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S-15 in combination of Akt inhibitor 
promotes the expansion of  CD45RA−CCR7+ 
tumor infiltrating lymphocytes with high 
cytotoxic potential and downregulating 
PD-1+Tim-3+ cells as well as regulatory T cells
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Abstract 

Background: Autologous tumor-infiltrating lymphocytes (Tils) immunotherapy is a promising treatment in patients 
with advanced hepatocellular cancer. Although Tils treatment has shown great promise, their persistence and the 
efficacy after adoptive-transfer are insufficient and remain a challenge. Studies have demonstrated that IL-15 and 
Akt inhibitor can regulate T cell differentiation and memory. Here, we constructed S-15 (Super human IL-15), a fusion 
protein consisting of human IL-15, the sushi domain of the IL-15 receptor α chain and human IgG-Fc. Herein we com-
pared the effects of S-15 with IL-2 or in combination with Akti on the expansion and activation of Tils.

Methods: Hepatocellular cancer tissues were obtained from 6 patients, Tils were expanded using IL-2, IL-2/S-15, IL-2/
Akti or in combination IL-2/S-15/Akti. At day 10, anti-CD3 antibody was added to the culture media and expanded 
to day 25. The composition, exhaustion and T-cell differentiation markers (CD45RA/CCR7) were analyzed by flow 
cytometry.

Results: We found that IL-2/S-15/Akti expanded Tils and showed the highest percentage of central memory 
 CD45RA−CCR7+ phenotype prior to anti-CD3 antibody activation and after anti-CD3 antibody activation. T cells cul-
tured with IL-2/S-15/Akti exhibited a mixture of  CD4+,  CD8+, and  CD3+CD4−CD8− T cells; S-15 in combination with 
Akt inhibitor downregulated the expression of PD-1+Tim-3+ on Tils and decreased the Tregs in Tils. Additionally, the 
Tils expanded in the presence of the Akt inhibitor and S-15 showed enhanced antitumor activity as indicated by the 
increase in IFN-γ producing tumor infiltrating  CD8+ T cells and without comprising the Tils expansion.

Conclusion: Our study elucidates that IL-2/S-15/Akti expanded Tils and represent a viable source for the cellular 
therapy for patients with hepatocellular cancer.
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Background
Cellular therapy using autologous tumor-infiltrating 
lymphocytes (Tils) is a promising strategy to improve 
the survival of patients with primary hepatocellular 
carcinoma (HCC). Reports have shown that up to 80% 
of HCC patients who received transferred autologous 
Tils have shown positive clinical response [1]. While 
the use of Tils have shown improved clinical response 
and survival of HCC patients, insufficient persistence 
and effector function of Tils in vivo remain a challenge 
for adoptive T cell therapy. Recent studies have shown 
that the transfer of Tils with central memory features 
can improve the efficacy and the curative potential of 
Tils for advanced cancer [2, 3]. Akt plays an important 
role in regulating T cells differentiation and memory 
formation. Inhibition of Akt signaling during ex  vivo 
priming and expansion enhances expansion of potent 
tumor-specific lymphocytes with memory cell charac-
teristics [4–7].

Studies indicate that cytokines have a distinct effect on 
different T-cells subsets [8–12]. Although IL-2 and IL-15 
share the cognate receptors IL-2Rβ and IL-2Rγ, IL-2 is 
widely used for T cell growth and is required for in vitro 
growth of  CD4+ T cells. IL-15 can improve  CD8+ T cells 
function in vivo and plays a pivotal role in the control of 
memory T cells by inducing anti-apoptotic signals and 
promotes proliferation dependent on PI3K/Akt, MAPK, 
and ERK pathways [13]. Recent reports have shown that 
the administration of IL-15 with its soluble receptor 
IL-15Rα complex enhanced the bioavailability of IL-15 
by about 50-fold and showed elevated tumor-eliminating 
effects in  vivo [14, 15]. Liu et  al. have shown that IL-2/
IL-15/IL-21 expanded Tils represent a viable source for 
the cellular therapy of patients with gliomas [16]. How-
ever, the optimal protocols for expansion of Tils remain 
to be determined.

We therefore hypothesized that S-15 which is com-
posed of human IL-15 and the sushi domain of the IL-15 
receptor α chain as a hIgG-Fc fusion protein in combi-
nation with Akt inhibitor may prevent terminal differen-
tiation and enhance the antitumor activity of Tils during 
expansion. To evaluate this hypothesis, we constructed 
and purified S-15, then expanded Tils in the presence of 
an Akt inhibitor and S-15.

We found that IL-2/S-15/Akti expanded Tils 
showed the highest percentage of central memory 
 CD45RA−CCR7+ phenotype either before anti-CD3 acti-
vation or after activation, S-15 in combination with Akt 
inhibitor downregulated the expression of PD-1+Tim-3+ 
and decreased the Tregs in Tils. Additionally, combina-
tion treatment also enhances the antitumor activity of 
Tils by increasing the IFN-γ producing tumor infiltrating 
 CD8+ T cells without affecting expansion.

The use of S-15 and Akti during the ex vivo expansion 
of Tils can improve their quality and efficacy in cell-based 
immunotherapy for HCC.

Materials and methods
Patients
HCC patients were diagnosed according to pre-operative 
staging and laparotomy findings between 2016 and 2017 
at the Department of Hepatobiliary and Pancreatic Sur-
gery, the Affiliated Cancer Hospital of Zhengzhou Uni-
versity, China. 6 primary HCC patients without previous 
treatments were qualified and enrolled in this study.

Vector construction, recombinant protein preparation
S-15 was constructed as described previously [14]. 
Briefly, the cDNA encoding human IL-15 Ra-sushi 
domain (amino acids 25-89) and human IL-15 mature 
sequence were linked by a 20-amino acid linker were sub-
cloned into the ptt3 plasmid. Construction of the human 
S-15 is shown in Additional file 1: Fig. S1a. The protein 
was prepared by transient transfection of 293T cells and 
purified by protein G columns.

Isolation of Tils and the in vitro culture
The fresh human tumor samples from patients with HCC 
were cut into small pieces (3–5 mm3) and were digested 
with collagenase (1 μg/ml, Sigma-Aldrich, St. Louis, MO, 
USA), DNase (25 μg/ml; Sigma-Aldrich), and 2% fetal 
bovine serum at 37 °C for 1–1.5 h. The tissue homogen-
ates were filtered using a 70-μm cell strainer (Falcon; BD 
Biosciences) and subjected to the density centrifugation. 
The leukocyte’s viability was evaluated by Trypan blue 
exclusion. Tils were cultured at a concentration of 1 × 106 
cells/ml with 7000 IU/ml IL-2 in the condition of 10 ng/
ml S-15, or 1  μM Akti (Akt1/2 kinase inhibitor, Sigma 
A6730), or in combination of S-15 and Akti for 10 days, 
the Tils were then stimulated with precoated  anti-CD3 
antibody (1.5 μg/ml) and a reduced dose of 1000  IU/ml 
IL-2 at day 10, fresh S-15 and Akti was added every 72 h 
for 15  days. After anti-CD3 antibody stimulated, Tils 
were counted and cultured at a concentration of 2 × 105 
cells/ml in a 75 cm2 Flask. Then, Tils were transferred to 
another 75 cm2 Flask and continued to culture at a con-
centration of 2 × 105 cells/ml when the Tils reached to 
1–2×106 cells/ml. We repeated the procedure until day 
25 to count the total number of TILs. Subsets of Tils 
were detected by multiple-color fluorescence. Remaining 
tumor cells were cryopreserved for subsequent analysis.

Phenotypic analysis
Specific antibodies against CD3-PE-Cy7 (Biolegend) or 
anti-CD3-FITC (Biolegend), anti-CD25-PE (BD Pharmin-
gen™), anti-CD127-APC (Biolegend), anti-CD4-FITC 



Page 3 of 11Xu et al. Cancer Cell Int          (2019) 19:322 

(Biolegend), anti-CD8-APC (Biolegend), anti-CD45RA-
FITC (Biolegend), anti-CCR7-PE-Cy7 (Biolegend), 
anti-CD4-PE (BD Biosciences), anti-PD-1-FITC (Bioleg-
end), anti-CD4-PerCP-Cy5.5 (BD Biosciences), anti-Tim-
3-PE (BD Pharmingen™), anti-FoxP3-PE (Biolegend), and 
anti-IFN-γ-APC (eBioscience) were used. 7AAD viability 
staining (Biolegend) was used to assess the viability of the 
cells. Tils were examined at day 0, 5, 10, 15, 20 and 25 by 
flow cytometry. Briefly, 1 × 106 T cells was mixed with 
5 μl of each antibody and was incubated on ice for 20 min 
in the dark. After incubation the samples were washed 
with FACS buffer (5% BSA in PBS, 0.09% sodium azide). 
The pellets were suspended in 300 μl of FACS buffer and 
acquired on a BD FACS Conto II flow cytometer, and 
then the data was analyzed with FlowJo software (Tree-
Star Inc). The data is displayed as background-corrected 
values with control sample or by fluorescence minus one 
(FMO).

Intracellular IFN‑γ staining assay
For IFN-γ production assays, co-culture of Tils with 
autologous tumor was performed and the generation 
of IFN-γ producing cells in Tils were analyzed by flow 
cytometry. Tils co-cultured with autologous tumor for 
6  h, and subsequently analyzed for IFN-γ [17]. Brefel-
din A (Sigma-Aldrich) was added to the culture medium 
(10 μg/ml) after 2 h of autologous tumor added. The cells 
were then stained with anti-CD3-PE-Cy7 and anti-CD8-
PerCp-Cy5.5 antibodies, fixed, permeabilized, and then 
labeled with anti-human IFN-γ-APC (eBioscience). 
Ten thousand events were collected during flow cytomet-
ric analysis.

Data analyses and statistics
Statistical analysis was performed using GraphPad Prism 
5.0 (GraphPad Software, United States). Repeated meas-
ures ANOVA was used to statistical significance of dif-
ferences between groups with a Tukey post-test, if data 
followed Gaussian distribution. If the data did not pass 
normality test, a Friedman test was used, followed by a 
Dunn’s post-test. P value < 0.05 was considered statisti-
cally significant, as indicated with asterisks (*P < 0.05, 
**P < 0.01, ***P < 0.001).

Results
Combination of S‑15 and Akt inhibition does 
not compromise Tils expansion
Our previous studies have showed that murine hyper-
interleukin15 (hyper-IL-15) can suppress metastatic and 
autochthonous liver cancer by promoting tumor-specific 
 CD8+ T cell responses [14]. Here,we constructed S-15 
(ptt3-IL-15Rα-sushi-linker-IL-15-hIgG-Fc) which is 
composed of human IL-15 and the sushi domain of the 

IL-15 receptor α chain, the protein was prepared by tran-
sient transfection of 293T cells and purified by protein G 
columns (Additional file 1: Fig. S1b). Then we compared 
the effects of IL-2, S-15 and Akti on the expansion and 
activation of Tils.

Tils from 6 patients with HCC were isolated and 
expanded ex  vivo in the condition of IL-2, IL-2/S-15, 
IL-2/Akti or a combination of IL-2/S-15/Akti. Tils were 
examined at day 0, 5, 10, 15, 20 and 25 by flow cytom-
etry. Tils were all successfully expanded to a minimum of 
3.7 × 109 after anti-CD3 antibody stimulation at day 25. 
There was no significant difference in the number of the 
expanded Tils among the groups neither before anti-CD3 
antibody stimulation nor after anti-CD3 antibody stimu-
lation (Fig. 1a, b).

During the Tils culture, the percentages of  CD4+ cells 
were decreased gradually (Fig. 1c), while the percentages 
of  CD8+ cells within  CD3+ T cells were increased gradu-
ally (Fig. 1d). The percentages of  CD8−CD4− cells within 
 CD3+ T cells were sharply elevated during the early stage 
of Tils culture, but gradually decreased towards the ini-
tial level (Fig. 1e). After 25 days, the majority of Tils were 
positive for  CD3+ T cells. The percentage of  CD4+ cells 
among the  CD3+ T cells on day 25 in group IL-2 was sig-
nificant higher than that in group IL-2/S-15 (P < 0.01), 
and group IL-2/S-15/Akti (P < 0.001, Fig.  1f ). The per-
centage of  CD8+ cells among the  CD3+ T cells on day 
25 in group IL-2/S-15 and group IL-2/S-15/Akti were 
both significant higher than that in group IL-2 (P < 0.05, 
Fig.  1g). There was no significant difference in the per-
centage of  CD4−CD8− cells among the  CD3+ T cells on 
day 25 in the various groups (Fig. 1h).

Combination of S‑15 and Akt inhibition promote 
the expression of  CD45RA−CCR7+ in human Tils
Studies report that transfer of Tils with central memory 
traits can enhance antitumor immunity and have curative 
potential in adoptive therapy for cancer [18]. IL-15 and 
Akti both can upregulate the expression of central mem-
ory T cells in human Tils. Next, we analyzed the state 
of T-cell differentiation according to the expression of 
CCR7 and CD45RA in the various groups. We found that 
the percentage of Tcm  (CD45RA−CCR7+) among Tils in 
these four groups all increased gradually during the cul-
ture time. The percentage of Tcm within  CD8+ T cells in 
group IL-2/S-15/Akti at d25 was significantly higher than 
that in IL-2 group (P < 0.001), IL-2/S-15 group (P < 0.001) 
and IL-2/Akti group (P < 0.05, Fig.  2). The percentage 
of Tcm within  CD4+ T cells in group IL-2/S-15/Akti at 
d25 was also significantly higher than that in other three 
groups, the data is summarized in Additional file 2: Fig. 
S2. The percentages of Tcm within  CD8+ T cells in IL-2/
Akti group had a similar variation curve to IL-2/S-15/
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Akti group, it was significantly higher than that in IL-2 
group (P < 0.001) and IL-2/S-15 group (P < 0.001) at day 
25. The percentages of Tcm among  CD8+ T cells in IL-
2/S-15 group was higher than that in group IL-2 at day 
25, but it still lower than that in IL-2/Akti group. How-
ever, there was no difference between IL-2 group and 
IL-2/S-15 group before and after anti-CD3 antibody 
activation. Thus, supplement with Akt inhibitor enables 

expansion of Tils expressing elevated levels of Tcm with-
out affecting their expansion.

Combination of S‑15 and Akt inhibition downregulated 
the expression of PD‑1 and Tim‑3 on Tils
Programmed death-1 (PD-1) is a key immune-check-
point receptor expressed by activated T cells mediating 
immunosuppression, PD-1+Tim-3+ is a marker of T cells 
exhaustion [17–19]. In this study, we investigated the 

Fig. 1 Efficiency of Tils expansion via IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti. a Growth profiles of Tils from HCC patients during the 25-day 
initial culture period. Data represent the mean ± SEM of six independent experiments. b The total number of Tils in the IL-2, IL-2/S-15, IL-2/Akti and 
IL-2/S-15/Akti-expanded cultures is depicted for 6 HCC patients. Growth profiles of  CD8+ T cells (c),  CD4+ T cells (d),  CD8−  CD4− T cells (e) within the 
 CD3+ population during the 25-day initial culture period. Percentages of  CD8+ T cells,  CD4+ T cells,  CD8−  CD4− T cells within the  CD3+ population 
at day 25 were shown respectively in f, g and h. Statistical significance was analyzed by repeated measures ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001
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expression of inhibitory molecules PD-1 and Tim-3 on 
Tils during 25  days of incubation with IL-2, IL-2/S-15, 
IL-2/Akti or in a combination of IL-2/S-15/Akti. The 
co-expression of PD-1 and Tim-3 on  CD4+ and  CD8+ T 
cells were higher from freshly isolated Tils, then it was 
decreased sharply at the early stage of ex vivo culture, but 
it increased after anti-CD3 antibody stimulated, then it 
decreased gradually to the bottom at day 25 (Fig. 3).

The percentage of PD-1+Tim-3+ among  CD8+ T cells 
in IL-2/S-15/Akti group was significantly lower than that 
in IL-2 group (P < 0.001) and IL-2/S-15 group (P < 0.05) at 
day 25. The results for  CD8+ T cells are showed in Fig. 3, 
for  CD4+ T cells, the results are showed in Additional 
file  3: Fig. S3. The percentage of PD-1+Tim-3+ among 
 CD8+ T cells in group IL-2 was significantly higher than 
that in IL-2/Akti group (P < 0.01), but there was no signif-
icant difference between IL-2/Akti group and IL-2/S-15 
group, as well as that between group IL-2 and group 
IL-2/S-15.

FCM analysis showed that the expression of PD-1 on 
 CD4+ and  CD8+ T cells displayed a similar variation 

curve to PD-1+Tim-3+. The percentage of PD-1+ at d25 
in IL-2/S-15/Akti group was significantly lower than 
that in IL-2 group (P < 0.001 for  CD4+ T cells, Addi-
tional file 4: Fig. S4b; P < 0.001 for  CD8+ T cells, Addi-
tional file 4: Fig. S4d), and IL-2/S-15 group (P < 0.01 for 
 CD4+ T cells; P < 0.05 for  CD8+ T cells). The percent-
age of PD-1+ within  CD4+ T cells at d25 in IL-2/S-15/
Akti group was significantly lower than that in IL-2/
Akti group (P < 0.05), but there was no significant dif-
ference about the percentage of PD-1+ within  CD8+ T 
cells at d25 between IL-2/Akti group and IL-2/S-15/
Akti group. The percentage of PD-1+ among  CD8+ T 
cells in IL-2 group was significantly higher than that 
in IL-2/Akti group (P < 0.01), but there was no signifi-
cant difference between IL-2/Akti group and IL-2/S-15 
group. There was no significant difference about the 
percentage of PD-1+ among  CD4+ T cells between IL-2 
group and IL-2/S-15 group.

The expression of Tim-3 remained at a high level over 
the entire incubation period. The percentage of Tim-
3+ on  CD8+ T cells in the IL-2/S-15/Akti group was 

Fig. 2 Frequencies of  CD45RA−CCR7+ on  CD8+ T cells in IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. a The dynamic percentages of 
Tcm within  CD8+ T cells during the 25-day initial culture period were shown. Data represent the mean ± SEM of six independent experiments. 
b Representative dot plots with percentages of  CD45RA−CCR7+ among the  CD8+ T cell population in different groups at day 25 are shown. 
c Summary data about the percentages of  CD45RA−CCR7+ within the  CD8+ T cell population at day 25 which is from panel a are presented. 
Statistical significance was analyzed by repeated measures ANOVA
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significantly lower than that in IL-2 group (P < 0.01), 
and IL-2/S-15 group (P < 0.01) at d25 (Additional file 5: 
Fig.  S5d). No significant difference in the percentage 
of Tim-3+ within  CD4+ T cells was observed among 
groups.

These results showed that Akt inhibitor and S-15 had 
synergistic effect on decreasing the expression of PD-1 
and Tim-3 in Tils, indicating Akti and S-15 can prevent 
Tils cell differentiation and exhaustion.

Combination of S‑15 and Akt inhibition decreases the Treg 
cells in Tils
Regulatory T cells (Tregs) play an important role 
in anticancer immunity. In the present study, 
 CD4+CD25+CD127−  Foxp3+ were used to assess the 
Tregs among  CD4+ T-cells from HCC patients. Prior to 
expansion, Tils had a higher Tregs up to 43.8% among 
 CD4+ T-cells, it decreased prior to anti-CD3 antibody 

stimulation, but increased after anti-CD3 antibody 
stimulation, then it decreased gradually again dur-
ing culture. The percentage of Tregs in IL-2 group was 
significantly higher than that in IL-2/S-15/Akti group 
(P < 0.001), IL-2/S-15 group (P < 0.05) and IL-2/Akti 
group (P < 0.01) at d25 (Fig. 4), but there was no differ-
ence between IL-2/Akti group and IL-2/S-15 group, as 
well as that between IL-2/Akti group and IL-2/S-15/
Akti group.

Combination of S‑15 and Akt inhibition increases the IFN‑γ 
producing tumor infiltrating  CD8+ T cells
To assess whether the Akti and S-15-expanded Tils 
retained tumor recognizing capabilities following 
expansion, the Tils obtained from different conditions 
were analyzed for IFN-γ production after co-culture 
with autologous tumor cells [11]. We observed the 
percentage of IFN-γ producing tumor infiltrating 

Fig. 3 Expression of PD-1 and Tim-3 on  CD8+ T cells in IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. a The dynamic percentages 
of PD-1+Tim-3+ within  CD8+T cells during the 25-day initial culture period were shown. Data represent the mean ± SEM of six independent 
experiments. b Representative dot plots with percentages of PD-1+Tim-3+ within  CD8+T cells in different groups at day 25 are shown. c Summary 
data about the percentages of PD-1+Tim-3+ within  CD8+T cells at day 25 which is from panel a are presented. Statistical significance was analyzed 
by repeated measures ANOVA
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 CD8+ T cells in IL-2/S-15/Akti group was significantly 
higher than that in IL-2 group (P < 0.001), IL-2/S-15 
group (P < 0.01) and IL-2/Akti group (P < 0.05) at day 
25 (Fig.  5). The percentage of IFN-γ producing tumor 
infiltrating  CD8+ T cells in IL-2 group was significantly 
lower than that in IL-2/Akti group (P < 0.05) and IL-
2/S-15 group (P < 0.05), but there was no significant dif-
ference between IL-2/Akti and IL-2/S-15 group.

Discussion
Here we constructed S-15 successfully, and demonstrated 
that S-15 in combination of Akt inhibition promote the 
expression of  CD45RA−CCR7+ and downregulates the 
expression of PD-1+Tim-3+ in human Tils from the 

patients with HCC, in addition S-15 in combination Akt 
inhibition decreases the Tregs in Tils and increases the 
IFN-γ producing tumor infiltrating  CD8+ T cells without 
affecting their expansion.

In the present study, dynamic changes of Tils in the 
condition of IL-2, S-15 and Akti were observed. The 
expanded Tils were predominantly  CD8+ T cells, this 
consistent with previously reported works by Dudley 
et  al. [20] in which most melanoma-derived Tils cul-
tures were predominantly  CD8+ T cells, while there was 
a significant proportion of  CD4+ T cells observed in Tils 
derived from epithelial ovarian cancer and glioma speci-
mens [16, 21]. These results indicated that expanded 
Tils derived from different tumor tissues demonstrated 

Fig. 4 Expression of Tregs within  CD4+ T cells in IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. a Tumor tissues were obtained from 
6 HCC patients. Tissues were disaggregated as specified in “Materials and methods” section and stained with fluorochrome-labeled antibodies 
against CD3,CD4,CD8, CD25,CD127 and FoxP3. Acquired cells were first gated on  CD3+ T cells, within  CD3+ T cells the cells expressing  CD4+CD8− T 
cells were gated for next analysis, the cells express  CD25+CD127−FoxP3+ within  CD4+CD8− T cells was determined as Tregs. Representative dot 
plots with percentages of  CD25+CD127−FoxP3+ within  CD4+  CD8− T cells in different groups at day 25 are shown. bThe dynamic percentages of 
Tregs within  CD4+T cells during the 25-day initial culture period were shown. Data represent the mean ± SEM of six independent experiments. c 
Summary data about the percentages of Tregs within  CD4+  CD8− T cells at day 25 which is from panel b are presented. Statistical significance was 
analyzed by repeated measures ANOVA
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highly heterogeneous ratios of  CD4+:CD8+ T cells. The 
percentage of  CD8+ cells among the  CD3+ T cells on day 
25 in IL-2/S-15 group was significant higher than that 
in IL-2 group which is consistent with our previous data 
that hyper-IL-15 provides an effective therapy against 
well-established liver cancers in mouse models by prefer-
entially expanding tumor-specific  CD8+ T cells [14, 15]. 
S-15 in combination with Akti had synergistic effect in 
upregulating the percentage of  CD8+ T cells and decreas-
ing the percentage of  CD4+ cells among the  CD3+ T 
cells.

There are considerable studies showed that adop-
tive cell therapy with central memory T cells 
 (CD45RA−CCR7+) shown to exhibit stronger prolifera-
tive potential and mediate superior regression of tumor 
[2, 3]. Akt pathway and IL-15 both play a role in the reg-
ulation of T cell differentiation and memory formation 
[2–8, 22]. Our data shows that the percentages of Tcm 

either in  CD8+ or  CD4+ T cells both increased gradu-
ally during the culture in the condition of IL-2/S-15/
Akti. The percentages of Tcm in IL-2 group were sig-
nificantly lower than that in IL-2/Akti group. This con-
sistently demonstrated that Akti and S-15-treated T 
cells both exhibited higher  CD45RA−CCR7+ T cells. 
In addition, the percentages of Tcm in IL-2/S-15/Akti 
group were significantly higher than that in IL-2/S-15 
group and IL-2/Akti group, it indicates that the com-
bination of S-15 and Akti has a synergetic function to 
promoting central memory T cells without affecting 
their expansion.

The process of Tils activated and expanded in a long-
term culture (about 25 days) in vitro is similar to a viral 
chronic infection and it may undergo exhaustion as char-
acterized by co-expression of PD-1 and Tim-3. Consist-
ent with our previous data that T cells within the tumor 
microenvironment are functionally suppressed [17, 19], 

Fig. 5 The percentage of IFN-γ-producing  CD8+ T cells in IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. Representative dot plots from 
one HCC patient (a) and summary data for HCC patients (n = 6; b) showing the percentage of IFN-γ- producing  CD8+ T cells after ex vivo co-culture 
with autologous tumor cells
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Tils isolated from HCC have higher expression of PD-
1+Tim-3+ T cells. PD-1 is a key immune-checkpoint 
receptor expressed by activated T cells which medi-
ates the immunosuppression, there are also reports that 
expansion of tumor-infiltrating  CD8+ T cells expressing 
PD-1 improves the efficacy of adoptive T-cell therapy 
[23]. During the in vitro culture, the expression of PD-1 
decreased sharply at the early stage either on  CD8+ or 
on  CD4+ T cells because loss of the tumor microenvi-
ronment, then the expression PD-1 increased sharply 
because of stimulation by anti-CD3 antibody. How-
ever, the expression of PD-1 gradually decreases again 
after the short time increase. Tim-3 is generally consid-
ered to be a co-inhibitory receptor, while, our results 
showed that the expression of Tim-3 is upregulating 
sharply especially after anti-CD3 antibody stimulation 
and remained at a high level during long-term culture. 
This upregulation might be due to the activation of T 
cells. The dynamic changes of the expression of PD-1 and 
Tim-3 in the Tils were similar with that in the cytokine 
induced killers after stimulation by anti-CD3 antibody 
[24]. The dynamic changes of PD-1+Tim-3+ T cells were 
in according with the changes of PD-1+ T cells in Tils. 
The percentages of PD-1+Tim-3+ on  CD8+ or  CD4+ 
T cells decreased gradually after short-increased post 
anti-CD3 antibody stimulation. The mechanism of this 
phenomenon is still unclear. It may be associated with 
co-inhibitory  receptors  mediate distinct and synergistic 
effects on the activation of signaling pathways resulting 
in altered  immune  functions [25]. Further studies are 
required to address these questions.

The percentages of PD-1+Tim-3+ T cells among the 
 CD8+ T cells on day 25 in IL-2/S-15/Akti group was 
significant lower than that in IL-2 group and IL-2/S-15 
group. However, there was no difference between IL-
2/S-15 group and IL-2/Akti group. Similar results were 
also found in the percentage PD-1+ or Tim-3+ T cells 
on  CD8+ or  CD4+ T cells [21]. Heon et al. reported that 
IL-15 induces strong but short-lived tumor-infiltrating 
CD8 T cell responses through the regulation of Tim-3 
in breast cancer [10], in this study, there were no differ-
ence between IL-2 and IL-2/S-15 groups in regulation 
of Tim-3 on  CD8+ or  CD4+ T cells. In addition, Tim-3 
expression correlates with senescent phenotype. Weng 
et  al. reported that IL-15 enhances the antitumor effect 
of human antigen-specific  CD8+ T cells by cellular senes-
cence delay [26]. These results showed that S-15 in com-
bination of Akti have synergistic effect in decreasing 
the exhausted cells within Tils, which are the properties 
required for efficient antitumor activity following adop-
tive transfer.

It is reported that IL-2 may lead to the expansion of 
suppressive Tregs during the culture of Tils, and this 
decreases the effect of the antitumor potency of the 
expanded Tils. Since activated T cells can also transiently 
express FoxP3, so  CD25+CD127−  FoxP3+ was used to 
assess Tregs within  CD4+ T-cells in our study. We found 
that the percentage of Tregs was decreased gradually at 
the early stage, but it showed a transiently upregulation 
after anti-CD3 antibody stimulation. This may be associ-
ated with the activation of the T cells and this upregula-
tion has not been correlated with suppressive function, 
however, after day 15, the expression of Tregs gradually 
decreased, the underlying mechanism is still unclear. The 
percentage of Tregs within the  CD4+ population from IL-
2/S-15/Akti-expanded cultures was reduced compared 
to all other conditions. The percentage of Tregs within 
the  CD4+ population from IL-2-expanded cultures were 
significant higher than that from IL-2/S-15 and IL-2/
Akti-expanded cultures. This was consistent with find-
ings from others describing a suppressive role for IL-15 
and Akti on regulatory T cell expansion [10, 11]. On that 
note, the combination of S-15 and Akti has synergistic 
function in decreasing the Tregs.

The expanded Tils were analyzed for their cytotoxic 
potential by IFN-γ production after co-culture with 
autologous tumor cells. We also observed that S-15 or 
Akti can increase the percentage of IFN-γ producing 
tumor infiltrating  CD8+ T cells. Interestingly, the IL-
2/S-15/Akti-expanded Tils and demonstrated superior 
functional tumor recognition, as indicated by higher 
IFN-γ production levels than the Tils expanded by IL-
2/S-15 and IL-2/Akti.

In summary, our findings demonstrate that IL-2/S-15/
Akti combination is preferred for the expansion of T cells 
for adoptive T cell transfer, as they promote the expan-
sion of  CD45RA−CCR7+ tumor infiltrating lymphocytes 
with high cytotoxic potential and down-regulating PD-
1+Tim-3+ cells and regulatory T cells.

Conclusion
The data presented in this study suggest that S-15 in 
combination of Akt inhibitor promotes the expansion 
of  CD45RA−CCR7+ tumor infiltrating lymphocytes 
with high cytotoxic potential and downregulating PD-
1+Tim-3+ cells and regulatory T cells. We conclude that 
Tils expanded with IL-2/S-15/Akti combination is a via-
ble source for the cellular therapy and a promising plat-
form for the expansion of Tils use in clinical adoptive cell 
transfer trials.
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Additional file 1: Figure S1. (a) Schematic representation of S-15(ptt3-
hIL15Rαsushi-linker-hIL15-hIgGFc) constructs. For S-15 construction, the 
cDNA encoding human IL-15Ra-sushi domain (amino acids 25-89) and 
human IL-15 mature sequence were linked by a 20-amino acid linker and 
then fused with Fc.21. All the fragments were sub-cloned into the ptt3 
plasmid. (b) Production and purification of human S-15. The proteins were 
prepared by transient transfection of 293T cells and purified by protein 
G columns. S-15 proteins were eluted from the column and analyzed by 
SDS-PAGE. Lane 1–4, bovine serum albumin(BSA) as control protein at 
0.125 μg, 0.25 μg, 0.5 μg, 1 μg; lane 5, marker; lane 6, 15 μl the supernatant 
of 293T cells transfected with S-15; lane 7, 1 μl the concentrate superna-
tant of 293T cells transfected with S-15; lane 8, 5 μl purified S-15. 

Additional file 2: Figure S2. Frequencies of  CD45RA−CCR7+ among 
 CD4+ T cells in IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. (a) 
The dynamic percentages of Tcm within  CD4+ T cells during the 25-day 
initial culture period were shown. Data represent the mean ± SEM of six 
independent experiments. (b) Representative dot plots with percent-
ages of  CD45RA−CCR7+ among the  CD4+ T cell population in different 
groups at day 25 are shown. (c) Summary data about the percentages of 
 CD45RA−CCR7+ within the  CD4+ T cell population at day 25 which is from 
panel a are presented. Statistical significance was analyzed by repeated 
measures ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001. 

Additional file 3: Figure S3. Expression of PD-1 and Tim-3 among  CD4+ 
T cells in IL-2, IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. (a) 
Representative dot plots with percentages of PD-1+Tim-3+ within  CD4+T 
cells in different groups at day 25 are shown. (b) The dynamic percentages 
of PD-1+Tim-3+ within  CD4+T cells during the 25-day initial culture period 
were shown. Data represent the mean ± SEM of six independent experi-
ments. (c) Summary data about the percentages of PD-1+Tim-3+ within 
 CD4+T cells at day 25 which is from panel b are presented. Statistical 
significance was analyzed by repeated measures ANOVA. 

Additional file 4: Figure S4. Expression of PD-1 on T cells in IL-2, 
IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. (a) The dynamic 
percentages of PD-1+ within  CD4+T cells during the 25-day initial culture 
period were shown. Data represent the mean ± SEM of six independ-
ent experiments. (b) Summary data about the percentages of PD-1+ 
within  CD4+T cells at day 25 which is from panel a are presented. (c) The 
dynamic percentages of PD-1+ within  CD8+T cells during the 25-day 
initial culture period were shown. Data represent the mean ± SEM of six 
independent experiments. (d) Summary data about the percentages of 
PD-1+ within  CD8+T cells at day 25 which is from panel c are presented. 
Statistical significance was analyzed by repeated measures ANOVA. 

Additional file 5: Figure S5. Expression of Tim-3 on T cells in IL-2, 
IL-2/S-15, IL-2/Akti and IL-2/S-15/Akti-expanded Tils. (a) The dynamic 
percentages of Tim-3+ within  CD4+ T cells during the 25-day initial culture 
period were shown. Data represent the mean ± SEM of six independ-
ent experiments. (b) Summary data about the percentages of Tim-3+ 
within  CD4+ T cells at day 25 which is from panel a are presented. (c) The 
dynamic percentages of Tim-3+ within  CD8+ T cells during the 25-day 
initial culture period were shown. Data represent the mean ± SEM of six 
independent experiments. (d) Summary data about the percentages of 
Tim-3+ within  CD8+ T cells at day 25 which is from panel c presented. 
Statistical significance was analyzed by repeated measures ANOVA.

Abbreviations
HCC: hepatocellular cancer; Tils: tumor-infiltrating lymphocytes; PD-1: pro-
grammed death 1; Tim-3: T cell immunoglobulin and mucin-domain-contain-
ing molecule 3; Tregs: regulatory T-cells; Tcm: central memory T cells.

Acknowledgements
The authors thank all of the patients and families that enrolled in this study. 
The authors are grateful to all staffs who contributed to this study.

Authors’ contributions
XD, SW and QG have designed the research; BX and LY analyzed data and 
wrote the paper, GC, TL and PQ performed experiments, JZ provided HCC 
samples, CZ analyzed the data,MMM revised the manuscript. All authors read 
and approved the final manuscript.

Funding
This project was supported by The National Natural Science Foundation of 
China (No. 81502468), Provincial-ministerial Co-construction Project of Henan 
Province Science and Technology Key Point Tackling Plan (SB201901114), 
and Henan Provincial Scientific and Technological Project (162102310046, 
182102310387).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
This study was approved by the Institute Ethical Committee of the Affiliated 
Cancer Hospital of Zhengzhou University, China. Written informed consents 
were obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Immunotherapy, The Affiliated Cancer Hospital of Zhengzhou 
University, Zhengzhou, Henan, People’s Republic of China. 2 Department 
of General Surgery, The Affiliated Cancer Hospital of Zhengzhou University, 
Zhengzhou, Henan, People’s Republic of China. 3 Department of Hepatobiliary 
and Pancreatic Surgery, The Affiliated Cancer Hospital of Zhengzhou Univer-
sity, Zhengzhou, Henan, People’s Republic of China. 4 Division of Immunother-
apy, Institute of Human Virology, University of Maryland, Baltimore, MD 21201, 
USA. 5 CAS Key Laboratory of Infection and Immunity, Institute of Biophysics, 
Chinese Academy of Sciences, Beijing, China. 

Received: 6 August 2019   Accepted: 19 November 2019

References
 1. Jiang SS, Tang Y, Zhang YJ, Weng DS, Zhou ZG, Pan K, Pan QZ, Wang QJ, 

Liu Q, He J, Zhao JJ, Li J, Chen MS, Chang AE, Li Q, Xia JC. A phase I clinical 
trial utilizing autologous tumor-infiltrating lymphocytes in patients with 
primary hepatocellular carcinoma. Oncotarget. 2015;6:41339–49.

 2. Crompton JG, Sukumar M, Roychoudhuri R, Clever D, Gros A, Eil RL, Tran 
E, Tran E, Hanada K, Yu Z, Palmer DC, Kerkar SP, Michalek RD, Upham T, 
Leonardi A, Acquavella N, Wang E, Marincola FM, Gattinoni L, Muranski 
P, Sundrud MS, Klebanoff CA, Rosenberg SA, Fearon DT, Restifo NP. Akt 
inhibition enhances expansion of potent tumor-specific lymphocytes 
with memory cell characteristics. Cancer Res. 2015;75:296–305.

 3. Urak R, Walter M, Lim L, Wong CW, Budde LE, Thomas S, Forman SJ, Wang 
X. Ex vivo Akt inhibition promotes the generation of potent CD19CAR T 
cells for adoptive immunotherapy. J Immunother Cancer. 2017;5:26.

 4. Rogel A, Willoughby JE, Buchan SL, Leonard HJ, Thirdborough SM, 
Al-Shamkhani A. Akt signaling is critical for memory CD8+ T-cell 
development and tumor immune surveillance. Proc Natl Acad Sci U S A. 
2017;114:E1178–87.

 5. Scheffel MJ, Scurti G, Wyatt MM, Garrett-Mayer E, Paulos CM, Nishimura 
MI, Voelkel-Johnson C. N-acetyl cysteine protects anti-melanoma 
cytotoxic T cells from exhaustion induced by rapid expansion via the 
downmodulation of Foxo1 in an Akt-dependent manner. Cancer Immu-
nol Immunother. 2018;67:691–702.

 6. Klebanoff CA, Crompton JG, Leonardi AJ, Yamamoto TN, Chandran SS, 
Eil RL, Sukumar M, Vodnala SK, Hu J, Ji Y, Clever D, Black MA, Gurusamy D, 
Kruhlak MJ, Jin P, Stroncek DF, Gattinoni L, Feldman SA, Restifo NP. Inhibi-
tion of AKT signaling uncouples T cell differentiation from expansion for 

https://doi.org/10.1186/s12935-019-1043-3
https://doi.org/10.1186/s12935-019-1043-3


Page 11 of 11Xu et al. Cancer Cell Int          (2019) 19:322 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

receptor-engineered adoptive immunotherapy. JCI Insight. 2017. https ://
doi.org/10.1172/jci.insig ht.95103 .

 7. Abu Eid R, Friedman KM, Mkrtichyan M, Walens A, King W, Janik J, Khleif 
SN. Akt1 and -2 inhibition diminishes terminal differentiation and 
enhances central memory  CD8+ T-cell proliferation and survival. Oncoim-
munology. 2015;4:e1005448.

 8. Tilly G, Doan-Ngoc TM, Yap M, Caristan A, Jacquemont L, Danger R, 
Cadoux M, Bruneau S, Giral M, Guerif P, Nicol B, Garcia A, Laplaud DA, 
Brouard S, Pecqueur Hellman C, Degauque N. IL-15 harnesses pro-inflam-
matory function of TEMRA CD8 in kidney-transplant recipients. Front 
Immunol. 2017;8:778.

 9. Huarte E, Fisher J, Turk MJ, Mellinger D, Foster C, Wolf B, Meehan KR, Fadul 
CE, Ernstoff MS. Ex vivo expansion of tumor specific lymphocytes with 
IL-15 and IL-21 for adoptive immunotherapy in melanoma. Cancer Lett. 
2009;285:80–8.

 10. Heon EK, Wulan H, Macdonald LP, Malek AO, Braunstein GH, Eaves CG, 
Schattner MD, Allen PM, Alexander MO, Hawkins CA, McGovern DW, 
Freeman RL, Amir EP, Huse JD, Zaltzman JS, Kauff NP, Meyers PG, Gleason 
MH, Overholtzer MG, Wiseman SS, Streutker CD, Asa SW, McAlindon TP, 
Newcomb PO, Sorensen PM, Press OA. IL-15 induces strong but short-
lived tumor-infiltrating CD8 T cell responses through the regulation of 
Tim-3 in breast cancer. Biochem Biophys Res Commun. 2015;464:360–6.

 11. Santegoets SJ, Turksma AW, Suhoski MM, Stam AG, Albelda SM, Hooijberg 
E, Scheper RJ, van den Eertwegh AJ, Gerritsen WR, Powell DJ Jr, June 
CH, de Gruijl TD. IL-21 promotes the expansion of CD27+ CD28+ tumor 
infiltrating lymphocytes with high cytotoxic potential and low collateral 
expansion of regulatory T cells. J Transl Med. 2013;11:37.

 12. Tao Q, Chen T, Tao L, Wang H, Pan Y, Xiong S, Zhai Z. IL-15 improves the 
cytotoxicity of cytokine-induced killer cells against leukemia cells by 
upregulating CD3+ CD56+ cells and downregulating regulatory T cells 
as well as IL-35. J Immunother. 2013;36:462–7.

 13. Hasan AN, Selvakumar A, Shabrova E, Liu XR, Afridi F, Heller G, Riviere I, 
Sadelain M, Dupont B, O’Reilly RJ. Soluble and membrane-bound inter-
leukin (IL)-15 Rα/IL-15 complexes mediate proliferation of high-avidity 
central memory CD8+ T cells for adoptive immunotherapy of cancer and 
infections. Clin Exp Immunol. 2016;186:249–65.

 14. Cheng L, Du X, Wang Z, Ju J, Jia M, Huang Q, Xing Q, Xu M, Tan Y, Liu M, 
Du P, Su L, Wang S. Hyper-IL-15 suppresses metastatic and autochtho-
nous liver cancer by promoting tumour-specific  CD8+ T cell responses. J 
Hepatol. 2014;61:1297–303.

 15. Cheng Liang, Xuexiang Du, Lishan Su, Wang Shengdian. Immunotherapy 
of metastatic and autochthonous liver cancer with IL-15/IL-15Rα fusion 
protein. Oncoimmunology. 2014;3:e963409.

 16. Liu Z, Meng Q, Bartek J Jr, Poiret T, Persson O, Rane L, Rangelova E, Illies 
C, Peredo IH, Luo X, Rao MV, Robertson RA, Dodoo E, Maeurer M. Tumor-
infiltrating lymphocytes (Tils) from patients with glioma. Oncoimmunol-
ogy. 2016;6:e1252894.

 17. Xu B, Yuan L, Gao Q, Yuan P, Zhao P, Yuan H, Fan H, Li T, Qin P, Han L, Fang 
W, Suo Z. Circulating and tumor-infiltrating Tim-3 in patients with colo-
rectal cancer. Oncotarget. 2015;6:20592–603.

 18. Berger C, Jensen MC, Lansdorp PM, Gough M, Elliott C, Riddell SR. 
Adoptive transfer of effector CD8C T cells derived from central memory 
cells establishes persistent T cell memory in primates. J Clin Investigat. 
2008;118:294–305.

 19. Yuan L, Xu B, Yuan P, Zhou J, Qin P, Han L, Chen G, Wang Z, Run Z, Zhao 
P, Gao Q. Tumor-infiltrating CD4+ T cells in patients with gastric cancer. 
Cancer Cell Int. 2017;17:114.

 20. Dudley ME, Wunderlich JR, Shelton TE, Even J, Rosenberg SA. Generation 
of tumor-infiltrating lymphocyte cultures for use in adoptive transfer 
therapy for melanoma patients. J Immunother. 2003;26:332–42.

 21. Owens GL, Price MJ, Cheadle EJ, Hawkins RE, Gilham DE, Edmondson RJ. 
Ex vivo expanded tumour-infiltrating lymphocytes from ovarian cancer 
patients release anti-tumour cytokines in response to autologous primary 
ovarian cancer cells. Cancer Immunol Immunother. 2018;67:1519–31.

 22. Wherry EJ, Teichgraber V, Becker TC, Masopust D, Kaech SM, Antia R, von 
Andrian UH, Ahmed R. Lineage relationship and protective immunity of 
memory CD8 T cell subsets. Nat Immunol. 2003;4:225–34.

 23. Fernandez-Poma SM, Salas-Benito D, Lozano T, Casares N, Riezu-Boj JI, 
Mancheño U, Elizalde E, Alignani D, Zubeldia N, Otano I, Conde E, Sarobe 
P, Lasarte JJ, Hervas-Stubbs S. Expansion of tumor-infiltrating CD8+ T cells 
expressing PD-1 improves the efficacy of adoptive T-cell therapy. Cancer 
Res. 2017;77:3672–84.

 24. Zhang L, Wang J, Wei F, Wang K, Sun Q, Yang F, Jin H, Zheng Y, Zhao 
H, Wang L, Yu W, Zhang X, An Y, Yang L, Zhang X, Ren X. Profiling the 
dynamic expression of checkpoint molecules on cytokine-induced 
killer cells from non-small-cell lung cancer patients. Oncotarget. 
2016;7:43604–15.

 25. Patsoukis N, Weaver JD, Strauss L, Herbel C, Seth P, Boussiotis VA. Immu-
nometabolic regulations mediated by coinhibitory receptors and their 
impact on T cell immune responses. Front Immunol. 2017;8:330.

 26. Weng J, Moriarty KE, Baio FE, Chu F, Kim SD, He J, Jie Z, Xie X, Ma W, Qian J, 
Zhang L, Yang J, Yi Q, Neelapu SS, Kwak LW. IL-15 enhances the antitumor 
effect of human antigen-specific CD8+ T cells by cellular senescence 
delay. Oncoimmunology. 2016;5:e1237327.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1172/jci.insight.95103
https://doi.org/10.1172/jci.insight.95103

	S-15 in combination of Akt inhibitor promotes the expansion of CD45RA−CCR7+ tumor infiltrating lymphocytes with high cytotoxic potential and downregulating PD-1+Tim-3+ cells as well as regulatory T cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Patients
	Vector construction, recombinant protein preparation
	Isolation of Tils and the in vitro culture
	Phenotypic analysis
	Intracellular IFN-γ staining assay
	Data analyses and statistics

	Results
	Combination of S-15 and Akt inhibition does not compromise Tils expansion
	Combination of S-15 and Akt inhibition promote the expression of CD45RA−CCR7+ in human Tils
	Combination of S-15 and Akt inhibition downregulated the expression of PD-1 and Tim-3 on Tils
	Combination of S-15 and Akt inhibition decreases the Treg cells in Tils
	Combination of S-15 and Akt inhibition increases the IFN-γ producing tumor infiltrating CD8+ T cells

	Discussion
	Conclusion
	Acknowledgements
	References




