
 1 

Responses of regulatory and effector T-cells to low-dose interleukin-2 differ 1 

depending on the immune environment after allogeneic stem cell transplantation 2 

 3 

Yusuke Meguri, Takeru Asano, Takanori Yoshioka, Miki Iwamoto, Shyuntaro Ikegawa, 4 

Hiroyuki Sugiura, Yuriko Kishi, Makoto Nakamura, Yasuhisa Sando, Takumi Kondo, 5 

Yuichi Sumii, Yoshinobu Maeda, and Ken-ichi Matsuoka 6 

 7 

Department of Hematology and Oncology, Okayama University Graduate School of 8 

Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan 9 

 10 

Conflict of interest: The authors have declared that no conflict of interest exists. 11 

 12 

Address correspondence to Ken-ichi Matsuoka, M.D., Ph.D. 13 

Department of Hematology and Oncology, Okayama University, 2-5-1 Shikata-cho, Kita-14 

ku, Okayama 700-8558, Japan.  15 

Phone: +81-86-235-7227; Fax: +81-86-232-8226  16 

E-mail: k-matsu@md.okayama-u.ac.jp. 17 

 18 



 2 

Key words 19 

Regulatory T cell, Low-dose interleukin-2 therapy, graft-versus-host disease, graft-20 

versus-leukemia effect, transplantation tolerance 21 

 22 

Running title 23 

Low-dose IL-2 early after HSCT 24 

 25 

Notes 26 

Title: 20 words 27 

Running title: 5 words 28 

Abstract: 328 words 29 

Text: 9409 words (Title page, Abstract, Introduction, Result, Discussion, Method, 30 

Legends and references) 31 

Number of figures: 7 32 

Number of references: 46 33 

Report category: Original Research 34 

Research topic: Regulatory T cells in Graft-Versus-Host Disease 35 

  36 



 3 

Abstract 37 

CD4+Foxp3+ regulatory T cells (Tregs) play a central role in the maintenance of immune 38 

tolerance after allogeneic hematopoietic stem cell transplantation (HSCT). Tregs 39 

promptly respond to low concentrations of IL-2 through the constitutive expression of 40 

high-affinity IL-2 receptors. It has been reported that low-dose IL-2 therapy increased 41 

circulating Tregs and improved clinical symptoms of chronic GVHD. Clinical studies of 42 

IL-2 therapy so far have mainly targeted patients in the chronic phase of transplantation 43 

when acute immune responses has subsided. However, the biological and clinical effects 44 

of exogenous IL-2 in an acute immune environment have not been well investigated. In 45 

the current study, we investigated the impact of exogenous IL-2 therapy on the post-46 

transplant homeostasis of T cell subsets which influence the balance between GVHD and 47 

GVL in the acute phase, by setting the various immune environments early after HSCT 48 

in murine model. We initially found that 5,000 IU of IL-2 was enough to induce the active 49 

proliferation of Treg without influencing other conventional T cells (Tcons) when 50 

administered to normal mice. However, activated Tcons showed the response to the same 51 

dose of IL-2 in recipients after allogeneic HSCT. In a mild inflammatory environment 52 

within a threshold, exogenous IL-2 could effectively modulate Treg homeostasis with just 53 

limited influence to activated T cells, which resulted in an efficient GVHD suppression. 54 

In contrast, in a severely inflammatory environment, exogenous IL-2 enhanced activated 55 

T cells rather than Tregs, which resulted in the exacerbation of GVHD. Of interest, in an 56 

immune-tolerant state after transplant, exogenous IL-2 triggered effector T-cells to exert 57 

an anti-tumor effect with maintaining GVHD suppression. These data suggested that the 58 

responses of Tregs and effector T cells to exogenous IL-2 differ depending on the immune 59 

environment in the host, and the mutual balance of the response to IL-2 between T-cell 60 
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subsets modulates GVHD and GVL after HSCT. Our findings may provide useful 61 

information in the optimization of IL-2 therapy, which may be personalized for each 62 

patient having different immune status. 63 

  64 
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Introduction 65 

Allogeneic hematopoietic stem cell transplantation (HSCT) cures hematological 66 

malignancies, however, graft-versus-host disease (GVHD) induced by allo-reactive donor 67 

T cells remains to be a major cause of morbidity after HSCT. On the other hand, 68 

allogeneic immune reaction also provides the beneficial graft-versus-leukemia (GVL) 69 

effects, therefore the preferential suppression of GVHD without sacrificing the GVL 70 

activity is an important goal for HSCT.  71 

Regulatory T cells (Tregs) are critical to self-tolerance (1)(2)(3)(4). In inflammatory 72 

microenvironments, activated effector T cells produce IL-2 which supports the further 73 

expansion of activated effector T cells in a positive feedback loop. Tregs promptly 74 

respond to secreted IL-2 through the constitutive expression of high-affinity IL-2 75 

receptors, and inhibit effector T cells and suppress inflammation. 76 

In the context of allogeneic HSCT, Tregs play a central role in controlling GVHD and 77 

inducing immune tolerance. Initial studies demonstrated that adoptively transferred Tregs 78 

prevented GVHD in mice (5)(6), and, of note, Tregs preserved the GVL activity while 79 

inhibiting GVHD (7). Interestingly, it was shown that CD62L+ or CCR7+ Tregs are more 80 

potent to suppress GVHD than CD62- or CCR7- counterparts presumably due to 81 

facilitating Treg to entering into the lymph nodes as priming sites of GVHD (8)(9)(10).  82 
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From the point of view of the separation of GVHD and GVL, murine and clinical studies 83 

have suggested that Interleukin-2 (IL-2) therapy has the potential to appropriately 84 

regulate post-transplant immunity(11)(12)(13)(14)(15)(16)(17). IL-2 is an essential 85 

cytokine to differentiate and maintain Tregs(18)(19). In 1990s, murine studies and clinical 86 

trials suggested that IL-2 therapy after autologous HSCT or T-cell depleted allogeneic 87 

HSCT could modulate GVHD without reducing the GVL activity (11)(12)(13)(14)(15). 88 

Based on these findings, a phase 1 trial of administering low-dose IL-2 daily in patients 89 

with steroid-refractory chronic GVHD was conducted(16). In the clinical trial, 12 patients 90 

of the evaluable 23 patients had a major response to chronic GVHD symptoms, and the 91 

number of Tregs was preferentially increased in all patients(16). Biological analyses 92 

revealed that low-dose IL-2 induces the selective increase of STAT5 phosphorylation in 93 

Tregs and changes in Treg homeostasis, including increased proliferation, increased 94 

thymic export, and enhanced resistance to apoptosis(17). We also demonstrated that the 95 

expression of programmed cell death 1 (PD-1) has a crucial role in modulating Treg 96 

homeostasis during low-dose IL-2 therapy (20)(21).  97 

Under homeostatic conditions, Tregs constitutively express CD25 but not T conventional 98 

cells (Tcons). Therefore, low-dose IL-2 will selectively promote Treg proliferation. In 99 

contrast, under inflammatory conditions Tcons will also express CD25 and consequently, 100 
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the effect of low-dose IL-2 could not only induce Treg expansion but also Tcons. Thus, 101 

in a context of allo-HSCT, administration of low-dose IL-2 after transplant could induce 102 

proliferation of both cell populations. Previous studies have shown the effect of low dose 103 

IL-2 on increasing the Treg levels mainly in the chronic phase after HSCT 104 

(16)(17)(20)(22)(23)(24). In the chronic phase after HSCT, the acute inflammatory 105 

environment is settling down and Tcons often have reduced expression of CD25. This 106 

allows IL-2 administration therapy to selectively stimulate Tregs that constitutively 107 

express CD25, without stimulating other conventional T cells (17)(25). On the other hand, 108 

the impact of IL-2 administration very early after HSCT has not been well studied. In the 109 

acute phase post-transplant, the host immune environment is often significantly affected 110 

by acute allogeneic responses and CD25 can be expressed on activated effector T cells as 111 

well as Tregs. Since not only Tregs but also activated alloreactive effector T cells can 112 

respond to exogenous IL-2 therapy in the acute phase early after HSCT, more complicated 113 

environmental factors can influence the in vivo effects of low-dose IL-2 therapy.  114 

Here we have investigated the impact of low-dose IL-2 therapy on T cell subsets and on 115 

the balance between GVHD and GVL in the acute immune environment by using the 116 

murine BMT model.  117 

  118 
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Results 119 

Low-dose IL-2 selectively stimulates Tregs both in human and mouse in the steady-120 

state 121 

Murine and human Tregs were defined as CD4+CD25highFoxp3+ and 122 

CD4+CD25highCD127low cells, respectively (Figure 1A). The levels of STAT5 123 

phosphorylation in each CD8+ T, CD4+ Tcons and Treg subset after in vitro or in vivo 124 

exposure with various concentrations of IL-2 was assessed by flow cytometry. As shown 125 

in the top panels of Figures 1B and C, high concentrations of IL-2 induced STAT5 126 

phosphorylation in all murine T cell subsets, but lower concentrations of IL-2 induced 127 

STAT5 phosphorylation only in Tregs. Similar results were obtained in human 128 

lymphocytes (the middle panels of Figures 1B, C). We also showed that single injection 129 

of 5,000 IU of IL-2 into normal C57BL/6 (B6) mice optimally induced STAT5 130 

phosphorylation selectively in Tregs, but not in Tcons and CD8 T cells (the bottom panels 131 

of Figures 1B, C).  132 

Then, we treated mice by daily administration of various doses of IL-2 for 7 days, and 133 

assessed the cell proliferation by the expression of Ki-67 in each T cell subset. The results 134 

showed that 5,000 IU of IL-2 is enough to induce the active proliferation of Treg without 135 

influencing other CD8+ T cells and CD4 Tcons (Figure 1D). To assess whether the 136 
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proliferated Tregs could maintain their suppressive activity, we performed in vitro 137 

suppression assay and confirmed that Tregs from IL2-treated mice maintained the 138 

equivalent suppressive function as compared to Tregs from control mice (Figures 1E, F). 139 

These results suggest that this dose of IL-2 could be appropriate for Treg-oriented 140 

immune therapy models those are relevant to clinical low-dose IL-2 therapy. 141 

 142 

Effect of Low-dose IL-2 on in-vivo proliferation of T cell subsets  143 

To evaluate the effects of exogenous IL-2 on T cell subsets homeostasis in vivo in each 144 

syngeneic or allogeneic environment, we next performed the adoptive transfer 145 

experiments. We stained CD45.1+ B6 spleen cells with cell trace violet-dye and 146 

adoptively transferred them into irradiated CD45.2+ B6 syngeneic recipient mice or 147 

irradiated B6D2F1 allogeneic recipient mice. Thereafter, we administrated 5000 IU of 148 

IL-2 or vehicle once a day for 5 days and assessed the cell proliferation of donor-type 149 

CD8 T cells, Tcons and Tregs by the dilution of violet dye. Expression levels of CD62L 150 

on each subset were also examined. 151 

The syngeneic transfer experiment showed that the short-term administration of IL-2 had 152 

initiated selective Treg increase (Figures 2A, C). Highly proliferated Tregs after IL-2 153 

treatment maintained significantly more proportions of CD62L+ cells than vehicle-treated 154 
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group (Figure 2C upper panel). CD8 T cells and Tcons did not show any difference 155 

between vehicle and IL-2 treated groups. These data suggest that the effects of low-dose 156 

IL-2 therapy on cell proliferation and CD62L expression in Treg is clearly distinct to other 157 

CD8 T cells and Tcons.  158 

In contrast, the allogeneic transfer experiment showed that all T cell subsets, including 159 

Treg, aggressively proliferated and lost CD62L expression in both vehicle- or IL-2-treated 160 

groups.  161 

 162 

Effect of Low-dose IL-2 on T cell activation and proliferation in the allogeneic 163 

system 164 

To evaluate the effect of low-dose IL-2 on the outcome of allogeneic HSCT, we 165 

established the murine model, which reflects clinical low-dose IL-2 therapy for patients 166 

with GVHD. Spleen cells from CD45.1+ B6 mice together with T-cell-depleted bone 167 

marrow (TCD-BM) from CD45.2+ B6 mice were transplanted to lethally irradiated 168 

B6D2F1 recipient mice and low-dose IL-2 were administrated once a day from day5 to 169 

day20 (Figure 3A). Chimerism and cell activation of each T cell subset in spleen was 170 

evaluated weekly for the first month after BMT. 171 

First, we checked the chimerism of each T cell subset in the experimental HSCT system. 172 
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The data demonstrated that most of T cells in the first 3 weeks after BMT were derived 173 

from mature T cells involved in the donor graft. Thereafter, the graft-derived cells were 174 

replaced by bone marrow derived cells after 4 weeks of BMT (Figure 3B). 175 

Then we examined the body weight, clinical GVHD score, and CD25 expression on CD8 176 

T cells and Tcons (Figure 3C, Supplemental Figure 3). CD25 is the IL-2 receptor alpha 177 

and reflects cell activation. GVHD score peaked at week 1 with body weight loss, and 178 

then gradually recovered until week 3. The expression of CD25 on CD8 T cells and Tcons 179 

was increased during weeks 1 and 2, and decreased thereafter. These results suggest that 180 

the first 3 weeks, when the majority of each T cell subset is derived from graft cells, could 181 

be further subdivided into 2 phases; the phase of acute immune responses in the early 182 

after transplantation (week 1 to 2, painted by deep orange) and the following phase of 183 

recovering from the aggressive immune environment (week 2 to 3, painted by light 184 

orange) (Figures 3B, C). To assess cell activation and proliferation of CD8 T cells and 185 

Tcons by IL-2 treatment immediately after transplant, we administered 5000 IU IL-2 for 186 

7 days from the day of BMT (Figures 3D, E). When 0.5 million allogeneic spleen cells 187 

were transplanted and 5000 IU of IL-2 was daily administered to the recipients, IL-2 did 188 

not increase CD25 expression on CD8 T cells and Tcons (Figures 3D, E). In contrast, 189 

when 5 million allogeneic spleen cells were transplanted and IL-2 was daily administered, 190 
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IL-2 significantly increased CD25 expression on these cells (Figures 3D, E). However, 191 

IL-2 treatment with further reduced doses did not promote cell proliferation of CD8 T 192 

cells and Tcons even after the transplantation of 5 million allogeneic spleen cells (Figure 193 

3F). On the other hand, Tregs showed very active proliferation in the acute phase after 194 

HSCT even without IL-2 therapy (Figure 3F). These data demonstrated that IL-2 195 

administration within the first week immediately following HSCT may enhance the 196 

activity of CD8 T cells and Tcon without affecting Treg homeostasis, thus suggesting it 197 

could have the opposite effect on tolerance induction. 198 

 199 

Effect of Low-dose IL-2 on T cell differentiation status in the allogeneic system 200 

Based on the above findings, we scheduled 5000 IU IL-2 administration in this 201 

experiment from Day 5 (week 1) to Day 20 (week 3), avoiding the 4 days immediately 202 

following BMT. First, to assess the homeostasis of T cell subsets through the first 3 weeks 203 

after allogeneic transplant, we evaluated the expression of differentiation markers, 204 

inhibitory co-stimulating molecules, and chemokine receptors (Figures 4A-D). Lethally 205 

irradiated B6D2F1 mice were transplanted with CD45.1+ 5 × 106 spleen cells and 5 × 106 206 

TCD-BM from B6 mice, treated with vehicle or IL-2 from day5, and sacrificed at day 14 207 

(week 2) and day 21 (week 3) for analyses. Our data demonstrated that CD8 T cells and 208 
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Tcons sharply expanded with CD44+CD62L- effector/memory phenotype in IL2-treated 209 

mice at day 14 (Figures 4B, Supplemental Figure 2). However, the extended IL-2 210 

administration resulted in the contraction of these effector T cells at day 21 (week 3). In 211 

contrast, Tregs expanded with CD44-CD62L+ naïve- or CD44+CD62L+ central/memory-212 

phenotypes in IL2-treated mice at day 21 (Figures 4A, B).  213 

We quantified the expression of co-stimulatory molecules as well as migration markers 214 

on Tregs at week 3 (Figure 4C). Of these, CTLA-4 (mean fluorescence intensity 6.61 vs 215 

9.92, p < 0.001), LAG-3 (1.73 vs 2.17, p = 0.04), and ICOS (2.41 vs 3.84, p < 0.001) 216 

were up-regulated with IL-2 therapy, although the expression of chemokine receptor 217 

CCR4 and CCR7 did not change. We also quantified the expression of them on Tcons and 218 

CD8 T cells. GITR (12.5 vs 18.7, p = 0.02) on Tcons was up-regulated with IL-2 therapy, 219 

which was not up-regulated on Tregs. LAG-3 on CD8 Tcells (4.01 vs 5.30, p = 0.02) was 220 

also up-regulated, as it on Tregs. 221 

 222 

IL-2 therapy provides different effects depending on the immune environment when 223 

it is administered 224 

To assess the clinical effect of low-dose IL-2 therapy, we treated the lethal GVHD 225 

preclinical model, in which model B6D2F1 mice were lethally irradiated and transplanted 226 
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with 5 million spleen cells and 5 million bone marrow cells from B6 mice and then 5000 227 

IU of IL-2 was administered day 5 to day20 (Figure 5A). CD4+Foxp3+ Tregs, measured 228 

as % of all CD4+ T cells, were more abundant at day 21 in animals treated with IL-2 229 

(Figure 5B). To compare the clinical impact of IL-2 therapy in the different inflammatory 230 

conditions after BMT, two different irradiation settings (10 Gy and 13 Gy) were prepared. 231 

Recipients irradiated with 13 Gy showed the significantly shorter survival with the higher 232 

GVHD score than those irradiated 10 Gy in both vehicle treated and IL-2 treated groups. 233 

When recipient mice were irradiated 10 Gy, survival was significantly longer in mice 234 

treated with IL-2 than in mice treated with vehicle (Figure 5C). The latter developed 235 

severe GVHD with significantly higher clinical scores than IL-2-treated recipients from 236 

day 35 and thereafter (Figure 5D). In contrast, when recipient mice were irradiated 13 Gy, 237 

the early developed GVHD showed higher mortality with more severe GVHD scores in 238 

IL-2 treated recipients than vehicle treated recipients (Figures 5C, D). The representative 239 

pathological findings comparing between these arms at week 5 are observed in liver 240 

histology (Figure 5E). In 10 Gy setting, more infiltration of lymphocytes and neutrophils 241 

were observed in vehicle-treated mice than IL-2-treated mice. In 13 Gy setting, the cell 242 

infiltration was observed in both groups but larger necrotic foci and bile duct injury were 243 

observed in IL-2-treated mice. These suggest that IL-2 may provide opposite effects 244 
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depending on the immune environment when it is administered. IL-2 therapy ameliorates 245 

clinical GVHD in the mild inflammatory state but it may even exacerbate GVHD in the 246 

intense inflammatory state. 247 

 248 

IL-2 therapy ameliorates clinical GVHD without sacrificing the GVL activity in the 249 

mild inflammatory state 250 

To assess the clinical effect of IL-2 therapy for recipients with active tumor, recipient 251 

B6D2F1 mice were irradiated with 10 Gy, and transplanted with 5 × 106 spleen cells and 252 

5 × 106 TCD-BM from B6 (syngeneic) or B6D2F1 (allogeneic) mice, along with 2.5 × 253 

104 P815 (H-2Kd) cells expressing luciferase (Figure 6A). IL-2 or control vehicle were 254 

then administered from day 5 to day 20, and monitored body weight, clinical GVHD score, 255 

and survival. Tumor burden in each mouse was also quantified weekly by 256 

bioluminescence imaging as described in Methods.  257 

All syngeneic group mice died by tumor before week 4 and allogeneic transplanted mice 258 

survived significantly longer (Figure 6B). Bioluminescence imaging study demonstrated 259 

that syngeneic group mice had high tumor burden at week 2 while allogeneic group mice 260 

appeared to clear tumor cells (Figures 6E, F). Density of photons was equivalent between 261 

IL2-treated allo-recipients and control allo-recipients, suggesting IL-2 therapy did not 262 
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sacrifice the GVL activity. Allogeneic transplanted mice treated with IL-2 had 263 

significantly lower GVHD scores and better recovery of body weight than those with 264 

treated with control vehicle (Figures 6C, D, G).   265 

 266 

IL-2 therapy enhances the GVL activity without causing clinical GVHD in the 267 

immune-tolerant state 268 

To evaluate the impact of IL-2 on the GVL activity more precisely, we tested the anti-269 

tumor effect in less inflammatory transplant setting with reduced splenocytes (1×106) and 270 

increased tumor cells (1×105), because this experimental setting minimizes the impact of 271 

GVHD on survival and can focus primarily on the GVL activity (Figure 7A). In fact, in 272 

this transplant setting, recipient mice did not show the significant features of clinical or 273 

pathological signs of GVHD, irrespective of IL-2 treatment (Figures 7C, D, G). 274 

Bioluminescence imaging study demonstrated that most of IL2-treated allo-recipients 275 

appeared to clear tumor cells while half of control allo-recipients still bore tumor cells at 276 

week 3 (Figures 7G, F). Density of photons was significantly lower in IL2-treated allo-277 

recipients than in control allo-recipients (Figure 7E). These data indicate that IL-2 therapy 278 

may enhance the GVL activity without exacerbating GVHD in the immune-tolerant state. 279 

  280 
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Discussion 281 

Tregs promptly respond to low concentrations of IL-2 through the constitutive expression 282 

of high-affinity IL-2 receptors. In contrast, conventional T cells (Tcons) do not express 283 

CD25 in the steady-state, however, they also express CD25 after activation and become 284 

responsive to endogenous and exogenous IL-2 in the inflammatory environment. The 285 

experimental and clinical studies of IL-2 therapy so far have mainly targeted normal mice 286 

in a steady-state or patients in the chronic phase of transplantation, and therefore the 287 

effects of exogenous IL-2 on the acute phase when acute immune responses are ongoing 288 

have not been fully investigated. In the current study, we demonstrated that the balance 289 

between responses of Tregs and effector T cells to exogenous IL-2 differ according to the 290 

activity of the immune state in the host. The biological effects of exogenous IL-2 on each 291 

T subsets modulate GVHD and GVL in recipients after HSCT. Our results may provide 292 

useful information in the optimization of IL-2 therapy, which may be personalized for 293 

each patient having different immune status. 294 

First, we performed the titration of IL-2 dosage to find the suitable dose that selectively 295 

activates Tregs but not CD8 T cells or Tcons (Figure 1). In both murine and human 296 

lymphocytes, we confirmed that a high dose of IL-2 stimulated not only Tregs but also 297 

other conventional T cells, in contrast, lower doses of IL-2 could stimulate Tregs 298 
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selectively (Figures 1B, C). By administering different doses of IL-2 to mice in the 299 

steady-state, we checked the effect of IL-2 less than 5000 IU on cell proliferation and 300 

found 5000 IU was appropriate (Figure 1D). In vivo IL-2-expanded Treg showed the 301 

equivalent potential to suppress effector T cells in vitro (Figures 1E, F).  302 

Next, to consider the impact of the immune environment of recipients on cell proliferation 303 

after 5000 IU IL-2 administration, we performed the adoptive transfer experiment (Figure 304 

2). When lymphocytes were transferred to syngeneic recipients followed by IL-2 305 

administration, IL-2 promoted Treg proliferation as compared to vehicle treatment. In 306 

contrast, when lymphocytes were transferred to allogeneic recipients followed by IL-2 307 

administration, the benefit of IL2 administration was abrogated when administered to 308 

mice with intense allogeneic stimulation. This clearly indicated that not only the dosage 309 

of IL-2 but also the in vivo immune environment of the recipient when IL-2 was 310 

administered is important to obtain the expected immune response by IL-2 therapy. 311 

Then, considering the case that IL-2 is administered to recipients under the intense 312 

allogeneic environment, we investigated changes in the clinical and immune status of 313 

recipients in the acute phase after allogeneic HSCT (Figures 3A-C). In the first week, 314 

each T cell subset including Treg contained the host-derived residual population and those 315 

disappeared in week 2 (Figures 3B, Supplemental Figure 1). Main compartments of each 316 
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lymphocyte were derived from mature cells in the graft during the first 3 weeks, and 317 

newly-differentiated lymphocytes from bone marrow emerged from week 4 (Figure 3B). 318 

During the period, clinical GVHD severity and effector T activation was peaked 1 week 319 

after HSCT and contracted thereafter (Figure 3C, Supplemental Figure 3). To investigate 320 

the possibility of IL-2 administration in the first week when the intensity of the allogeneic 321 

environment peaks, we initiated IL-2 administration just after HSCT under various 322 

experimental conditions with different infusion cell numbers and IL-2 doses (Figures 3D-323 

F). The results demonstrated that 5000IU IL-2 administration to mice early after receiving 324 

5 million allogeneic spleen cells increased CD25 expression on CD8 T cells and Tcon 325 

cells, and promoted their proliferation. This suggests that IL-2 therapy soon after HSCT 326 

could further enhance aggressive effector T cell immunity. On the other hand, CD25 327 

expression and proliferation of Tregs were almost not influenced by IL-2 therapy in this 328 

phase. The immune microenvironment is considered to be filled with abundant IL-2 329 

produced by activated donor T cells in addition to other inflammatory cytokines soon 330 

after HSCT. Our data suggest that Treg proliferation has already ridden to the limit in 331 

response to the increased endogenous IL-2 and there was no room for exogenously-332 

administered IL-2 to further increase Treg proliferation. Collectively, these data indicate 333 

the possibility that IL-2 therapy very early after HSCT has the opposite effect of its 334 
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original purpose of suppressing GVHD. 335 

As shown in figure 3B and supplemental figure 1, we observed that host-type residual 336 

Tregs remained on week 1 and they almost disappeared on week 2. Previous studies 337 

demonstrated that Tregs are more resistant to irradiation than conventional T cells and 338 

thus host-type residual Tregs can survive and expand after allogeneic HSCT with TBI-339 

based conditioning (26)(27). Importantly, it has been also shown that exogenous IL-2 340 

therapy soon after HSCT can promote the expansion of host-type Tregs which contributes 341 

to the suppression of donor effector T cells (28). These studies suggest the effect of IL-2 342 

therapy on the homeostasis of host-type Treg soon after HSCT. Further studies to address 343 

the role of host Tregs in IL-2 therapy in the acute phase are warranted. 344 

Based on the finding in Figure 3, we administered IL-2 to the allogeneic HSCT recipients 345 

from day 5 to day 20, avoiding the very acute days after HSCT, and analyzed the 346 

lymphocyte recovery in detail (Figure 4). IL-2 administration up to the second week, 347 

when the background immune environment was still intense, promoted expansion of 348 

effector-memory CD4 and CD8 CTLs, but did not significantly affect the number of Tregs. 349 

Extended IL-2 administration after the second week, when immune intensity has 350 

decreased, promoted the expansion of naive and central-memory Tregs and the 351 

contraction of CTLs (Figures 4A, B). Phenotypically, expanded Tregs highly expressed 352 
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PD-1 and also increased the expression of the other suppressive immune checkpoints by 353 

IL-2 administration (Figures 4C-E). These data again suggest that the background 354 

immune condition has major impacts on the in vivo effects of exogenous IL-2. In our 355 

previous study, we reported that PD-1 has a critical role to modulate Treg homeostasis 356 

during IL-2 therapy by using a non-transplant model (20). In the current study using the 357 

allo-HSCT model, PD-1 expression on Treg appeared to already rise to the limit with or 358 

without IL-2, and IL-2 administration did not further increase the expression. However, 359 

the expression of other inhibitory molecules such as CTLA-4 and ICOS were 360 

significantly increased in the IL-2 group, suggesting the multiple inhibitory molecules 361 

might be involved in the regulation of Treg homeostasis in IL-2 therapy for inflammatory 362 

hosts after allo-HSCT.  363 

We previously demonstrated that IL-2 administration increased CD62L+ central-memory 364 

Tregs by using a non-transplant model (20). The data from the current study showed the 365 

IL-2 administration also resulted in the increase of same Treg subpopulation in an allo-366 

HSCT model as well (Figures 4A, B). In general, CD62L plays important role in 367 

lymphocyte migration to second lymphoid organs. In allogeneic HSCT, CD62L+CCR7+ 368 

naive T cells, but not CD62L-CCR7- memory T cells, migrate to lymph nodes, interact 369 

with antigen-presenting cells there, and are activated and converted to allo-reactive 370 
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CD62L-CCR7- effector T cells (29)(30)(31)(32)(33). On the contrary, CD62L naive or 371 

central-memory Tregs enter to lymph nodes from periphery or inflammatory sites, and 372 

inhibit the priming of effector T cells (8)(9)(10)(34). Indeed, CD62L Tregs in allografts 373 

were found to be associated with lower GHVD risk in a clinical trial (35). Our data 374 

suggest that IL-2 therapy may not only increase the number of Tregs, but also alter the 375 

dynamics of migration, thereby promoting GVHD suppression. 376 

Then, we investigated how the biological effects of exogenous IL-2 on lymphocyte 377 

subsets in the acute phase, which were shown in Figures 2-4, lead to overall survival after 378 

HSCT (Figure 5). In general, higher doses of TBI can cause extensive damage and 379 

activation in host tissues, which release inflammatory cytokines and enhance recipient 380 

MHC antigens, leading to the increased risk of acute GVHD (36). To examine the impact 381 

of the immune environment in IL-2 therapy soon after HSCT, we conducted HSCT with 382 

the two different TBI settings. Our data showed that IL-2 therapy provided opposite 383 

effects depending on the immune environment caused by different TBI doses (Figures 384 

5C-E). It is considered that intense inflammatory condition induced by high doses of TBI 385 

(13 Gy) could increase IL-2-induced effector T cell (Teff) expansion to the unallowable 386 

levels during the first 2 weeks after HSCT (Figures 5C, D). In contrast, mild inflammatory 387 

condition by lower doses of TBI (10 Gy) may not promote the IL-2-induced Teff 388 
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expansion and lead to an improvement in overall survival through subsequent Treg 389 

expansion (Figures 5C, D). Histopathological findings also indicated that IL-2 appeared 390 

to suppress infiltration of effector T cells to the target tissue at low dose settings, whereas 391 

IL-2 promoted tissue damage at high dose settings (Figure 5E). These data again suggest 392 

that the host immune environment has important role for the immune modulation by IL-393 

2 therapy early after HSCT. 394 

To consider the effect of IL-2 therapy on the GVL activity, we conducted HSCT for the 395 

recipients bearing cancer cells (Figure 6). Our data demonstrated that IL-2 therapy 396 

suppressed GVHD and improved the overall survival without the evidence of cancer 397 

growth until week 6 (Figures 6E, F), suggesting that IL-2-expanded Treg under mild 398 

inflammatory conditions did not interfere with the GVL activity. 399 

Lastly, we examined the role of IL-2 therapy in the immune-tolerant state after HSCT 400 

(Figure 7). We performed HSCT with reduced graft cells and reduced TBI, which resulted 401 

in status without any clinical and pathological GVHD. IL-2 therapy prevented tumor 402 

progression, presumably due to the early expansion of effector T cells promoted by IL-2. 403 

Previously, it was reported that the prolonged infusion of low-dose IL-2 after HSCT could 404 

suppress tumor relapse without developing GVHD (14). Patients included in the clinical 405 

study were after autologous and T cell-depleted allogeneic bone marrow transplantation 406 
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and did not have ongoing GVHD at the start of IL-2 therapy, thus it is thought that the 407 

patients were in the immune-tolerant state. Our murine data in the current study appear 408 

to be consistent with the previous clinical observation. Recent advances in T-cell-409 

depletion therapy such as post-transplant cyclophosphamide have made it possible to 410 

maintain a long-term immune stable state, but on the other hand, the development of a 411 

GVL initiator for cases having a high risk of relapse is expected (37)(38)(39). IL-2 may 412 

have the potential for such roles, depending on the immune status of patients. 413 

Collectively, the data of the current study suggests that IL-2 therapy after allogeneic 414 

HSCT could provide various clinical effects depending on the immune status of the host. 415 

In a mild inflammatory environment that endogenous IL-2 is thought to be not sufficient 416 

for Treg to be fully activated, exogenous IL-2 can effectively modulate Treg homeostasis 417 

to exert an efficient suppressive function. In an immune-tolerant state that endogenous 418 

IL-2 is thought to be not sufficient for effector T cells to be fully activated, exogenous 419 

IL-2 can trigger Teff to exert an anti-tumor effect. However, in a severely inflammatory 420 

environment that is already filled with abundant endogenous IL-2, such as immediately 421 

after transplant, it appears to be hard to find merits administering IL-2 in terms of both 422 

GVHD suppression and GVL enhancement. These results mean that we need to pay 423 

attention to the immune status of the host in the clinical IL-2 therapy. Of note, the levels 424 
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of T cell activation after HSCT have been changing over time and thus the biological 425 

effects of exogenous IL-2 have been changed even during receiving IL-2 therapy. 426 

The differences in the kinetics of CD25 expression between Tcon and Treg early after 427 

HSCT appears to be important to interpreting the various clinical effects resulting from 428 

exogenous IL-2 therapy. CD4+ and CD8+ Tcons can be distinguished from Tregs by the 429 

expression of Foxp3, CD25, and CD127 (1)(4)(40). Tregs constitutively express CD25, 430 

IL-2 receptor alpha, and are maintained by the physiological concentration of IL-2 in the 431 

steady-state (18). CD25 expression on Tregs was maintained at the high levels through 432 

the acute phase after HSCT in the current study (data not shown). In contrast to Tregs, 433 

resting Tcons do not express CD25 in the steady-state and increase the expression after 434 

cell activation. The activation of Tcons is maximized by autocrine IL-2/IL-2 receptor 435 

signaling. Therefore, the differences in CD25 expression between Tregs and Tcons can 436 

significantly alter from acute to chronic phases after HSCT, leading to the various clinical 437 

effects of IL-2 therapy.  438 

The concept that the effect of immunotherapy could depend on the immune environment 439 

of the host is also shown in immune checkpoint blockade therapy. A recent study 440 

demonstrated that the PD-1 expression balance between Treg and Teff cells could 441 

determine the clinical efficacy of PD-1 blockade therapies (41). In order to selectively 442 
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make various immunotherapies on the targeted lymphocyte subset and obtain the 443 

optimum clinical benefits, it will be more important to develop biomarkers that accurately 444 

evaluate the immune status of each patient. We previously demonstrated that chronic 445 

GVHD is characterized by constitutive phosphorylation of STAT5 in Tcons associated 446 

with elevated amounts of IL-7 and IL-15 and relative functional deficiency of IL-2 (17). 447 

IL-2 therapy resulted in the selective increase of STAT5 phosphorylation in Tregs and the 448 

decrease of phosphorylated STAT5 in Tcons (17). Thus, as well as CD25 expression 449 

mentioned above, STAT5 phosphorylation could be a candidate as a biomarker to predict 450 

the response of each T cell subset to exogenous IL-2, however, further studies are 451 

warranted for the application to the clinical settings. 452 

This study has several limitations. First, all experiments in this study were performed 453 

using only one experimental transplant system. Given the great variety of clinical 454 

transplants, the validation experiments using the second GVHD model system are 455 

important to consider the clinical relevance. Second, the experimental system for 456 

assessing the GVL effect in this study is not completely relevant to the clinical setting. 457 

We utilized the P815-mastocytoma tumor model, however, the majority of the HSCTs are 458 

indicated to treat patients with acute myeloid leukemia (AML). Therefore, it should be 459 

validated the hypothesis of this work in such myeloid malignancies as the MLL-AF9 460 
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AML model in the future. Third, the experimental system used in this study could not 461 

evaluate the role of NK cells in the GVL effect increased by IL-2 therapy. A previous 462 

study analyzed samples from patients and demonstrated that low-dose IL-2 activates NK 463 

cells as well as Tregs (25). We confirmed that IL-2 administration to non-transplanted 464 

normal mice increased NK cells in an IL-2 dose-dependent manner, however, IL-2 465 

administration to allo-transplanted recipient mice did not increase NK cells in the 466 

experimental HSCT used in this study (Supplemental Figure 4). In fact, previous studies 467 

have shown that more than 50 million spleen cells need to be infused at transplant in order 468 

to observe NK cells in the B6-into-B6D2F1 system (42)(43). In our experimental setting, 469 

we infused 5 million spleen cells and it appears to be not enough to evaluate NK cells 470 

after transplant. The effect of NK cells on the GVL effect after IL-2 therapy should be 471 

tested by the experiments with the other settings, which may contribute to identifying the 472 

responsible cells for the anti-tumor activity increased by IL-2 therapy.  473 

In conclusion, our data suggested that the responses of Tregs and effector T cells to 474 

exogenous IL-2 differs depending on the immune environment in the host, and the mutual 475 

balance of the response between the subsets has a substantial impact on the modulating 476 

effect of GVHD and GVL after IL-2 initiation. Our findings may provide useful 477 

information to develop personalized IL-2 therapy for each patient having different 478 
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immune status. 479 

  480 
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Methods 481 

Mice. Female C57BL/6J (B6, H-2Kb) and B6D2F1 (H-2Kb/d) mice were purchased from 482 

Japan SLC (Hamamatsu, Japan).  483 

Bone marrow transplantation. Following standard protocols (44), B6D2F1 mice received 484 

lethal X-ray total body irradiation in two doses, and injected on day 0 with 5 × 106 spleen 485 

cells and 5 × 106 T cell-depleted bone marrow from B6 (H-2Kb, Ly-5.1) mice. The 486 

radiation dose for the two doses was 10 Gy in all experiments except for in Figure 5. In 487 

Figure 5, we conducted the experiment in the settings with TBI 13 Gy in addition to TBI 488 

10 Gy. To assess GVL effects, 1 × 105 or 2.5 × 104 luciferase P815 cells were 489 

intravenously injected along with 1 × 106 or 5 × 106 donor spleen cells or T cell-depleted 490 

bone marrow. P815 (H-2Kd) is a mastocytoma derived from a DBA/2 mouse. T cells were 491 

depleted or purified using anti-CD90.2 Microbeads on an AutoMACS system (Miltenyi 492 

Biotec, Auburn, CA), following the manufacturer’s instructions. Mice were 493 

subcutaneously administered with 50, 500, 1,000, 5,000, 20,000, 40,000 or 100,000 494 

IU/mouse of recombinant human IL-2 (Teceleukin; Shionogi & Co., Ltd.) in sterile 200 495 

µl PBS.  496 

Assessment of GVHD and GVL effect. Survival after bone marrow transplantation was 497 

monitored daily, and clinical GVHD was assessed 2-3 times a week using a scoring 498 
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system (maximum score 10) based on weight loss, posture, activity, fur texture, and skin 499 

integrity, as described previously (45)(46). Bioluminescence from tumor cells expressing 500 

luciferase was measured weekly to quantify tumor burden. Briefly, mice were injected 501 

with 3 mg/mouse D-luciferin (OZ Biosciences, Marseille, France), anesthetized 10 502 

minutes thereafter, and imaged on an IVIS Spectrum imaging system (Caliper Life 503 

Sciences, Hopkinton, MA) to measure total flux in photons/sec. 504 

Antibodies and flow cytometry. PE- and eFluor450-conjugated anti-CD4 (GK1.5), 505 

PerCP/Cy5.5- and APC/eFlour780-conjugated anti-CD8 (53-6.7), PE-conjugated anti-506 

CD25 (PC61.5), PE-conjugated anti-Ki67 (SolA15), PE-conjugated anti-CTLA-4 507 

(UC10-4B9), PE-conjugated anti-Tim-3 (RMT3-23), PE/Cyanine7- and APC/eFlour780-508 

conjugated anti-CD44 (MI7), FITC-conjugated anti-CD62L (MEL-14), PE/Cyanine5-509 

conjugated anti-ICOS (7E.17G9), PerCP/Cyanine5.5-conjugated anti-CD45.1 (A20), 510 

PE/Cyanine7-conjugated anti-GITR (DTA-1), FITC-conjugated anti-LAG-3 511 

(eBioC9B7W), PE-conjugated anti-PD-1 (RMP1-30), and APC-conjugated anti-Foxp3 512 

(FJK-16s) were obtained from eBioscience (San Diego, CA). FITC-conjugated anti-H-513 

2Kd (SF1-1.1) and FITC-conjugated anti-Stat5 (pY694) were obtained from BD 514 

Bioscience. PE/Cyanine7-conjugated anti-CCR4 (2G12) and PE/Cyanine7-conjugated 515 

anti-CCR7 (4G12) was obtained from Biolegend. Intracellular FoxP3, Ki-67, and Stat5 516 
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were stained with an anti-mouse/rat Foxp3 staining kit (eBioscience, San Diego, CA). 517 

Cells were stained in phosphate-buffered saline containing 2 % fetal calf serum, and 518 

sorted on a MACSQuant system with MACSQuantify software (Miltenyi Biotec, 519 

Bergisch Gladbach, Germany). Data were analyzed in FlowJo (Treestar, Ashland, OR) 520 

In vivo proliferation and in vitro suppression assay. CD4+CD25+ Tregs and CD4+CD25- 521 

Tcons were isolated from murine spleen cells on a FACS Aria. Tcons from naïve B6 mice 522 

were labeled with CellTraceTM Violet according to the manufacturer’s protocols. 5 × 104 523 

Tcons were cultured in the wells of a 96-well plate together with various concentrations 524 

of Tregs and 2.5 × 104 irradiated (20 Gy) peritoneal cells in the presence of with 5 μg/mL 525 

platebound anti-CD3ϵ mAbs. CD62L+ and CD62L- T cells were isolated from splenocytes 526 

obtained from CD45.1 mice using an autoMACS Pro Separator (Miltenyi Biotec), Pan T 527 

Cell Negative Selection Kit, and CD62L Isolation Kit. These cells were also labeled with 528 

CellTraceTM Violet according to the manufacturer’s protocols, and adoptively 529 

transplanted to recipient mice. Proliferation was analyzed after sorting to > 97 % purity 530 

on a MACSQuant flow cytometer. 531 

Statistics. Results are reported as mean +/- SEM. Student's t-test and ANOVA with 532 

Bonferroni’s correction were used to compare two and > 2 groups in Prism version 5.0 533 

(GraphPad Software, San Diego, CA), with p < 0.05 considered statistically significant. 534 
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Log-rank test was used to assess survival. 535 

Study approval. All animal experiments were compliant with regulations of the 536 

Institutional Animal Care and Research Advisory Committee, Okayama University 537 

Advanced Science Research Center. 538 
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Figure legends  750 

Figure 1. Low-dose IL-2 selectively stimulates Tregs both in human and mouse in 751 

the steady-state 752 

(A) Representative lymphocyte gates for identification of CD4 and CD8 T cell subsets in 753 

mouse and human. Within the CD4 T cell gate in murine cells, Tregs are identified as 754 

CD4+CD25+Foxp3+ cells and Tcons are identified as CD4+CD25-Foxp3- cells. Within the 755 

CD4 T cell gate in human cells, Tregs are identified as CD4+CD25highCD127low cells and 756 

Tcons are identified as CD4+CD25lowCD127high cells.  (B) Representative histograms of 757 

STAT5 phosphorylation and (C) mean fluorescence intensity of phosphorylated STAT5 758 

in CD8 T cells (green), Tcons (blue), and Tregs (red), and from isotype control against 759 

CD4 T cells (black). Red shades indicate the dosage of low-dose IL-2 in each graph. For 760 

in vitro stimulation, wild type C57BL/6 mouse spleen cells and human peripheral blood 761 

mononuclear cells were stimulated with various concentrations of IL-2 for 30 minutes in 762 

vitro. For in vivo stimulation, wild type C57BL/6 mice received single doses of 763 

recombinant IL-2 and spleen cells were harvested after 30 minutes. The level of 764 

intracellular pSTAT5 was determined by flow cytometry. (D) Wild type C57BL/6 mice 765 

received 50, 500 and 5000 IU of recombinant IL-2 once daily for 7 days and spleen cells 766 

were analyzed assessed Ki-67 expressions in CD8 T cells, Tcons and Tregs. (E-F) In vitro 767 

Treg suppression assay. Tcons labeled with CellTraceTM Violet were cultured with Tregs 768 

isolated from mice treated with vehicle or 5000 IU of IL-2 in the presence of antiCD3 769 

antibody stimulation for 3 days. (E) Percentage of divided Tcons at various Tcon:Treg 770 

cell ratios. Responder Tcons (1×105 per each well) were cultured with various numbers 771 

of suppressor Tregs. n = 3 mice per group per experiment. *p <0.05**, p <0.005.  (F) 772 

Representative flow cytometry histograms measuring Tcon proliferation in the presence 773 
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or absence of Tregs. Data are representative of at least two independent experiments (A-774 

F). 775 

 776 

Figure 2. Effect of Low-dose IL-2 on in-vivo proliferation and CD62L expression of 777 

T cells.  778 

Spleen cells of B6 mice or B6D2F1 mice stained with CellTraceTMViolet, were 779 

transplanted into irradiated (10 Gy) B6 recipient mice and recipient mice were treated 780 

with IL-2 for 5 days. (n=5) (A) (B) Representative figures of the expression of CD62L 781 

and the dilution of CellTraceTMViolet in CD8 T cells, CD4+ Tcons and 782 

CD4+CD25+Foxp3+Tregs. (A) shows syngeneic settings, in which setting, spleen cells of 783 

B6 mice were transplanted and (B) shows allogeneic settings, in which setting spleen 784 

cells of B6D2F1 mice were transplanted. Cells were grouped into 3 populations; those 785 

are NP (; no-proliferating cells), LP (; Low proliferating cells) and HP (; High 786 

proliferating cells). Cells in NP are those did not divide. Cells in LP are those divided 2 787 

to 5 times. Cells in HP are those divided more than 6 times. (C) Bars show mean percent 788 

+/- SEM of NP, LP and HP cells of each T cell subset. ***p <0.005. Blue means the 789 

CD62L+ naïve subset and red means the CD62L- effector subset, respectively. Data shows 790 

the representative result from two individual experiments. 791 

 792 

Figure 3.  Effect of Low-dose IL-2 on T cell activation and proliferation in the 793 

allogeneic system  794 

(A-C) Lethally irradiated (10 Gy) B6D2F1 mice received 5×106 CD45.2+ TCD-BM and 795 

5×106 CD45.1+ spleen cells from B6 donor mice. Post-transplant treatments with IL-2 or 796 

vehicle were not administrated in this experiment. (A) Representative figures of 797 
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chimerism analysis at week 1 and 3 are shown. Graft-derived cells, BM-derived cells and 798 

host-residual cells were defined as CD45.1+H-2Kd-, CD45.1-H-2Kd- and CD45.1-H-2Kd+, 799 

respectively. (B) % Host- (closed triangle), graft- (closed	square) or BM- (open circle) 800 

derived cells of CD8 T cells, Tcons and Tregs from week 1 to 5 are shown. Bar graphs 801 

are means +/- SEM. (C) Body weight, clinical GVHD score, MFI of CD25 expression of 802 

CD8 T cells and Tcons from week 0 to week 4 after transplantation. Thin and thick orange 803 

shade indicates the two different phases of clinical GVHD. The dash line represents the 804 

baseline at week 0. (D-E) Lethally irradiated B6D2F1 recipient mice were transplanted 805 

5×105 or 5×106 spleen cells and 5.0×106 TCD-BM from donor B6. Recipients were 806 

treated with 5000 IU IL-2 for 7 days and CD25 expressions of each lymphocyte were 807 

examined. (D) Representative figures of CD25 expressions on CD8 T cells, Tcons and 808 

Tregs. (E) Bars show mean % CD25 expression +/- SEM are shown. *p < 0.05, **p < 809 

0.005. (F) 50, 500 and 5000 IU of IL-2 or vehicle were administered subcutaneously into 810 

recipient mice after BMT for 7 days and assessed Ki-67 expressions in CD8 T cells, Tcons 811 

and Tregs. Bars show mean MFI of Ki-67 +/- SEM. *p < 0.05, **p < 0.005 812 

 813 

Figure 4. IL-2 therapy provides different effects depending on the immune 814 

environment when it is administered. 815 

 (A-D) Lethally irradiated (10 Gy) B6D2F1 mice were transplanted with 5 × 106 spleen 816 

cells and 5 × 106 bone marrow cells from donor B6 mice, and vehicle or 5000 IU of IL-2 817 

were subcutaneously administrated once per day for 15 days. Spleen cells were analyzed 818 

at week2 and week3 after transplantation. (A) Representative figures to identify 819 

CD44lowCD62Lhigh naive (N), CD44highCD62Lhigh central-memory (CM), and 820 

CD44highCD62Llow effector-memory (EM) subsets within CD8 T cells, Tcons, and Tregs 821 
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at week 3. Upper and lower panels are representative of mice treated with vehicle and IL-822 

2, respectively. (B) Absolute number of naïve, central-memory, and effector-memory 823 

subsets in CD8 T cells, Tcons, and Tregs in mice treated with vehicle (blue) or IL-2 (red). 824 

Thin and thick blue shade indicates the two different phases based on Figure 3C. Data 825 

shows mean +/- SEM. *, p < 0.05; **, p < 0.005 vs. vehicle. (C)-(E) Representative 826 

histograms and mean fluorescence intensity of PD-1, CTLA-4, LAG-3, ICOS, Tim-3, 827 

GITR, Tim-3, CCR4 and CCR7 expression in (C) Tregs, (D) Tcons and (E) CD8 T cells 828 

following treatment with control vehicle or IL-2 at week 3. Data are mean ± SEM. *, p < 829 

0.05; **, p < 005; ***, p < 0.0005.  830 

 831 

Figure 5. IL-2 has different clinical impact on GVHD by the conditioning of the 832 

transplantation 833 

(A) Lethally irradiated (10 Gy or 13 Gy) B6D2F1 mice received 5 × 106 TCD-BM and 5 834 

× 106 spleen cells from B6 donor mice. Vehicle or 5000 IU IL-2 was subcutaneously 835 

administrated once per day from day 5 to day 20. (B) Percentages of Tregs at week 3 after 836 

transplantation are shown. Dot plots are average ± SEM. *, p < 0.05. (C) Survival rates. 837 

*, p < 0.05; **, p < 0.005. (D) Clinical GVHD scores. *, p < 0.05; ***, p < 0.0005. (E) 838 

The representative pathological findings in liver histology at week 5 are shown. The 839 

necrotic foci are pointed with arrows.  840 

 841 

Figure 6. IL-2 therapy ameliorates clinical GVHD without sacrificing the GVL 842 

activity in the mild inflammatory state  843 

(A) Lethally irradiated (10 Gy) B6D2F1 mice received 5 × 106 TCD-BM and 5 × 106 844 

spleen cells from B6 donor mice, together with or without 2.5 × 104 luciferase+ P815 845 
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tumor cells. Vehicle or 5000 IU IL-2 were subcutaneously administrated once per day 846 

from day 5 to day 20. (B-E) Survival rates, body weight, clinical GVHD scores and 847 

bioluminescence after transplant were shown. Mean +/- SEM of *, p < 0.05; ***, p < 848 

0.0005. (F) Bioluminescent signals of P815 tumors in 4 experimental groups are shown. 849 

(G) Appearance and skin pathology at week 5 in representative mice treated with vehicle 850 

and IL-2.  851 

 852 

Figure 7. IL-2 therapy enhances the GVL activity without causing clinical GVHD in 853 

the immune-tolerant state 854 

(A) Lethally irradiated (10 Gy) B6D2F1 mice received 5 × 106 TCD-BM and 1 × 106 855 

spleen cells from B6 donor mice, together with or without 1 × 105 luciferase+ P815 tumor 856 

cells. Vehicle or 5000 IU IL-2 were subcutaneously administrated once per day from day 857 

5 to day 20. (B-E) Survival rates, body weight, clinical GVHD scores and 858 

bioluminescence after transplant were shown. Mean +/- SEM of *, p < 0.05 (F) 859 

Representative bioluminescence images of P815 tumors are shown. (G) Liver and skin 860 

pathology at week 3 in mice treated with vehicle and IL-2 are shown. Yellow dot circles 861 

indicate tumor occupying lesions. 862 

 863 


