then, 

350 with a contribution from granulysin, mature. Once matured, these cells will be repelled by the 

351 high concentrations of granulysin present at the tumour site, and migrate away from this 

352 location. Here, they will be able to pick up the chemokine gradients of CCL19 and CCL21, 

353 allowing them passage to the lymph nodes, in order to activate cells of the adaptive immune 

354 response. These observations open up various possibilities of therapeutically using both 

355 isoforms of granulysin in combination, in order to increase both the immediate immune 

356 response to tumour, in addition to initiation of the adaptive immune response.

357



358     

359 Figure 3: Proposed mechanism of action of the two isoforms of granulysin in response to cancer

360 Cytotoxic innate immune cells, including NK cells, CD1-restricted cells and Vδ2+ γδ T cells are brought to a 

361 tumour target, due to the release of inflammatory chemokines from the tumour cells. Once at the site of tumour, 

362 these cells are activated by tumour antigen, and subsequently release 9kDa granulysin through a calcium-

363 dependent exocytosis-mediated pathway. 9kDa granulysin enters the cell, and elicits its cytotoxic function 

364 through endoplasmic reticulum and mitochondrial damage, dysregulation of calcium and potassium ions, and 

365 eventual initiation of the caspase cascade. 15kDa granulysin is also released in response to activation of innate 

366 immune cells in response to tumour. This isoform acts two-fold; it causes the migration of additional immune 

367 cells, increasing the initial immune response to the tumour. Additionally, 15kDa contributes to the maturation of 

368 immature dendritic cells at the tumour site. Following maturation, dendritic cells migrate to the draining lymph 

369 node, activating circulating CD8+ and CD4+ T cells, and initiating the adaptive immune response to the tumour. 
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