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Abstract
Escherichia coli Nissle 1917 (EcN) is non-pathogenic probiotic bacteria. Previous studies have indicated
that EcN can accumulate and proliferate selectively in solid tumours in BALB/c mouse models. In this
study, EcN was engineered to express human interleukin 2 (hIL-2), which is known to enhance immune
responses to tumours by activating a variety of immune cells. IL-2 expressed by EcN was proven to
activate PBMCs in vitro. Compared to control EcN, intraperitoneally injected EcN expressing hIL-2
(EcN(hIL-2)) was selectively distributed in the tumour microenvironment and inhibited the growth of CT26
tumours in a tumour-bearing mouse model. Antitumour activity was achieved without toxicity to key
normal organs and tissues, such as liver, spleen and kidneys. The antitumour mechanism was associated
with the in�ltration of in�ammatory cells, such as T cells, neutrophils and macrophages. These �ndings
provide evidence that the combination of tumour-targeting EcN bacteria and delivery of the
immunostimulatory factor IL-2 can be exploited as a promising tumour immunotherapy.

Introduction
Immune system function is often inhibited in the microenvironment of solid tumours[1-5]. Therefore,
many attempts are being made to activate immune responses against tumours[6]. Tumour-targeted
therapy is a promising treatment method for many malignant tumours. Among the probiotics used in
research in recent years, E. coli Nissle 1917 (EcN) is currently the only Gram-negative bacteria in use, and
it is also one of the most widely studied probiotics in the world[7]. EcN is an ideal carrier for vaccines,
cytokines and other substances because of its innocuity and versatility in bioengineering. For example,
genetically engineered EcN can be used to secrete cystatin, a nematode immunomodulator, in the
intestinal tract to treat experimental colitis in mice or pigs[8]. Previous studies have indicated that
systematically administered Escherichia coli Nissle 1917 (EcN) can accumulate and proliferate
selectively in the interface between the viable and necrotic regions of solid tumours[9].

The immunoregulatory cytokine interleukin-2 (IL-2) is a growth and activating factor for a variety of
immune cells, including T cells and NK cells[10]. The cytokine IL-2 is an effective T cell mitogen and
activator, which can expand the function of T cells maintain the proliferation of T lymphovitro for a long
time, stimulate T cells to enter the cell division cycle and increase the immune clearance rate of tumors in
the immunosuppressed tumor microenvironment[11]. Meanwhile, IL-2 can promote the production of NK
or T cell-derived cytokines, such as TNF-α, IFN-γ and GM-CSF, which can boost antitumour immunity, and
these molecules have synergistic effects[12-14]. IL-2 interacts with receptors on lymphocytes such as
LAK cells, NK cells, T lymphocytes, etc., to stimulate the proliferation of immune cells and regulate the
function of immune cells, so as to �nally achieve the purpose of inhibiting tumor growth[15]. Therefore,
we hypothesized that tumour-targeting bacteria expressing the immune-activating cytokine IL-2 may
optimally modify the immune microenvironment and improve antitumour effects.

In this study, EcN bacteria were engineered to express soluble human IL-2, with the aim of improving the
immune function of tumour-bearing mice and inhibiting the growth of tumours. To exploit the role of IL-2
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delivered by EcN in tumour tissue, CT26 colon cancer cells were implanted subcutaneously in syngeneic
BALB/c mice, and after the tumour was established, EcN(hIL-2) was injected intraperitoneally into the
tumour-bearing mouse. Immunohistochemical results showed that EcN(hIL-2) speci�cally localized in the
tumour region and that IL-2 was released in the tumour tissue. Tumour growth in the EcN(hIL-2) group
was inhibited approximately 53.91% compared with that in the PBS control group. A myriad of necrotic
tumour cells could be observed in the tumour tissue of the EcN (hIL-2)-treated group. To assess the
toxicity induced by EcN (hIL-2), we measured the body weight of tumour-bearing mice every two days.
These mice were sacri�ced after 7 days, and the liver, kidneys and the spleen of the mice in each group
were excised and weighed. There was no difference in either body or organ weight between the
experimental and control groups. We also investigated the distribution of engineered bacteria in the liver,
kidneys and the spleen of tumour-bearing mice using an IVIS spectrum[16, 17] and found that the
numbers of bacteria in these organs were signi�cantly lower than those in tumours.

To further explore the antitumour mechanism of these engineered bacteria, local immune responses
induced by EcN(hIL-2) were also detected by H&E staining of tissue sections. Immune cells, such as T
lymphocytes, neutrophils and macrophages, in�ltrated the tumour microenvironment, but the control
groups had insu�cient immune cell in�ltration. We also examined the cytokines IFN-γ and TGF-β in the
serum, as IFN-γ is a known key mediator of IL-2 toxicity and TGF-β is an inhibitory factor. The results
showed that EcN(hIL-2) treatment was associated with signi�cantly elevated IFN-γ expression and
decreased TGF-β expression.

Results
Expression analysis of the IL-2 protein in vitro

To allow expression of the IL-2 protein in a prokaryotic system, the IL-2 gene was cloned into three
different inducible expression vectors (Supplementary Fig. 1 A, 1 B and 1 C). The differential proteins
expressed by the three recombinant plasmids in E. coli BL21 (DE3) were veri�ed by Western blotting and
mass spectrometry, which proved that the target protein IL-2 was successfully expressed (Supplementary
Fig.2 and Table S1). Coomassie Brilliant Blue staining showed that the recombinant protein showed
soluble expression under the action of SUMO and IF2 tags (Fig. 1 A). Engineered bacteria need to
continuously secrete recombinant proteins inside a tumour, induce immune cell activation, attack tumour
cells, and inhibit tumour growth. Therefore, the IL-2 protein can be continuously expressed in hypoxic
tumours under the oxygen-dependent promoter of the haemoglobin gene (vhb) of Vitreoscilla and the
pelB leader sequence (Fig. 1B and Supplementary Fig. 3). Engineered bacteria were cultured overnight in
LB medium, and the recombinant protein was successfully expressed in engineered EcN bacteria, as
veri�ed by SDS-PAGE analysis (Fig. 1 C). Western blot analysis indicated that the IL-2 protein was
presented in both the cell lysate and medium supernatant of EcN (hIL-2) (Fig. 1 D). To reduce the effect of
tags on IL-2 protein activity, a SUMO fusion system with a relatively low molecular weight was selected
for subsequent experimental research.
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SUMO-IL-2 protein can promote the proliferation of PBMCs

BL21 (pSmartI-IL 2) bacteria were cultured, and IL-2 protein was collected by Ni-NTA Se�nose (TM) Resin
Kit. The IL-2 protein at different concentrations was cocultured with peripheral blood mononuclear cells
(PBMCs), and PBS was added to the control group. PBMCs were cocultured with the recombinant protein
for 24 h, and then Cell Counting Kit-8 was added to detect the cell survival rate. The results showed that
cell proliferation was obviously promoted after the addition of SUMO-IL-2 (Sumo is the solubilizing label
on pSmartI), and the proliferation rate of cells also increased as the SUMO-IL-2 protein concentration
increased (Fig. 2 A). Additionally, the cell culture medium was centrifuged after the incubation, and the
culture supernatant was collected. The concentrations of IFN-γ and TGF-β in the supernatant of the
culture medium were detected by enzyme-linked immunosorbent assay (ELISA). The results showed that
compared with that in the supernatant of the control group, the concentration of IFN-γ in the supernatant
of the experimental group was signi�cantly increased (Fig. 2 B), while the concentration of TGF-β was
signi�cantly decreased (Fig. 2 C).

EcN speci�cally colonizes tumour regions in tumour-bearing mice

An IVIS can accurately observe the real-time location of bacteria in animals without causing damage to
the animals[16, 17]. After intraperitoneal injection of 5×106 CFU/100 µL EcN(Lux)[18] into tumour-bearing
mice in the experimental group and injection of sterile PBS into tumour-bearing mice in the control group,
bacterial colonization in the mice was observed by an IVIS. The results showed that the tumour-bearing
mice exhibited a signi�cant �uorescence signal in the tumour area for 5 days after the bacteria were
injected, and the �uorescence signal was still observed on the 7th day after injection (Fig. 3 A). The
control group did not exhibit a detectable signal. After the mice were euthanized on the 7th day, the
tumour, liver, kidneys and spleen of the mice were obtained. IVIS analysis showed that 5 days after
EcN(Lux) was intraperitoneally injected into tumour-bearing mice, a strong �uorescence signal was
detected in the tumour tissues of the mice, and no �uorescence signal was detected in other organs (Fig.
3 B). These results showed that EcN has excellent targeting to the tumours in CT26 tumour-bearing mice.
Bacteria can quickly accumulate in the tumour area and grow and reproduce in the tumour area after
intraperitoneal injection into mice, while bacteria in other parts of mice can be removed by the local
immune response quickly.

Antitumour effect of EcN(hIL-2)

To validate the successful expression of the IL-2 molecule carried by EcN in tumour areas, we performed
immunohistochemistry on samples from each group of mouse tumours. Mice were euthanized on the 7th
day after the third administration, and the tumour tissue was removed, �xed in 4% paraformaldehyde, and
then embedded in para�n. These results showed that a yellow-grey signal appeared in the tumour tissue
sections of the EcN (hIL-2) experimental group, while those of the other three groups did not show a
positive signal (Fig. 4 A). These results indicate that IL-2 is successfully expressed in the tumour region.
The antibody used in immunohistochemistry is Anti-His Tag Rabbit Polyclonal Antibody.
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To evaluate the antitumour e�cacy of EcN (IL-2), we subcutaneously injected CT26 colon cancer cells
into the right axillary area of BALB/c mice. The resultant xenograft tumour model was used to study the
antitumour effect of EcN (hIL-2). When the tumours in the mice grew to approximately 60 mm3, the mice
were randomly divided into 4 groups (n = 5, 6, or 7), and the groups were treated respectively by
intraperitoneal injection of sterile PBS, EcN, EcN (28a) or EcN (hIL-2). Body weight and tumour volume
were measured every two days during the observation period until the animals were sacri�ced. The
results of the experiment showed that the tumour growth in the EcN (hIL-2) group was signi�cantly
inhibited (Fig. 4 B), while the xenograft tumour growth in the other three groups have no difference. The
�nal tumour weight of the EcN (hIL-2) group was also signi�cantly lower than that of the other 3 groups
(Fig. 4 C). The tumour volume in the PBS group reached 4.93 ±1.35 cm3, but the tumour volume in the
EcN (hIL-2) group was signi�cantly smaller, reaching a volume of 2.32 ± 1.43 mm3. Tumour volume was
calculated according to the formula (Table 1). Tumour growth in the EcN (hIL-2) group was inhibited
approximately 53.91% compared to that in the PBS group.

Tumour histomorphology and safety monitoring of E. coli Nissle 1917

Haematoxylin-eosin staining (H&E staining) is one of the commonly used staining methods for para�n
sections. Haematoxylin dyeing solutions are alkaline, mainly causing chromatin in the nucleus and
nucleic acid in the cytoplasm to be stained purple-blue; eosin is an acidic dye, which mainly stains the
components in the cytoplasm and the extracellular matrix red. Our experimental results showed that the
tumour staining results in the PBS group showed normal tumour cell morphology, and no necrotic areas
were observed. However, in�ltrating in�ammatory cells were observed in the EcN experimental group, and
the cell morphology was irregular, the phenomenon that in�ammatory cells gather in the in�ammatory
focus. (Fig. 5 A).

Additionally, we also performed H&E staining of liver, kidney and spleen tissues from the PBS group and
EcN experimental group. The results showed that there was no signi�cant change in histopathological
morphology in the liver, kidneys or spleen between the two groups, indicating that EcN had no obvious
side effects on the liver, kidneys or spleen in mice (Fig. 5 A). During the experiment, to assess the
systemic effects of EcN on the whole body after intraperitoneal injection, we measured mouse body
weight every two days. At the end of the experiment, the liver, kidneys and spleen of the mice in each
group were excised and weighed, and there were no differences in weight among the four groups (Fig. 5
B). Although the mice exhibited a slight decrease in body weight during treatment, they all approached
the same weight by the end of the experiment (Fig. 5 C). All of the above results demonstrate that the
toxicity of intraperitoneal administration of EcN to mice is negligible.

Examining the tumour microenvironment

We explored the mechanism underlying the antitumour immune activity of EcN (hIL-2) in a CT26 colon
cancer tumour model. We investigated the immune cell pro�le in the tumour microenvironment and the
changes in cytokines in the blood using the CT26 tumour model. We selected speci�c antibodies to be
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combined with antigens on the surface of T lymphocytes, neutrophils and M1 macrophages, and
compared the changes in the content of these three cells in the four groups of tumors by
immunohistochemistry. Immunohistochemical results showed that the levels of tumour-in�ltrating T
lymphocytes and neutrophils were increased in the EcN (hIL-2)-treated group compared with the other
three groups (Fig. 6 A, B). The results also showed an increase in the level of M1 macrophages in the total
macrophage population in the tumour microenvironment after treatment with EcN (hIL-2) (Fig. 6 C). We
believe that the yellow signals in the other three groups are the original T lymphocytes, neutrophils and
M1 macrophages in the mouse tumor tissues, while the EcN (hIL-2) treatment group has a large area of
yellow signals, and the positive signal can be seen more clearly from the 400× partial enlarged image.
This can further explain the increase in the number of T lymphocytes, neutrophils and M1 macrophages
in tumor-bearing mice after EcN (hIL-2) treatment. Next, we examined the levels of two immune factors in
the blood in four groups of mice. The data showed that the IFN-γ level was signi�cantly increased and the
TGF-β level was decreased in the blood of mice in the EcN (hIL-2)-treated group compared with that of
mice in the other experimental groups (Fig. 6 D, E). Collectively, these data indicate that EcN (hIL-2)
treatment improves the immune microenvironment of tumour-bearing mice to some extent, leading to
improved survival outcomes after EcN (hIL-2) treatment.

Discussion
Tumour-targeted therapies and immunotherapy have raised hope for curing many malignant cancers[19].
Live tumour-targeting bacteria are a distinctive option for tumour therapy. Bacterial vectors can be
reprogrammed following simple genetic rules or sophisticated synthetic bioengineering principles to
produce and deliver antitumour agents based on clinical needs. Attenuated Salmonella typhimurium,
Clostridium novyi, Bi�dobacterium and Listeria strains have been tested in animal models and have
shown preferential targeting of solid tumours, and several of these strains have advanced to clinical
trials[20-24]. Various therapeutic payloads delivered by these tumour-targeting bacteria have since been
developed [25-27]. However, these strains (except Bi�dobacterium) are all pathogenic bacteria, and
systemic toxicity limits their clinical use. Although researchers have been focused on attenuating the
virulence of these bacteria, there are many challenges.

 Escherichia coli Nissle 1917 (EcN) is known to be avirulent and consumed as the probiotic preparation
Muta�or, which is used for the treatment of various intestinal disorders; EcN successfully colonizes the
human gut and can survive and proliferate in both hypoxic and oxygenated environments[28, 29].
Previous studies have demonstrated that EcN has excellent performance in preferentially localizing to
tumours when administered systematically or orally to different tumour-bearing mouse models[9, 18].
EcN has also been engineered to deliver various antitumour agents and displays signi�cant tumour-
suppressive effects[18, 30],[31].

IL-2 is a monomeric secreted glycoprotein with a molecular weight of 15 kDa that exerts a wide spectrum
of effects on the immune system and plays crucial roles in regulating both immune activation and
homeostasis[14]. It was approved for use in clinical cancer immunotherapy several years ago. However,
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high-dose IL-2 administration can result in severe systemic toxicity, such as malaise, fever, anasarca,
jaundice, renal dysfunction and capillary leak syndrome, in many patients[32, 33]. Researchers have
attempted to diminish the adverse effects of systemically administered IL-2 by altering the dose, schedule
and route of administration[34-38]. Nevertheless, the toxic effects of IL-2 therapy persist to various
degrees[39]. These shortcomings have made it necessary to create a better method of using IL-2 for
tumour therapy. Localized administration delivered by tumour-targeting bacteria is an appropriate option.
In an attempt to establish a local delivery system for IL-2 that may diminish or prevent side effects, Denial
A and colleagues used attenuated Salmonella typhimurium to produce the human IL-2 protein and
signi�cantly reduced the hepatic metastasis of colon cancer through gavage feeding of their engineered
bacteria to model mice[40, 41].

Based on the current understanding of the tumour microenvironment and recombinant DNA technology,
in this study, we addressed three major questions. First, engineered EcN expressing IL-2 can target CT26
in model mice. Second, IL-2 can enhance immune responses in the tumour microenvironment. Last,
improved immune responses can disturb tumour tissues and suppress tumour growth. To achieve
sustained high levels of IL-2 in the tumour microenvironment while avoiding systemic toxicity, we utilized
the oxygen-dependent promoter of the haemoglobin gene (vhb) of Vitreoscilla and the pelB leader
sequence to facilitate IL-2 expression in the hypoxic tumour region. These engineered bacteria containing
IL-2 are similar to a vaccine against tumours, and this vaccination strategy does not require knowledge of
tumour antigens. Therefore, this approach may have advantages over nonimmunogenic approaches.

Taken together, our data demonstrate that the tumour-targeted bacteria EcN can express soluble hIL-2,
localize in solid tumours and elicit local immune responses that induce tumour suppression while
avoiding systemic toxicity. This live vector system is relatively inexpensive and does not require vast
laboratory resources to produce antitumour reagents. However, the clinical development of live bacteria
as therapeutic agents faces substantial hurdles mainly because of potential infection-associated
toxicities, especially when administered systematically. Major efforts should be made to develop proper
administration routes that can minimize systemic toxicities. Employing an oral route of administration in
a syngeneic, xenograft CT26 colon cancer mouse model and exploring the cellular and immunological
mechanisms of how EcN(hIL-2) facilitates the inhibition of tumours are the subjects of our ongoing
research.

Materials And Methods
Animals and cell culture

All animal experiments followed the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and were approved by the Animal Ethics Committee of Hunan Normal University.
Speci�c pathogen-free (SPF), male BALB/c mice were purchased from the SLRC Laboratory Animal
Company (Hunan, China), and used at 6-8 weeks of age. CT26 colon carcinoma lines were maintained by
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our laboratory, and peripheral blood mononuclear cells (PBMCs) were purchased from Allcells
Biotechnology (Shanghai) Co., Ltd.

CT26 cell suspensions were seeded in a cell culture dish, and 8 mL RPMI-1640 medium containing 10%
FBS was added to resuspend the cells, which were cultured at 37°C in a 5% CO2 incubator. The cell culture
medium was changed every day. PBMCs frozen in liquid nitrogen were thawed and resuspended in RPMI-
1640 medium containing 10% FBS at a �nal concentration of 5×106. The PBMCs were inoculated into 96-
well plates, and different concentrations of recombinant protein were added. After 48h of incubation at
37°C in a 5% CO2 incubator, Cell Counting Kit-8 (CCK-8) was used for detection. CT26 cells are stored in
this laboratory. CCK-8 is an upgraded product of MTT, and its working principle is that it can be reduced
by dehydrogenase in mitochondria in the presence of electronic coupling reagent to produce highly water-
soluble orange-yellow formazan. The color is directly proportional to cell proliferation and inversely
proportional to cytotoxicity. OD value was measured at 450nm by microplate reader, which indirectly
re�ected the number of living cells.

Gene cloning and soluble expression of IL-2

E. coli bacteria (pINCY-IL-2) were a gift from Li Qing in Wuhan. The primers used in the study are listed in
Supplementary Table 2. IL-2 was cloned into the BamH I and Hind III restriction sites of pET- 28a, pSmart-I
(a small ubiquitin-related modi�er-SUMO fusion expression system) and pSmart II (an initiation factor-IF2
protein structure domain I fusion expression system). The three plasmids (pET-28a-IL 2, pSmart-I-IL 2, and
pSmart-II-IL 2) were transformed into E. coli BL21(DE3) cells, cultured at 37 °C and 220 rpm overnight,
and transferred into 2% LB medium supplemented with 50 μg/ml kanamycin. Until the OD600 value
reached 0.4–0.6, IPTG (�nal concentration of 0.4-0.5 μg/mL) was added, and incubation was performed
for 120 min at 30°C. The bacteria-inducing culture solution was placed in an EP (eppendorf) tube and
centrifuged at 9000 rpm for 3 min to collect the cells. After washing twice and resuspension in a mixture
of 50 mM NaH2PO4 and 300 mM NaCl at pH 8.0, the cells were lysed by sonication, and the supernatants
and pellets were analysed by sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–PAGE)
after centrifugation. The recombinant protein was cut out of the gel with a scalpel and identi�ed by LTQ
XL mass spectrometry (Thermo Fisher) after proteolysis.

Construction of EcN expression strains

The Vitreoscilla haemoglobin gene promoter Pvhb was ampli�ed from pET-28a-Pvhb-pelB-asp (Lab
Store). In addition, the Sumo–IL 2 fragment was ampli�ed from pSmart-I-IL 2 (constructed in this study).
Pvhb-pelB-SUMO-IL 2 was obtained by overlap extension PCR and inserted into pET-28a after digestion by
Apa I and Hind III. The sequenced vector was transformed into EcN, which was then named EcN (hIL-2).

Tumour inoculation and animal studies

Animals were quarantined for 1 week prior to their use in the study. For the colorectal tumour model,
1×105 CT26 cancer cells suspended in 100 µL PBS were injected subcutaneously into the right axillary
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region of BALB/c mice.

After the tumour volume reached approximately 60 mm3, the mice were randomly divided into 4 groups
(5-7 mice per group). EcN, EcN (28a), and EcN (IL 2) were activated overnight, and EcN(28a) refers to the
EcN strain containing pET28a plasmid. For intraperitoneal injection of sterile PBS, EcN, EcN (28a) or EcN
(IL 2) into the mice, the number of bacteria injected was 5×106 colony forming units (CFU)/100 μL, and
the injections were performed once every 7 days, for a total of 3 injections. Then, the mice were sacri�ced
and analysed on the fourteenth day, and the tumour, liver, kidney, and spleen weights of the mice were
measured after the end of the experiment. Tumour volumes were determined by measuring two
perpendicular diameters with a calliper according to the formula volume = (a×b2)/2, where a is the largest
dimension and b is the smallest dimension of the tumour. Body weight and tumour volume were
measured every 2 days over the whole experiment. The antitumour activities of the treatments were
evaluated by monitoring tumour growth inhibition. The tumour suppression percentage was calculated by
the following computational formula: (control group-treatment group) / control group ×100% (with
tumour volume or tumour weight used for calculations).

Non-invasive in vivo imaging

The bacterial distribution was monitored in injected mice. After 10 days of modelling in tumour-bearing
mice, when the tumours of the mice had grown to approximately 100 mm3, the mice were
intraperitoneally (i.p.) injected with 5×106 CFU/100 μL EcN (Lux) (the plasmid is preserved in our
laboratory) to observe the colonization of living animals by the bacteria at different time points using an
in vivo imaging system (IVIS; Calipers). The mice were anaesthetized with 2% iso�urane by using an XGI-
8 gas system (Calipers). The mice were sacri�ced 1 day or 7 days after the injection of EcN (Lux), and the
tumour, liver, kidneys and spleen of the mice were dissected. The distribution of bacteria in each tissue
was observed by IVIS.

Histological morphology and the tumour microenvironment

Tumours isolated from mice after sacri�ce were placed in 4% paraformaldehyde overnight and then
embedded in para�n. Then, the tumours were prepared for haematoxylin and eosin staining and
immunohistochemical staining assays in accordance with standard laboratory procedures. Using the
principle of speci�c binding of antigen and antibody, the color reagent (�uorescein, enzyme, metal ion,
isotope) of the labeled antibody is developed by chemical reaction to determine the antigen (polypeptide
and protein) in the tissue cell, and locate and characterize it And relative quantitative research is called
immunohistochemistry or immunocytochemistry.

The expression of IL-2 and changes in several important immune factors within the tumour
microenvironment were analysed by immunohistochemical staining. The liver, spleen, and kidneys of the
mice in the PBS group and EcN groups were also prepared for H&E staining to determine whether EcN has
noticeable toxicity to mice.
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After the cell experiment and the mouse experiment, the cell culture supernatant and mouse serum were
separately collected, and γ-interferon (IFN-γ) and transforming growth factor-β (TGF-β) levels were
measured by ELISA.

Statistics

All data are expressed as the mean ± standard deviation and were analysed using IBM SPSS statistics
21.0 software. Statistical analyses were performed using an unpaired Student’s t-test. Differences with P
values less than 0.05 were considered to be statistically signi�cant, whereas P < 0.01 was considered to
be very signi�cant.
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Table
Table 1: The comparison of tumor volume, tumor weight of CT26 cancer of the BALB/c mice

Group Mean Tumor Volume (cm3) Mean Tumor Weight (g)

PBS 4.93 ±1.35 6.41 ± 1.22
EcN 5.53 ± 1.43 6.74 ± 1.35
EcN (28a) 4.62 ± 1.67 6.38 ± 0.91
EcN (IL-2) 2.32 ± 1.43 (53.91%)** 3.48 ± 1.49 (45.71%)*

Figures
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Figure 1

Characterization of IL-2 expression in vitro. (A) Coomassie Brilliant Blue staining of an SDS–PAGE gel
showing IL-2 expression in E. coli BL21 (DE3). (B) Map of the recombination plasmid containing the IL-2
gene. (C) SDS–PAGE analysis of IL-2 expression in EcN, EcN (28a), and EcN (hIL-2). (D) Western blot
analysis of IL-2 expression in cell lysates (supernatants) or culture supernatants of EcN, EcN (28a), and
EcN (hIL-2); In the �gure Sup stands for supernatants.
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Figure 2

SUMO-IL-2 protein promotes the proliferation of PBMCs. The SUMO-IL-2 protein was divided into 5
different concentrations and incubated with PBMCs for 24 h before cell viability was detected. (A) A CCK-
8 kit was used to detect cell viability after the incubation. ELISA was used to detect the concentrations of
IFN-γ (B) and TGF-β (B) in the culture supernatant. Different letters indicate signi�cant differences (P
<0.05); the same letters indicate no signi�cant difference.
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Figure 3

Colonization of a CT26 tumour model mice with EcN. CT26 cancer cells were inoculated subcutaneously
in the right axilla of BALB/c mice, and 7 days later, the mice were i.p. injected with 5×106 CFU/100 μL
EcN (Lux). (A) An IVIS was used to detect the distribution of EcN in tumour-bearing mice at different time
points. (B) Liver, kidneys and spleen of mice in the two groups of mice were isolated and observed using
the IVIS.
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Figure 4

Stable expression of EcN (hIL-2) in tumour regions and its inhibition of CT26 colon tumours. (A)
Successful expression of IL-2 in tumours was veri�ed by IHC (200×). The red arrow refers to positive
staining (400×). The therapeutic effect of EcN (hIL-2) on CT26 tumour-bearing mice was examined. (B)
PBS, EcN, EcN (28a) or EcN (hIL-2) was injected i.p. into mice (bacterial injections contained 5×106
CFU/100 μL), and tumour volumes (cm 3) were estimated using external callipers (values are expressed
as the mean ± standard deviation [SD]). (C) Tumours in the EcN (hIL-2)-treated group were signi�cantly
smaller than those in the other three groups. After the mice were sacri�ced, their tumours were dissected
and weighed; * P <0.05, ** P <0.01.
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Figure 5

H&E staining of tumour tissue sections and the effect of EcN on the liver, kidneys, spleen and body weight
of mice. (A) H&E staining (200×) of tumour tissue sections was used to observe an invasive in�ammatory
phenomenon in tumour tissue. H&E staining (200×) of the liver, kidneys and spleen was used to observe
the pathological morphology of the biopsies. (B) After mice in the four groups were sacri�ced, the liver,
kidneys and spleen of the mice were weighed (shown as the mean and SD). (C) Mouse body weights
were recorded every two days during the experiment. No signi�cant differences were observed among the
four groups of mice.
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Figure 6

Immune status change in the tumour microenvironment post-bacterial treatments. In total, 1×105 CT26
cancer cells were inoculated subcutaneously into the right axilla of BALB/c mice, which were then treated
with PBS, EcN, EcN (28a) or EcN (hIL-2) at 7 days post-tumour inoculation. At the end of the experiment,
the mice were sacri�ced, and tumours were collected to determine T lymphocyte (A), neutrophil (B) and
M1 macrophage (C) levels by immunohistochemistry. The red arrow refers to positive staining (400×).



Page 21/21

Blood was collected from mice, and the tumour microenvironment was assessed by measuring INF-γ and
TGF-β levels in the serum by ELISA (D, E); * P < 0.05.
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