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1. Introduction
In the last few years, natural killer (NK) cell-based 

immunotherapy has emerged as a promising therapeutic 
approach for solid tumors and hematological malignancies 
[1]. NK cells are innate lymphocytes with an array of func-
tional competencies, including anti-cancer, anti-viral, and 
anti-graft-vs-host disease potential [2]. The intriguing idea 
of harnessing such potent innate immune system effectors 
for cancer treatment led to the development of clinical 
trials based on the adoptive therapy of NK cells or on the 
use of monoclonal antibodies targeting the main NK cell 
immune checkpoints [3, 4]. 

The distorted metabolic environment inside the tumor 
stimulates the secretion of many cytokines, which in turn 
stimulate the production of blood vessels inside the tu-
mor. And the relationship between cancer and abnormal 
blood coagulation has been recognized for over 100 years 
[5-8]. Previous studies have confirmed that Coagulation 
Factor I is an important component of tumor extracellular 
matrix, which plays an important role in the process of 
tumor occurrence, development and metastasis [9, 10]. It 
can be used as a scaffold for tumor cell adhesion and shed-
ding to promote tumor implantation, growth and metas-
tasis [11]. Thrombosis frequently complicates the course 

of the disease and may be the presenting symptom. Many 
cancer patients, especially those with metastatic disease, 
have detectable blood coagulation abnormalities, inclu-
ding thrombocytosis, hyperfibrinogenemia and elevated 
markers of coagulation activation such as Fibrinopeptide-
G (Fpg) [12, 13]. Although markers of clotting activation 
usually just non-specifically reflect the presence of intra-
vascular coagulation, particularly high circulating levels 
of soluble fibrin monomer, an intermediate product of 
thrombin-mediated fibrin formation, which may suggest 
an undiagnosed malignancy [14].

The latest experimental studies show that Batroxobin 
has an obvious defibrination effect, and it has a significant 
inhibitory function on tumor growth and metastasis [15, 
16]. In addition, by combining it with the NK cell adop-
tive therapy and using the arterial infusion method, a high 
concentration of Batroxobin is injected into the tumor in a 
short time during the NK cell immunotherapy, so that the 
efficacy of Batroxobin reaches its peak in the shortest time. 
In this way, the anti-tumor effect of Batroxobin itself can 
be maximized. It can also improve the microcirculation by 
reducing the local and plasma FIB levels of the tumor so 
that the NK cells can fully contact the tumor cells, so as 
to give full play to its maximum effectiveness [17]. The-
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refore, the combination of NK cell adoptive therapy and 
Batroxobin infusion can enhance the therapeutic effect of 
each other and have a significant synergistic effect. Howe-
ver, there have been numerous reports of bartoxase inhibi-
ting tumor growth and metastasis. In addition, the efficacy 
and advantages of NK cells combined with Batroxobin 
perfusion in the treatment of tumor are still only prelimi-
nary inferential and need further clinical confirmation and 
research.

2. Materials and methods
2.1. Animals

55 Mice on a BALB/c background aged at 6 weeks 
were purchased from xxxx,all mice were kept on a 12-h 
light/dark cycle in a temperature-controlled room with 
free food and water.

2.2. Animal models
Forty SPF male, 6-week-old C57BL/6 healthy mice 

were purchased from Henan Skibes Biotechnology Co., 
LTD., Experimental Animal License No. : SCXK (Henan) 
2020-0005. In addition to the normal control group, mice 
in model group were subcutaneously inoculated with 0.1 
ml Lewis lung cancer cell suspension in the right axilla, 
which was a lung cancer mouse model.

(1) Normal control group (n=8): The same volume of 
normal saline was injected intraperitoneally once every 
other day.

(2) Model control group (n=8): The same volume of 
normal saline was injected intraperitoneally once every 
other day.

(3) Batroxobin group (n=8): 8 BU/kg Batroxobin was 
intraperitoneally injected once every other day.

(4) NK cell group (n=8): 1×107 NK cells were injected 
through the tail vein every 4 days.

(5) Batroxobin combined with theNK cell group (n=8): 
8 BU/kg Batroxobin was intraperitoneally injected once 
every other day, and 1×107 NK cells were injected through 
the tail vein at an interval of 4 days.

2.3. NK cell extraction
Fifteen mice were purchased from Hangzhou Medi-

cal College (Production), Laboratory Animal License No: 
SCXK (Zhejiang) 2019-0002. The formal experiment be-
gan after all the experimental animals were reared for a 
week. After the mice were sacrificed with broken necks, 
they were immersed in 75% ethanol solution for 10 min. 
The spleen of mice was removed from a super clean table 
and cut into small pieces. The tissue blocks were placed 
on a 70 µm cell screen, and homogenate rinsing solution 
(0.1g /5 ml) was added while grinding so that all cells were 
dripped through the screen into the centrifugal tube. The 
screen was discarded, the abrasive liquid was centrifuged 
for 10 min at 450 g, and the supernatant was discarded. 
The cell suspension was carefully absorbed with a straw 
and added to the surface of the separation solution, 400 ~ 
500 g, and centrifuged for 20 ~ 30 min. After centrifuga-
tion, the second layer was a ring opalescent NK cell layer.

2.4. Western blot
Samples were lysed in RIPA with PMSF, and BCA 

assay detected protein concentrations. Next, total protein 
was separated on a 10% SDS–PAGE and transferred onto 
PVDF membrane. The membranes were incubated with 

primary antibodies at 4°C overnight followed washed with 
TBST, and incubated with secondary antibodies at room 
temperature for 1 h. Finally, the membranes were detected 
by chemiluminescence (ECL, Thermo Fisher, Waltham, 
MA, USA). Anti-GAPDH antibody was used as a control. 

2.5. ELISA
The frozen mouse serum samples were removed from 

the low-temperature refrigerator at -80°C 12 h in advance 
and rewarmed at 4°C for 12 h. The samples were used in 
mouse Fbg kit (Shanghai Tongwei Industrial Co., LTD., 
Shanghai, China, TW12870) and mouse tumor necrosis 
factor α (TNF-α) kit (Beijing Sulebo, Shanghai, China, 
SEKM-0034) Detection indicators.

2.6. HE & IHC
The tumors were separated from each group. After 

dewaxed and hydrated, the tumor's sections were incuba-
ted in hematoxylin solution for 15 min followed washed 
with PBS. Then, the slices were differentiated by differen-
tiation fluid for 15 s followed incubated in eosin solution 
for 20 s. In the end, the tumor's sections were dehydrated, 
transparentized, and sealed, the photos were captured by 
the microscope (Olympus, Tokyo, Japan).

The sections were then incubated by the primary an-
tibody against VEGF and CD44 (1:500, Abcam, Cam-
bridge, MA, USA) overnight at 4°C. After stained using a 
secondary antibody (30-40 μL, Abcam, Cambridge, MA, 
USA) at room temperature for 30 min, the positive signals 
of VEGF and CD44 were developed using a commercial 
kit (Thermo, Waltham, MA, USA) according to the manu-
facturer's instructions. The nuclei were stained by hema-
toxylin solution. The images were determined under light 
microscopy (Olympus, Tokyo, Japan).

2.7. Statistical analysis
All experiments were performed independently at 

least three times. The data are presented as the mean ± 
standard deviation (SD). Statistical significance between 
two groups was analyzed using Student’s unpaired t-test. 
ANOVA one-way analysis was used to measure the signi-
ficance for more than two groups. *P< 0.05 was conside-
red as significant.

3. Results
3.1. Morphology observation and cellular phenotype of 
NK cells

It could be observed under the microscope (Figure 
1A) that the NK cells in the spleen tissue of mice were 
round or oval in shape, and most of them adhered to the 
wall after 1 day, showed clumping growth after 5 days, 
and the clumping phenomenon further increased after 7 

Fig. 1. Isolation, culture and identification of NK cells. (A) Repre-
sentative image of NK cells. (B) Flow cytometry of NK cell surface 
markers.



166

Batroxase boosts NK cell therapy in lung cancer.                                                                                                                                                                    Cell. Mol. Biol. 2024, 70(8): 164-169

creased and the necrotic area increased relatively, among 
which the necrotic area in Batroxobin combined with the 
NK group was relatively obvious, and the necrotic area 

days. The results of flow cytometric identification of NK 
cells in mouse spleen were shown in Figure 1B. NK cells 
were CD56-positive cells and CD3-negative cells. Flow 
cytometry showed that CD56 positive cells accounted for 
85.7% of the total cells, and CD3 negative cells accounted 
for 93.8%.

3.2. Combination of Batroxobin with adoptive NK cells 
transfer significantly inhibits the growth of lung carci-
noma in vivo  

To determine if there is a synergistic effect between 
Batroxobin and adoptive NK cell immunotherapy, we es-
tablished a lung cancer model in mice using Lweis cells. 
We first used YAC-1 cells to detect NK cells isolated from 
mouse spleens by LDH assay (Table 1). After confirming 
the viability of NK cells, In Lewis lung cancer carcino-
ma model, we performed combined infusion therapy. We 
found that the Batroxobin slightly limited tumor growth 
compared with model group. NK cell adoptive therapy 
alone had slight antitumor activity compared with model 
group. On the contrary, significant antitumor activity was 
seen after combination therapy compared with the model 
group (Figure 2A-C). Besides, in combination treatment, 
thymus index and spleen index of tumor-bearing mice 
were more close to the normal level compared with the 
single treatment group (Figure 2D-E). In vivo experiments 
were repeated twice. Similar results were obtained in three 
parallel experiments all of which suggested that synergetic 
antitumor effects were obtained by combining Batroxobin 
and NK cells adoptive therapy.

3.3. Batroxobin decreases microvascular density and 
promotes tumor vessel normalization.

The formation of blood vessels in the tumor is crucial 
to the growth of the tumor, and hypoxic-inducing factors 
will stimulate the formation of blood vessels in the tumor 
and stimulate the growth of the tumor in the hypoxic envi-
ronment. Batroxobin is often used clinically to treat ische-
mic diseases of cardiovascular system, which can signifi-
cantly improve the microcirculation in the ischemic site. 
To this end, after the batroxylase intraperitoneal injection 
treatment, we detected the expression levels of MMP3/9, 
VEGF and CD44 in the tumor tissue (Figure 3B). As ex-
pected, the expression levels of various factors in the Ba-
troxobin treatment group were significantly reduced. HE 
staining results Under light microscope, it was observed 
that the tumor cells in Model group were densely distri-
buted and deeply stained. Compared with Model group, 
the cell density of tumor tissue in Batroxobin group, NK 
group and Batroxobin combined with theNK group all de-

Sample Wells OD Values Mean NK activity (%)
YAC-1-1 B2 0.186

0.172
3.09%

YAC-1-2 B3 0.175 0.72%
YAC-1-3 B4 0.154 -3.81%
YAC-1+NK-1 B5 0.328

0.307
33.69%

YAC-1+NK-2 B6 0.291 25.72%
YAC-1+NK-3 B7 0.302 28.09%
YAC-1+NP-40-1 B8 0.620

0.636
96.62%

YAC-1+NP-40-2 B9 0.648 102.66%
YAC-1+NP-40-3 B10 0.639 100.72%

Fig. 3. Effects of treatment on tumor growth and metabolism in each 
group. (A) Effects of different treatments on serum Fbg and TNF-
αconcentration in tumor-bearing mice. (B) Comparison of protein 
expression levels of MMP2/9, VEGF and CD44 in each group. (C) 
The gray statistical results of WB.

Table 1. NK cell cytoactive analysis.

Fig. 2. The therapeutic effect of each group on tumor and the effect on 
spleen and thymus of mice. (A) Tumors in each group after treatment. 
(B) Statistical graph of tumor Volume. (C) Tumor inhibition rate in the 
treatment groups. (D-E) Comparison of thymus and spleen volume in 
each group.
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showed large sheets (Figure 4A). Immunohistochemical 
staining of VEGF in the tumor tissue of mice in the group 
showed that the positive expression of VEGF was brown 
and yellow under light microscope (Figure 4B). Compared 
with Model group, Batroxobin group, NK group, Batroxo-
bin group and Batroxobin combined with the NK group 
became lighter brown and yellow, and the positive expres-
sion of VEGF was relatively reduced, and the positive 
expression of VEGF was relatively reduced in Batroxo-
bin combined with the NK group.CD44 showed the same 
results (Figure 4C).

On the other hand, Compared with the model group, 
the serum concentration of coagulation factor Fbg was 
significantly decreased in the Batroxobin treatment group, 
and the serum level of TNF-α was increased (Figure 3A), 
indicating that the body's killing ability to tumor cells was 
enhanced after the improvement of the hypoxic environ-
ment inside the tumor. All these are related to the improve-
ment of blood supply and hypoxic environment in tumor 
by Batroxobine.

3.4. Batroxobin augments the infiltration of NK cells 
and the intratumoral NK cells are increased after the 
combination therapy

The following experiment examined the accumulation 
of NK cells in Lewis lung carcinoma xenograft. In order 
to analyze NK cells antitumoral activity in vivo, tumor 
necrosis was tested by H&E stain. H&E stain section from 
control tumor showed no regions of necrosis. Sections 
from Batroxobin or NK cells treated tumors showed minor 
degree of necrosis. However, tumor from combinational 
group showed large area of liquefactive necrosis surroun-
ded by viable tumor.

4. Discussion
Adoptive immune cell therapy technology collects the 

body's immune cells, through in vitro culture, so that the 
number of thousands of times increases, or increases the 
targeted killing function, and then back into the patient's 
body, so as to kill pathogens in the blood and tissue, cancer 
cells, mutated cells [18, 19]. Adoptive immune cell the-
rapy does not attack cancer cells directly, but it does so by 
growing and treating immune cells in the patient's body, 
which is very different from conventional therapy. It can 
be divided into two types: non-specific therapy (non-spe-
cific therapy without clear immune cell target, which is 
to improve human immunity and alleviate tumor symp-
toms on the whole, such as NK cell therapy) [20, 21] and 
specific therapy (with clear target and mechanism, which 
can activate or inhibit specific target to realize immune 
activation of tumor by the immune system, such as TCR 
and CAR therapy) [22, 23]. Natural Killer (NK) cells are 
characterized by their potential to kill tumor cells by dif-
ferent means without previous sensitization and have, the-
refore, become a valuable tool in cancer immunotherapy 
[24]. Natural killer (NK) cells can come from several dif-
ferent sources. Including genetically engineered chimeric 
antigen receptor (CAR) NK cells, but also cord blood, pe-
ripheral blood, NK-92 cells, and induced pluripotent stem 
cell (iPSC) derived natural killer cells. Compared with 
other tumor immunotherapy methods, adoptive immuno-
therapy will not cause obvious side effects or GVHD due 
to the characteristics of NK cells themselves [25]. Howe-
ver, their efficacy against solid tumors is still poor and fur-

ther studies are required to improve it.
TME (Tumor Micro-Environment) is characterized 

by a heterogeneous mix of immunosuppressive metabo-
lites, glucose and amino acid deprivation, hypoxia, and 
acidity [26, 27]. Hypoxia is a common driver of immune 
cell dysfunction in solid tumors(28). It has been shown 
that NK cell function is impaired in anoxic TME, mainly 
due to the increase of inhibitory cells and the direct ef-
fects of hypoxia [29, 30]. Abnormal metabolic behavior 
of tumors leads to high levels of lactic acid, consumption 
of important nutrients, and increased concentrations of 
toxic decomposition metabolites, adenosine and reactive 
oxygen species [31, 32]. Uncontrolled proliferation, dys-
functional vasculature, and immunosuppressive cell sub-
sets all suppress immune effector cells. There are usually 
two ways to overcome the current difficulties: one is to 
change the composition of metabolites in the tumor to im-
prove the hypoxia state inside the tumor; The other is that 
it is genetically engineered to be immune to the inhibitory 
metabolites in TME [33]. However, the cost and technical 
difficulty of the second method is relatively high, so the 
first method has become the best choice at present.

The ability of NK cells to transport and penetrate the 
tumor bed is a key prerequisite for effective anti-tumor im-
munity, and NK cells are guided to the tumor site through 
the dynamic interaction of chemokine receptors and their 
homologous ligands secreted in TME [34, 35]. But there 
are several important obstacles. First, chemotactic gra-
dients depend on adequate perfusion, while microthrom-
bus induction in tumor and tumor itself will cause circu-
lation obstruction and hinder perfusion. Secondly, chemo-
kine release in TME follows different tumor-specific dyna-
mics and may require artificial enhancement of chemokine 
levels, like CCL3, CCL4, CCL5, and XCL1concentration, 
within the tumor [36].

Batroxobin has an obvious defibrination effect. Usual-
ly, Batroxobin is combined with interventional technology 
in clinical practice to reduce the high concentration of 
Batroxobin into the local tumor in a short time, so that 
the drug effect can reach its peak in the shortest time [37-
39]. In this way, by reducing the local tumor and the level 
of coagulation factor in plasma, the microcirculation can 
be improved, and the tumor drugs can be fully infiltrated 
in the tumor body, thus giving full play to the maximum 
effectiveness. First, we demonstrated that there is no inter-

Fig. 4. HE and immunohistochemical examination of tumor tissue. 
(A) Representative HE staining of tumor tissue in each group. (B) 
VEGF and CD44 expression in tumor tissues of each group (IHC).
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ference between Batroxobin and the therapeutic function 
of NK cells; Second, our experimental results showed that 
the tumor growth of mouse Lweis lung cancer was signi-
ficantly inhibited when Batroxobin was combined with 
the adoptive treatment of NK cells. Immunohistochemi-
cal detection also found that the infiltration degree of NK 
cells in tumor tissues was significantly increased under the 
combined treatment condition compared with the treat-
ment group of Batroxobin or NK cells alone. The expres-
sion levels of hypoxia-inducing factors in tumor tissues 
were significantly decreased, indicating that Batroxobin 
could well solve the shortcomings of tissue hypoperfusion 
in the adoptive NK cell therapy and the severe hypoxia 
environment in the tumor that affected the killing function 
of NK cells. On the other hand, the expression level of 
VEGF in tumor was observed to be significantly reduced 
in our experiment which indicates that the angiogenesis 
and remodeling in tumor tissue were inhibited which is 
essential to tumor growth.

In conclusion, we conducted this experiment to treat 
Lweis lung cancer mice with intraperitoneal injection of 
allogeneic NK cells combined with Batroxobin, in order 
to study and solve the problem of poor efficacy caused by 
insufficient perfusion in the clinical NK cell adoptive the-
rapy. Although the sample size of this exploratory trial is 
limited, the positive results of this study will be worthy of 
clinical reference.
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