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Introduction

With the clinical application of immunotherapy, the use of 
anti-cytotoxic T lymphocyte-associated protein 4 (CTLA4) 
or anti-programmed death receptor 1 (PD-1) antibodies 

provides effective treatment for some melanoma patients  
(1-4). The main reason for the efficacy of immune 
checkpoint therapy is the activation of the anti-tumor 
immune response (5,6). Tertiary lymphoid structures (TLSs) 
are the main reason for the efficacy of immune checkpoint 
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inhibitors (7-9). 
TLSs are ectopic lymphoid organs that develop in 

chronic inflammatory sites such as tumors (10,11). TLSs 
can be divided into early TLSs (lymphocyte aggregates), 
primary TLSs (primary lymphoid follicles), and secondary 
TLSs (secondary lymphoid follicles) (10,12,13). Patients 
with TLSs with primary or secondary lymphoid follicle-
like differentiation have a lower risk of recurrence than 
patients with liver cancer and colorectal cancer containing 
lymphocyte aggregates (10,13). TLS maturity is indicated 
by a germinal center (GC). The mature state of TLSs may 
affect their prognostic value (10). An increase in mature 
TLS indicates a favorable prognosis and is the result of a 
positive response to immune checkpoint inhibitors. As a 
result, clinical detection of the types and number of TLS 
in tumor samples can indirectly support immunotherapy 
response, and investigating the factors and methods that 
drive the formation of TLS in tumor microenvironment 
can become a direction of current tumor immunotherapy 
development.

IKZF1 is a transcription factor of the zinc finger protein 
family (14). IKZF1 promotes the occurrence of lymphoma 
and is also related to the development of breast cancer, 
liver cancer, and ovarian cancer (15). IKZF1 is an essential 
regulator of lymphocyte differentiation, loss of IKZF1 
activity results in profound differentiation defects and 
leukemic transformation of B and T cell precursors (16). 
IKZF1 also promotes B-cell proliferation and differentiation 
by activating kinase signaling cascades and cooperating 
with chromatin protein 4 (17). IKZF1 participates in the 
regulation of differentiation of neutrophils by silencing 
permissible or specific pathways in the ordinary precursors 
of macrophage-monocyte evolution (18). It’s speculated 
that IKZF1 regulates the differentiation of multiple 
immune cells in the tumor immune microenvironment. 
TLSs are lymphocyte and tissue regeneration induced by 
inflammatory states such as tumors (10,11). IKZF1 regulates 
normal lymphocyte development and differentiation, and 
overexpression of IKZF1 promotes lymphoma growth 
(15,16). Based on the facts it is thought that IKZF1 may 
affect the tumor immune microenvironment as well as the 
formation and development of TLS. The association of 
IKZF1 and TLS needs to be interpreted in the melanoma 
microenvironment.

Therefore, this study intends to observe the effect of 
IKZF1 overexpression on the proliferation of melanoma 
cells. Generating transgenic mice with overexpression 
of IKZF1 and exploring the impact of IKZF1 on the 

melanoma tumor immune microenvironment. Our findings 
and data can provide new ideas for regulating the melanoma 
tumor immune microenvironment by targeting IKZF1. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-1759/rc).

Methods

Materials

Experimental animals
Specific pathogen free (SPF) C57BL/6 mice aged 6–9 weeks 
were purchased from Shanghai Southern Model Biology 
Research Center. All mice were reared in the SPF level 
barrier environment in the northern animal room of the 
Ninth People’s Hospital Affiliated to Shanghai Jiao Tong 
University School of Medicine. The barrier temperature 
was 20–24 ℃, the humidity was 45–65%, and the day and 
night cycle was alternated (12 h:12 h). The mice were 
free to eat food and water, and 3–6 mice were reared in 
each cage. Animal experiments were performed under a 
project license (No. SH9H-2020-A276-1) granted by the 
Experimental Animals Ethics Committee of Shanghai 9th 
People’s Hospital, Shanghai Jiao Tong University School 
of Medicine, in compliance with the national guidelines for 
the care and use of animals. 

Reagents and instruments
Plasmid pcDNA3.1 was purchased from Invitrogen. 
Plasmid pcDNA3.1-CAG was reconstructed by Dr. 
Sunrui Lin of the Shanghai Model Organisms Center. 
DH5α competent cells were purchased from TransGen 
Biotech. Various restriction endonucleases, recombinant 
enzymes, Taq enzymes, gel recovery kits, and other PCR-
related reagents were purchased from TaKaRa company. 
The Plasmid Extraction kit was purchased from Qiagen 
company. The CCK8 kit was purchased from Dojindo 
company. Actin and Flag antibodies used in Western blot 
were purchased from Cell Signaling Technology. The 
chemical reagents configured with M16 and M2 culture 
solutions were purchased from Sigma. Hematoxylin 
staining solution, differentiation solution, and blue 
returning solution were purchased from Shanghai Ruiyu 
Biotechnology Co., Ltd., and xylene, absolute ethanol, 
3% H2O2, and other hematoxylin-eosin (HE) staining-
related reagents were purchased from Sinopharm Chemical 
Reagent Co., Ltd. The main instruments included the PCR 
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instrument (ABI company of the United States), DNA 
electrophoresis tank (Shanghai Tianneng Technology Co., 
Ltd.), gel imaging system (Cytiva company of the United 
States), tissue spreader (Huasu Technology Co., Ltd. of 
Jinhua City, Zhejiang Province), panoramic scanner (Ningbo 
Jiangfeng Biology Co., Ltd.), frozen platform (Wuhan 
Junjie Electronics Co., Ltd.), embedding machine (Tianjin 
Tianli Aviation Electromechanical Co., Ltd.), pathological 
slicer (Shenyang Yude Electronic Instrument Co., Ltd.), 
optical microscope (Nikon company, New York, America), 
and imaging system (Nikon company).

Research method

Construction of the transgenic plasmid
Amplification was carried out according to the coding 
sequence (CDS) sequence of the mouse IKAROS gene 
(NM 001301865.1). The upstream primer (IKAROS-F) 
was 5'-ATCACGAGACTAGCCTCGAGATGGACTAC
AAGGACGATGATGACAAGGATGTCGATGAGGG
TCAAGAC-3'. The downstream primer (IKAROS-R) was 
5'-CTTAAGCTTGGTACCTTAGCTCAGGTGGTA
ACGATG-3'. The primer was synthesized by Shanghai 
Sangong Bioengineering Co., Ltd., and the expected length 
of the amplified target fragment was 1,346 bp. C57BL/6J 
mouse mRNA was extracted and reverse-transcribed with 
a reverse transcription kit. The reverse-transcribed cDNA 
was used as a template and amplified with the homologous 
arm amplification primers described above and recovered. 
The pcDNA3.1-CAG vector was digested with Xho I 
and Kpn I at 37 ℃ for 3 h. The digested products were 
identified by 1% agarose gel electrophoresis, and then the 
gel was recovered. The amplified IKAROS fragment and 
the digested pcDNA3.1-CAG vector were homologously 
recombined under the action of the recombinant enzyme. 
The recombinant plasmid was transformed into DH5α E. 
Coli bacteria for extended culture, and then plasmids were 
extracted and sent to Sangong Biotech Co., Ltd. (Shanghai) 
for sequencing. The strains with the correct plasmids were 
cultured again to extract the endotoxin-free pcDNA3.1-
CAG-IKAROS plasmid.

Construction of the IKZF1 gene overexpression 
plasmid
The vector pSIN was digested by EcoRI and BamHI, 
and homologous recombination was carried out with 
the amplified IKZF1 fragment under the action of the 
recombinant enzyme. The upstream primer (IKZF1-

3FLAG-F) was 5'-GGGCTAGCTAGCTAGGAATTCA
TGGACTACAAAGACGATGACGACAAGGACTACA
AAGACGATGACGACAAGGACTACAAAGACGATGA
CGACAAGATGGATGTCGATGAGGGTC-3', and the 
downstream primer (IKZF1-R) was 5'-GCCCTAGATGCA
TGCGGATCCTTAGCTCAGGTGGTAACG-3'.

CCK8 proliferation assay
Negative control (NC) cells in the logarithmic phase of 
growth and melanoma cells overexpressing IKZF1 were 
digested into single cells and diluted to a cell density of  
3,000 cells/100 µL. The cell suspension was added to 96-well 
plates. Sterile phosphate-buffered saline (PBS) buffer (100 µL)  
was added into the outermost wells of the 96-well plates 
to prevent excessive evaporation of the culture medium, 
which affects the accuracy of the test. CCK8 test reagent 
(10 µL) was added to each well. The plate was gently pat 
to fully mix the reagent with the culture medium and avoid 
bubbles. The 96-well plates were put back into the constant 
temperature incubator and continued to incubate for 2 h 
before testing.

Western blotting
Cell precipitates were collected and 2× sodium lauryl 
sulfate (SDS) lysis buffer was added to split and collect 
the supernatant. Separation and concentrated gels 
with appropriate concentration were prepared, and 
the target proteins were separated by polyacrylamide 
gel electrophoresis. The gel was transferred to the 
polyvinylidene fluoride (PVDF) membrane, and 5% milk 
was used for blocking at room temperature for 1 h. The 
primary antibody and corresponding secondary antibody 
were added to the membrane and incubated. Immobilon 
Western chemiluminescent horseradish peroxidase (HRP) 
substrate was used to identify immunoreactive bands 
(Millipore Co., USA).

Preparation of transgenic mice
The transgenic plasmid was digested with SspI, and a 7.862 kb  
DNA fragment was recovered for microinjection. After 
superovulation, C57BL/6J female mice aged 5–6 weeks were 
mated with mature C57BL/6J male mice. The embolus 
mice were selected, and the fertilized eggs with normal 
morphology were collected, screened, and cultured in M16 
medium. The linearized and purified plasmid DNA was 
diluted with Tris-EDTA (TE) buffer to a concentration of 
5 ng/µL. DNA was injected into the male pronucleus of 
the fertilized egg with M2 as the in vitro operating fluid. 
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At the same time, pseudopregnant mice were obtained by 
selecting suitable age female mice that could mate with 
vas deferens-ligated male mice. The injected fertilized 
eggs were transplanted into the fallopian tubes of 0.5-day-
old pseudopregnant mice. About 25 eggs were transferred 
unilaterally from the fallopian tubes of each pseudopregnant 
mouse. Whether the recipient mother was pregnant and its 
individual development were observed.

Identification of IKZF1 gene transgenic mice
When the mice grew to about 4 weeks, their tails were 
cut for genotype identification. After wiping the tail with 
alcohol, a 1–5 mm section of the tail of newborn mice was 
cut with scissors and placed into a 2-mL EP tube, then 
numbered accordingly. Subsequently, 85 µL lysis buffer 
was added to the 2-mL EP tube and gently vortexed to 
completely soak the sample in lysate, followed by brief 
centrifugation. The tissue was infiltrated below the lysate 
level. After incubation at 95 ℃ for 15 min in the constant 
temperature incubator, 10 µL termination buffer was added 
to terminate the lysis. The tube was centrifuged at a speed 
of 11,000 g for 5 min and the supernatant was aspirated into 
a new EP tube. Genomic DNA for later identification was 
temporarily stored at 4 ℃. The PCR amplification conditions 
for gene identification were as follows: 94 ℃ 30 s, 63.6 ℃ 30 s, 
72 ℃ 1 min, a total of 35 cycles. The primer sequence was as 
follows: CAG-1 5'-ATCACGAGACTAGCCTCGAGG-3', 
IKZF1 5'-ATGCGGGTTGATGTGGTTGGTTAG-3'. 
Transgenic positive mice should have an amplified 1,060 bp 
product. PCR products were identified with 1% agarose gel.

Animal model preparation
Three male IKZF1 transgenic mice aged 6–8 weeks and 3 
C57BL6/J wild-type (WT) mice were selected and placed 
in separate cages 1 week before the experiment. The tumor 
volume was measured in each mouse with 1×106 B16 cells 
after tumor formation was initiated subcutaneously. 

HE staining and TLS counting
The tumor wax blocks were cut into sections and then 
baked. They were dewaxed with xylene, absolute ethanol, 
90% ethanol, 70% ethanol, and pure water. Hematoxylin 
was dyed for 10 min and eosin was dyed for 30 s. 
95% ethanol, 100% ethanol and xylene were used for 
dehydration and transparency. After sealing with neutral 
resin, samples were observed under a microscope. 

Two pathologists with extensive pathology experience 
examined the slides with HE staining independently. A 

previously published scale was used to assess the presence 
of intra-tumoral TLSs on hematein-eosin-saffron stained 
slides. TLSs were classified as follows: (I) aggregates: vague, 
ill-defined lymphocyte clusters; (II) primary follicles: round-
shaped lymphocyte clusters without GC formation; and (III) 
secondary follicles: follicles with GC formation (13). 

Statistical analysis

The statistical analysis software GraphPad Prism was used 
for analysis and statistics. The results were expressed in the 
form of mean ± standard deviation. The t-test was used to 
compare differences between the 2 groups. When P<0.05, 
the difference was statistically significant (*, P<0.05; **, 
P<0.01; ***, P<0.001).

Results

Overexpression of IKZF1 gene in melanoma cells did not 
affect cell proliferation

After the melanoma cell line B16 was transfected with 
IKZF1 overexpression plasmid, the expression of Flag-IKZF1 
protein was detected by Western blot, and the B16 cell line 
with IKZF1 overexpression was successfully constructed 
(Figure 1A). The CCK8 assay showed that compared with 
the control group, IKZF1 overexpression resulted in no 
significant change in cell proliferation (Figure 1B).

Construction of the pcDNA3.1-CAG-IKAROS plasmid

The pcDNA3.1-CAG-IKAROS recombinant plasmid 
was generated by homologous recombination of purified 
and recovered IKZF1 sequence fragment and pcDNA3.1-
CAG vector fragment (Figure 2A). Through agarose gel 
identification, a 7.862 kb positive band appeared in lane 2, 
indicating that the corresponding product contained the 
targeted recombinant plasmid (Figure 2B). The positive 
clones were sequenced, and the recombinant plasmid was 
successfully constructed.

Identification of IKZF1 gene overexpression transgenic 
positive mice and mice genotypes after amplification and 
breeding

The linearized recombinant plasmid (Figure 2B) was 
injected into the male pronucleus of the fertilized egg of 
the donor mouse by microinjection. A total of 300 surviving 
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Figure 1 IKZF1 overexpression in melanoma cells did not affect cell proliferation. (A) After B16 cells were transfected with IKZF1 
overexpression plasmid, the expression of the Flag-IKZF1 protein was detected by Western blot. (B) The CCK-8 assay detected the 
proliferation of B16-Vector and B16-Flag-IKZF1 cells. ns, not significant; CCK-8, Cell Count Kit-8; OD, optical density. 
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Figure 2 PCR identification of the pcDNA3.1-CAG-IKAROS sequence. (A) Schematic diagram of pcDNA3.1-CAG-IKAROS recombinant 
plasmid. (B) Agarose gel electrophoresis results of the recombinant plasmid, where lane 1 is the DNA marker MBI GeneRuler 1,000 bp. 
The lane 2 is the pcDNA3.1-CAG-IKAROS PCR product, the arrow below indicates the position. The lane 3 is pcDNA3.1-CAG-IKAROS 
after SspI single enzyme digestion, the arrow above indicate location. M, marker; PCR, polymerase chain reaction.

fertilized eggs were obtained and transplanted into  
25 pseudopregnant female mice, of which 19 were pregnant, 
with a pregnancy rate of 76%. The genomic DNA of 
the mouse tail was extracted for PCR identification. The 
results are shown in Figure 3A, and a 1,060 bp band was 
amplified. This indicated a transgenic positive mouse with 
overexpression of IKZF1. The Figure 3A showed that lanes 
1–5 were the positive first establishment mice (F0) with 
overexpression of IKZF1, lane 6 was the NC, lane 7 was 
the blank control, lane 8 was the positive control, and lane 
9 was the DNA marker. The information of the first mice 
is shown in Figure 3B. F1 generation mice were bred by 
mating the first established mice with WT C57BL/6J mice. 
The same method was used for PCR identification as for 
screening F0 positive mice, and subsequent experiments 
could be carried out after stable passage. 

The weight of transplanted tumors increased significantly 
after IKZF1 gene transgenic mice were inoculated with 
melanoma cells

The tumor tissue was removed after B16 tumour was 
implanted in WT mice and IKZF1 transgenic mice, and 
IKZF1 transgenic mice had a higher tumor load than the 
WT mice (Figure 4).

Increased immature TLS formation in the transplanted 
tumors of IKZF1 gene transgenic mice

To understand the mechanism of faster growth of melanoma 
in IKZF1 overexpression transgenic mice, we obtained 
tumor tissues of WT and IKZF1 transgenic mice for HE 
staining. The results showed that, compared with WT 
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mice, the number of lymphocytes aggregated, and primary 
lymphoid follicles and secondary lymphoid follicles in 
melanomas of IKZF1 transgenic mice changed. The number 
of lymphocyte aggregates in transplanted tumors of IKZF1 
transgenic mice increased significantly, while the number 
of primary lymphoid follicles did not change significantly 
(Figure 5). No statistical analysis was performed due to 
the small number of secondary lymphoid follicles in the 
transplanted tumors of transgenic mice and WT mice.

Discussion

Our study showed that after overexpression of IKZF1 in 
mouse melanoma cells, IKZF1 had no significant effect on 
tumor proliferation. In previous studies, IKZF1 is a gene 
closely related to tumor development. High expression of 
IKZF1 in ovarian serous adenocarcinoma leads to enhanced 
cell invasion and metastasis (19). The increased expression 
of IKZF1 is related to the recurrence and metastasis of lung 
adenocarcinoma and is involved in its progression (20). 
IKZF1 is highly expressed in multiple myeloma. Targeted 
inhibition of IKZF1 by lenalidomide can effectively 

prolong the survival time of multiple myeloma (21). This 
inconsistency could be attributed to the different effects 
of IKZF1 in different tumor types. IKZF1 is speculated to 
affect tumors by influencing the tumor microenvironment 
in our research model. 

To explore whether IKZF1 affects the occurrence 
of tumors through the tumor microenvironment, we 
successfully constructed IKZF1 transgenic mice. The 
successful IKZF1 transgenic mouse model was inoculated 
with melanoma cells to observe melanoma growth. 
Compared with WT mice, the melanomas of IKZF1 
overexpression transgenic mice had a greater tumor load. 
Therefore, IKZF1 may affect tumor growth through the 
tumor microenvironment. The tumor microenvironment 
refers to the cellular environment in which tumors exist, 
mainly including tumor cells, immune cells, stromal 
cells, extracellular matrix and secretory molecules, and 
blood and lymphatic vessels. Numerous types of cells 
and extracellular matrices regulate and interact with 
each other at various levels and scales and jointly shape 
the tumor microenvironment (22-26). When the tumor 
microenvironment is related to the function and signal 
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exchange of immune cells, it can also be called the 
tumor immune microenvironment. The tumor immune 
microenvironment contains cellular components that play 
an immunosuppressive role, as well as anti-tumor immune 
components, such as TLSs. Mature TLSs (secondary TLSs) 
are comprised of follicular dendritic cells (FDCs) and 
GCs. These FDCs are adjacent to a small T cell region, 
which contains a mixture of CD4+ and CD8+ T cells (27). 
The relationship between TLSs and tumor associated 
histopathological parameters has been investigated, and the 
results are contradictory. The presence of TLSs in primary 
tumors from 225 melanoma patients correlates with good 
clinical characteristics (28). TLS presence, on the other 
hand, correlates with higher tumor grade, stage but has no 
effect on survival in other cancers (29). Such inconsistencies 
may be due to TLS’s mature state. In mature TLSs, B cells 

can display anti-tumor immune functions by presenting 
tumor-derived antigens to CD8+ T cells (30). In immature 
TLSs (lymphocyte aggregates, primary lymphoid follicles), 
B cells may produce molecules that can be released in the 
tumor microenvironment or expressed on their membrane, 
thereby weakening the anti-tumor immune response (30).

To further analyze the mechanism of faster growth 
of melanoma in IKZF1 overexpression transgenic mice, 
we stained the tumor tissues of the 2 groups with HE 
and counted the number of TLSs in the tumor tissues. 
Compared with WT mice, the number of immature 
TLSs in the transplanted tumors of IKZF1 transgenic 
mice increased significantly. These immature TLSs do 
not exert the function of anti-tumor immunity. Immature 
TLS formation was increased in tumor tissues of IKZF1 
transgenic mice after tumor bearing, possibly due to an 
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increase in immature lymphocytes released by bone marrow 
stimulated by chronic inflammation caused by tumor cells 
and an increase in immune-suppressing regulatory cells. 

TLSs in tumor tissues consist of T cells, B cells, dendritic 
cells (DCs), FDCs, follicular helper T cells (TFH), stromal 
fibroblasts, and high endothelial venules (HEVs) (27,31,32). 
IKZF1 is a transcription factor required for lymphocyte 
development and controls the specificity and differentiation 
of lymphocytes (33,34). Many regulatory activities during 
B cell lineage differentiation are also controlled by 
IKZF1 and other major B cell transcription factors (35). 
IKZF1 also affected the differentiation of myeloid cells. 
IKZF1 deficient mice showed abnormal bone marrow 
development, including a loss of DCs and an increase in 
basophils and megakaryocytes (36-38). We speculate that 
IKZF1 may increase the formation of immature TLSs in 
transplanted tumors by affecting the differentiation of T 
cells, and B cells, and increasing the immune suppressive 
cells. However, the specific mechanism of IKZF1 in TLS 
regulation still needs to be further clarified.

Conclusions

IKZF1 did not affect the proliferation of melanoma cells. 
Using an IKZF1 transgenic mouse model, it was found that 
IKZF1 is a key driver gene in the formation of immature 
TLS in the melanoma microenvironment. Turning IKZF1-
driven immature TLS into mature TLS is the next major 
research task.
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