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Abstract

To investigate the effect of CD300LG-γ induction on the cytotoxic activity of CIK. Eukaryotic ex-
pression plasmid hCD300LG-γ/pEGFP-C3, which can express human CD300LG-γ, was constructed and 
transfected into CHO cells by lipofectamine. The expression of CD300LG-γ was confirmed by immuno-
fluorescence, RT-PCR, and Western Blot. To produce CIK cells, human peripheral blood mononuclear 
cells (PBMC) were isolated and induced, respectively, by cell lysates extracted from hCD300LG-γ/CHO 
cells, pEGFP-C3/CHO cells, and CHO cells, concurrently with the standard CIK inductive agent. The 
cytotoxic activity of these CIK cells against hCD300LG-γ/CHO cells, pEGFP-C3/CHO cells, CHO cells, 
and K562 cells was tested. The results showed that eukaryotic expression of plasmid hCD300LG-γ/
pEGFP-C3 was constructed and transfected into CHO cells successfully. After being induced by cell 
lysates, the cytotoxicity of hCD300LG-γ/CHO-CIK was improved compared with the other CIK cells. 
In particular, the activity of killing pEGFP-C3/CHO and CHO cells was improved significantly. Mean-
while, the activity of hCD300LG-γ/CHO-CIK killing K562 was improved significantly compared with 
the other CIK cells. The results indicated that hCD300LG-γ induction can significantly improve the 
killing activity of CIK cells.
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CD300LG (CD300 antigen-like family member G), 
also called nepmucin or CLM-9, is a novel sialomucin 
belonging to type-I membrane protein, which contains 
a hydrophobic signal peptide, a single V-type Ig domain, 
a classical mucin-like domain, a transmembrane domain, 
and an intracellular domain [1]. CD300LG is expressed 
extensively in a variety of organisational venules and cap-
illary endothelial cells, such as cardiac, liver, spleen, thy-
mus, lung, kidney, skeletal muscle, salivary gland, thyroid, 
prostate, tongue, peripheral lymph nodes, and high endo-
thelial vein (HEV) except Payer patch [2]. However, in im-
munological privileged sites, such as brain, testis, uterus, 
and gut, in which the immunotolerance is easy to induce, 
the expression of CD300LG is very low or absent [3].

CD300LG plays an important role in promoting lym-
phocyte transendothelial migration (TEM) of HEVs [1]. 
Appropriately glycosylated CD300LG with MECA-79 
epitope can associate with L-selectin to mediate L-selec-
tin-dependent lymphocyte rolling by its mucin-like domain 
[2]. In the adhesion step, CD300LG mediates lymphocyte 
adhesion with endothelial cells (ECs) by its Ig domain, 
which is independent of LFA-1 or VLA-4 adhesion path-

way [1]. In addition, CD300LG promotes lymphocyte 
transmigration through ECs by its Ig domain [4, 5].

Many studies have demonstrated that adhesion mol-
ecules are correlated with tumorogenesis, development, 
and metastasis. Adhesion molecules participate in the in-
teraction between tumour cells and anti-tumour effector 
cells, such as CTL, NK, macrophage, etc. [6, 7]. Various 
adhesion molecules, such as E-cadherin, N-cadherin, and 
integrins, are closely related with tumour invasion and 
metastasis [8-12]. Consequently, adhesion molecules have 
become target molecules in biotherapy of tumours, autoim-
mune diseases, inflammatory disease, etc. [13, 14].

Umemoto E et al. found that the expression of 
CD300LG was down-regulated in tumours and tu-
mour-draining lymph nodes, indicating that the expression 
of CD300LG was negatively regulated by locally produced 
signals under these circumstances [3], whereas in chronic 
pancreatic inflammation, CD300LG was up-regulated, and 
there were a large number of activated CD4+T cells infil-
trating the pancreas [3]. Our previous studies also demon-
strated that both mRNA and protein expression levels of 
CD300LG-γ in pulmonary carcinoma tissues were signifi-
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cantly decreased compared with that in tumour-adjacent 
tissues, which might lead to inhibition of killing activity of 
immunocytes, resulting in immune escape of lung cancer 
cells [15].

As discussed above, CD300LG has been indicated to be 
closely correlated with onset and development of tumours. 
As a novel adhesion molecule, it is bound to participate in 
and mediate the interactions of immunocytes and tumour 
cells. So, eukaryotic expression plasmid that can express 
hCD300LG-γ was constructed and transfected into CHO 
cells to obtain hCD300LG-γ/CHO. Using cell lysates as 
an inducer combined with standard CIK induction agent, 
four kinds of CIK were obtained. By comparing the activity 
of these CIK killing target cells, the effect of CD300LG 
induction on killing activities of CIK was preliminarily 
studied. The results may facilitate elucidation of antitumor 
activity of CD300LG and provide a theoretical basis for 
application of DC-CIK in tumour immunotherapy. 

Material and methods

Material

Strains, plasmids, and cell lines: JM109, recombinant 
hCD300LG-γ/Pet41a-c(+) plasmid, eukaryotic expression 
plasmid-pEGFP-C3, CHO cells, and K562 cells (provided 
by the Department of Immunology, College of Preclinical 
and Forensic Medicine, Sichuan University).

Main reagents: Plasmid Mini Kit (Omega); DNA Gel 
Extraction Min Kit (Omega); HindIII and EcoRI (Taka-
ra); primers (Invitrogen); Eukaryotic transfection reagent: 
LipofectamineTM2,000 (Invitrogen); Antibodies: Anti GFP 
antibody and HRP-conjugated goat anti-mouse IgG (ZSJQ 
Biological Technology Company, Beijng); G418 (Amres-
co); Trizol (Invitrogen), One-step RT-PCR kit (TaKaRa); 
Standard CIK inducer (Invitrogen); AlamarBlue cytotox-
icity assay kit (Keygen). 

Methods

Construction and identification of eukaryotic 
expression plasmid hCD300LG-γ/pEGFP-C3

Using recombinant hCD300LG-γ/Pet41a-c(+) plasmid 
as a template, human CD300LG-γ gene was amplified by 
PCR using forward primer 5’-AACCAAGCTTCTG-
GAGGGCCCAGAGGAAATCAG-3’ and reverse prim-
er 5’-CCAAGAATTCGACCATCGGGATGGACAC-
CCTG-3’. PCR amplification condition was 95oC 3 min; 
95oC 30 s, 56oC 30 s, 72oC 45 s (34 cycles); 72oC 5 min. 
Amplified products were purified by DNA Gel Extraction 
Min Kit (Omega) and subcloned into pEGFP-C3 vector 
(Novagen, Merck KGaA, Darmstadt, Germany) between 
EcoRI and HindIII. Then the recombinant hCD300LG-γ/
pEGFP-C3 plasmid was transformed into E. coli JM109. 

Positive clones with ampicillin resistance were selected 
and identified by colony PCR, dual enzymatic digestion, 
and gene sequencing.

In vitro transfection of eukaryotic plasmid 
hCD300LG-γ/pEGFP-C3 into CHO cells

CHO cells were cultured with RPMI-1640 medium 
containing 10% foetal bovine serum at 37°C with 5% CO

2
 

in a humid incubator. According to the instruction of the 
eukaryotic transfection reagent Lipofectamine TM2,000 
(LF2,000), hCD300LG-γ/pEGFP-C3 plasmid was trans-
fected into CHO cells and selected by G418 (800 µg/ml). 
Meanwhile, pEGFP-C3 plasmid transfected into CHO cells 
was used as negative control as well as CHO cells. After 
60 days of selection, two stable transfected cells lines were 
obtained, which were named hCD300LG-γ/CHO cells and 
pEGFP-C3/CHO cells, respectively, and identified by im-
munofluorescence, RT-PCR, and Western Blot. 

Detection of the killing activities of induced CIK 
cells

Preparation of cell lysates: hCD300LG-γ/CHO cells, 
PEGFP-C3/CHO cells, and CHO cells were cultured in 
RPMI-1640 medium containing 10% serum. When cells 
were overgrown, the cells were digested by pancreatic en-
zyme, and centrifuged to collect cell precipitation. The pre-
cipitation was dissolved in 200 µl 1 × buffer, ultrasonically 
broken, and then boiled for 5 min to obtain cell lysates as 
inducing factors. 

CIK induction: The peripheral blood mononuclear 
cells (PBMC) were separated from peripheral blood cells 
by Ficol and equally divided into four parts, then trans-
ferred into four culture flasks. Firstly, standard CIK induc-
er (IL-1, IL-2, IFN-γ, and CD3McAb) were added into the 
four flasks, which were, respectively, marked as A1, A2, 
A3, and A4. Then the three kinds of cell lysates obtained 
from hCD300LG-γ/CHO cells, pEGFP-C3/CHO cells, and 
CHO cells were added into A1, A2, and A3, respectively, 
whereas A4 induced only with standard CIK inducer was 
used as a control. Finally, all cells in A1, A2, A3, and A4 
were cultured at 37oC in a 5% CO

2
 incubator for seven, 

days. Four kinds of induced CIK cells were obtained which 
were, respectively, named hCD300LG-γ/CHO-CIK, pEG-
FP-C3/CHO-CIK, CHO-CIK, and CK-CIK.

Detection of the killing activities of induced CIK 
cells: Using hCD300LG-γ/CHO-CIK, pEGFP-C3/CHO-
CIK, CHO-CIK, and CK-CIK as effector cells, and con-
currently using hCD300LG-γ/CHO cells, pEGFP-C3/
CHO cells, CHO cells, and K562 cells as target cells, the 
cross-killing tests were carried out with a 102:1 ratio of 
effector cells to target cells on 96-well plates. The killing 
test wells, target control wells, and effector control wells 
were set. In the killing test wells, four kinds of target cells 
were killed by the four kinds of induced CIK cells. In tar-
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get control wells, four kinds of target cells were the con-
trols. In effector control wells, four kinds of effector cells 
were the controls. After 18 hours culture of effector cells 
mixed with target cells, AlamarBlue reagent was added 
into the wells (10 µl per well) and cultured in darkness for 
six hours. The light absorption value (A value) at 590 nm 
was recorded by colorimetric method. Each well was set 
triplicate wells, and the mean of triplicate wells was re-
corded, respectively, as A

test well
, A

effector control well
,
 
and A

target con-

trol wells
. The killing activities of the induced CIK cells were 

calculated according to the following formula: Killing ratio 
= [1 – (A

test well
 – A

effector control well
)/A

target control wells
] × 100%.

Results

Construction and identification of eukaryotic 
expression plasmid hCD300LG-γ/pEGFP-C3

 After hCD300LG-γ/pEGFP-C3 plasmid transfection 
into JM109, positive clones with ampicillin-resistance 
were screened by colony PCR and identified by HindIII 
and EcoRI digestion (data not shown). Then the identi-
fied positive clone was confirmed by gene sequencing. 
The result showed that hCD300LG-γ/pEGFP-C3 plasmid 
contained complete and correct human CD300LG-γ gene 
without gene or frameshift mutation (data not shown).

In vitro transfection of hCD300LG-γ/pEGFP-C3 
into CHO cells

Cell immunofluorescence: The plasmids of hC-
D300LG-γ/pEGFP-C3 and pEGFP-C3 were transfected 
into CHO cells. Then, the results were observed by fluo-
rescence microscope to identify the expression of GFP tag 
(Fig. 1). There was no green fluorescence in the negative 
control, whereas hCD300LG-γ/CHO and pEGFP-C3/CHO 
cells both expressed obvious green fluorescent protein.

RT-PCR: The total RNA was extracted by Trizol. 
Then, genes were amplified by one-step RT-PCR with 

primers of 5’-CTGCTCGCTTCGCTACTTGGA-3 and 
5’-CGGCACCTGTCCTACGAGTTG-3. RNA provided 
by the kit was used as a positive control, without adding 
a template as a negative control. As shown in Fig. 2, there 
were products in hCD300LG-γ/CHO cells (about 600 bp) 
and in positive control (about 450 bp), whereas there were 
no products in pEGFP-C3/CHO cells, CHO cells, and 
the negative control. These results confirmed that stably 
transfected hCD300LG-γ/CHO cells could express hC-
D300LG-γ mRNA.

Fig. 1. Fluorescence microscope analysis of GFP tag expression in transfected CHO cells (100×). A) hCD300LG-γ/CHO 
cells; B) pEGFP-C3/CHO cells; C) CHO cells as negative control

A B C

Fig. 2. RT-PCR analysis of human CD300LG-γ gene ex-
pression: 1 – DNA maker; 2 – hCD300LG-γ/CHO cells; 
3 – pEGFP-C3/CHO cells; 4 – CHO cells; 5 – negative 
control; 6 – positive control 
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Western Blot: Western Blot results showed that an-
ti-GFP antibodies could recognise cells lysates of pEG-
FP-C3/CHO and hCD300LG-γ/CHO cells but could not 
recognise CHO cell lysates (Fig. 3). Wherein, the molecu-
lar weight of the band of pEGFP-C3/CHO cell lysates was 
27KD and the band of hCD300LG-γ/CHO cell lysates was 
about 60KD, which was consistent with the expected size.

The killing activities assay of induced CTL  
and NK cells

On the basis of standard CIK inducing reagents ad-
dition, cell lysates of hCD300LG-γ/CHO, pEGFP-C3/
CHO, and CHO cells were, respectively, used to induce 

CIK and were recorded as hCD300LG-γ/CHO-CIK, pEG-
FP-C3/CHO-CIK, CHO-CIK, and CK-CIK. Using the 
four kinds of induced CIK cells as effector cells, and using 
hCD300LG-γ/CHO, pEGFP-C3/CHO, CHO, and K562 as 
target cells, the killing activities of the four kinds of CIK 
cells to the four kinds of target cells were researched. The 
light absorption value (A value) was tested by AlamarBlue 
and is shown in Table 1. Then the killing ratio was calcu-
lated according to the formula: Killing ratio = [1 – (A

test well
 

– A
effector control well

)/A
target control wells

] × 100%.
As shown in Fig. 4, the killing activities of CTL and 

NK cells of hCD300LG-γ/CHO-CIK were clearly en-
hanced compared with the other three kinds of CIK, es-
pecially enhanced in killing pEGFP-C3/CHO, CHO, and 
K562. The killing activities of pEGFP-C3/CHO-CIK and 
CHO-CIK were similar, which were elevated compared 
with CK-CIK and reduced compared with hCD300LG-γ/
CHO-CIK. The killing activities of CK-CIK were the 
lowest compared with the other three kinds of CIK, in 
particular they declined significantly compared with hC-
D300LG-γ/CHO-CIK.

Discussion
Adoptive cellular immunotherapy by infusion immu-

nocompetent cells is not only a supplement to conventional 
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Fig. 3. Western blot analysis of protein expression: 1 – 
whole lysates of CHO cells; 2 – whole lysates of pEG-
FP-C3/CHO cells; 3 – whole lysates of hCD300LG-γ/CHO 
cells; 4 – pre-stained protein marker
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Fig. 4. The killing activities of induced CIK cells of CTL 
and NK
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Table 1. Light absorption value tested by AlamarBlue method

Effector cells

Target cells

CTL ctl CTL NK

hCD300LG-γ/CHO-CIK pEGFP-C3/CHO –CIK CHO-CIK CK-CIK Effector control

hCD300LG-γ/CHO 0.256 0.282 0.284 0.419 0.189

pEGFP-C3/CHO 0.274 0.473 0.472 0.661 0.188

CHO 0.277 0.474 0.471 0.663 0.188

K562 0.364 0.477 0.479 0.660 0.167

Target control 0.568 0.663 0.662 0.693
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anti-tumour treatment, but also a new treatment approach 
for patients who are not suitable for surgery, radiotherapy, 
or chemotherapy [16]. Cytokine-induced killers (CIK) are 
a group of tumour-killing immunocompetent cells with 
high efficiency, broad-spectrum, and no MHC restriction 
[17-19]. At present, CIK used in adoptive immunotherapy 
is prepared by mononuclear cells separated from periph-
eral blood, bone marrow, or umbilical cord blood, which 
propagate after being stimulated by a variety of cytokines 
such as IL-1, IL-2, IFN-γ, and CD3McAb. Because CIK 
tumour killing has the characteristics of high efficiency, 
broad-spectrum, fewer side effects, and no MHC restric-
tion, CIK displays great value for application in tumour 
immunotherapy [20]. The key in CIK therapy is to increase 
the cell number and killing activity, especially CTL and 
NK cells, which has powerful antitumor effects. Many re-
searches aimed to enhance CIK killing activities through 
CIK combined vaccine, DC-CIK, cytokine gene transfec-
tion, combined molecular targeted drugs, and many other 
ongoing methods [18-20].

 CD300LG can associate with L-selectin, which par-
ticipates in lymphocyte homing. It mediates lymphocytes 
rolling, adhesion, and TEM dependent on L-selectin, and 
plays important roles in inflammation and immune surveil-
lance [2, 3, 5]. Eiji Umemoto et al. found that CD300LG 
expression in microvascular endothelial cells was influ-
enced by local factors produced in tissues. CD300LG 
expression was closely correlated with lymphocytes infil-
tration in certain tissues. For example, in tumour tissues, 
decreased expression of CD300LG might inhibit the ac-
tivities of lymphocytes killing target cells, which might 
participate in tumour escape [13].

In conclusion, CD300LG, as an adhesion molecule, 
participates in lymphocyte adhesion, TEM, and migration 
to focus location. It might be able to improve the killing 
activities of antitumor cells, such as CTL and NK cells, 
to promote lymphocyte function. Therefore, in this study, 
CD300LG was used as an inducing factor to explore 
whether it enhanced the killing activity of CIK cells. The 
results might provide a basis for subsequent discussion on 
mechanisms.

Firstly, the eukaryotic expression plasmid hC-
D300LG-γ/pEGFP-C3, which can express human 
CD300LG-γ, was constructed and transfected into CHO 
cells, which provided a basis for subsequent induction ex-
periments. The effect of CD300LG induction on the killing 
activities of CIK cells was studied using cell lysates as an 
inducer. The results showed that the killing ratios of pEG-
FP-C3/CHO-CIK and CHO-CIK were similar; therefore, 
the impact of pEGFP-C3 plasmid on the result could be 
excluded. Also, the activities of killing CHO and K562 
cells were similar between CHO-CIK and CK-CIK, so the 
impact of CHO cells on the result could be excluded. Af-
ter hCD300LG-γ induction, the activities of hCD300LG-γ/
CHO-CIK killing four types of target cells were all in-

creased compared with the other three kinds of CIK. In 
particular, the activities of CTL killing pEGFP-C3/CHO 
and CHO cells were significantly enhanced. When using 
hCD300LG-γ/CHO as target cells, the killing activities 
had no significant difference in hCD300LG-γ/CHO-CIK, 
pEGFP-C3/CHO-CIK, and CHO-CIK, whereas they were 
all significantly higher than that of CK-CIK. The activi-
ties of CIK killing target cells of pEGFP-C3/CHO, CHO, 
and K562 cells were similar, but they were significantly 
enhanced in killing hCD300LG-γ/CHO cells. Meanwhile 
the activities of CK-CIK killing hCD300LG-γ/CHO cells 
were significantly increased compared with that of killing 
pEGFP-C3/CHO, CHO, and K562 cells. 

Our results indicated that after CD300LG induction, 
the activities of CIK including CTL and NK cells could 
be significantly enhanced. And compared with standard 
cytokine induction, CD300LG induction had a better ef-
fect. Therefore, CD300LG could be expected to become 
an important molecule in CIK induction to enhance anti-
tumor effects. Interestingly, the activities of CIK killing 
hCD300LG-γ/CHO were higher than that of killing pEG-
FP-C3/CHO, CHO, and K562 cells, which could not ex-
press CD300LG-γ. This suggests that whether CD300LG 
was expressed on effector cells or on target cells, it might 
increase the number of local immunocompetent cells via 
mediating lymphocytes adhesion, thereby enhancing kill-
ing activities of CIK cells, such as CTL and NK cells. The 
exact mechanisms need to be further researched.

The authors declare no conflict of interest.
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