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Abstract: BACKGROUND: The activation and proliferation of T cells are based on the signal transduction after 

combinating of ligands and T cell antigen receptors(TCRs). As an adapter molecular, LAT(Linker for Activation of T 

Cells) is a kind of transmembrane protein which leads to a positive regulation for growth and differentiation of T 

cells[1,2]. Then, the palmitoylation of LAT is the foundation of signal transduction process. OBJECTIVE: By 

construct an tumor model with T leukemia Jurkat cells in nude mice, to research the effect of high expression of 

LAT to tumor load of mice. METHODS: Culturing the Jurkat cell line, the 5 weeks old female node mice were 

classified to three groups: high expression of LAT group, LAT mutation group and normal Jurkat group, each group 

had 8 mice. After pretreated with cyclophosphamide, 5×106/mice Jurkat cells were injected at armpit. Then observed 

the tumor of mice, measured weight of tumors, and HE stained of tumor tissues. Flow cytometry was used to detect 

proliferation of tumor cell in peripheral blood. ELISA was used to test the level of interleukia (IL)-2 in serum.  

RESULTS: After injected cells several days, the nude mice have appeared tumors under armpit and some symptoms 

like somnolent, anorectic and ect. The results of Flow cytometry and ELISA had shown that high expression of LAT 

group had the highest rate of tumor cells proliferation than other groups. CONCLUSION: It was successfully 

established the nude tumor model of T lymphocyte, confirmed the positive effect of LAT to the T cells activation 

and proliferation, provided a new target for acute T lymphocytic leukemia gene therapy. 
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INTRODUCTION 

Balb/c nude mice (Balb/c-nude) is a new variety of 

mutant mouse formed in homozygosis of alleles of 

nude locus in VII linkage group. It has no thymus and 

cannot generate normal T cells. It has been reported 

that they had established animal model in Balb/c 

nude mice by tumor tissue xenograft[3]. Therefore, it 

is an ideal experimental animal model to study T 

lymphocytic leukemia. 

 

LAT is a single-stranded transmembrane protein with 

the relative molecular weight of 36-38KD which 

mainly shows on T cells, NK cells,mast cells and 

platelets[4-7]. The whole single strand is composed of 

an extracellular domain (containing 4 amino acids), a 

transmembrane domain (containing 22 amino acids) 

and a cytoplasmic domain (containing 208 amino 

acids). LAT is an important adaptor protein in T 
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lymphocyte activation. When T cell is activated, the 

two cysteine residues on inner side of LAT membrane 

(Cys26 and Cys29) will undergo palmitic 

acidification[8]. Thus, LAT will be located on 

glycolipid enriched microdomains (GEMs) on cell 

membrane. Then, it will make signal transduction 

together with other signal proteins[9]. If this site 

mutation occurs, it will prevent the combination of 

proteins and lipid rafts[10]. Therefore, this in vivo 

experiment aims to study the influence of LAT on T 

lymphocyte signal transduction through 

tumorigenesis in nude mouse. 

 

MATERIALS AND METHODS 

 

Materials 

Cells 

Juakat cells were saved in the Department of 

Immunology,Medical College of QingDao 

University. 

Animals 

Balb/c nude mice were purchased from Beijing Vital 

River Laboratory Animal Technology Co., Ltd. the 

certification No. was SCXK (Jing) 2012-0001. The 

mice were all female and 5 weeks old.  

Main reagents and instruments  Source 

PRMI-1640culture,fetal bovine serum Hyclone, USA 

Mouse-anti-human CD59 monoclonal antibody BD Biosciences Company, USA 

cyclophosphamide (CTX, 0.2g/dose) Jiangsu Hengrui Medicine ,China 

Fluoview FV1000 laser confocal microscope Olympus, Japan 

Human IL-2 Elisa kit USA 

 

Methods 

Cell culture and transfections 

We used Juakat cell strain of human which is an acute 

leukemia T lymphocytic series. At first, transfected 

Juakat cells with EGFP (enhanced green fluorescence 

protein) lentivirus as the carrier. Thus, cell strains of 

LAT (LAT molecule high expression) and LAT-M 

(LAT palmitoylation site mutant) will be created. 

Then, used 100U/ml penicillin, 100U/ml 

streptomycin, 10% inactivated newborn calf serum 

and RPMI-1640 medium to prepare sterile complete 

medium. Cultured in the incubator under the 

condition of 37℃, 5%CO2 saturated humidity. 

 

Animal 

Balb/c nude mice were fed in SPF laboratory. Strict 

aseptic operation was made. All articles used were all 

autoclaved before have been used.  

 

Tumorigenesis model 

Adjusted concentration of CTX to 20mg/ml. Gave 

intraperitoneal injection 2mg for each mouse for two 

days successively. On the third day, taken logarithmic 

phase Jurkat cell strains. Centrifuged and suspend. 

Gave subcutaneous injection 5×106 /0.1ml LAT high 

expression cells, LAT palmitoylation locus mutation 

cells and normal Jurkat cells at armpits of different 

groups of mice respectively for two days in 

succession. Observed tumor formation situation of 

the mice after injection. 

  

Tumor tissue hematoxylin-eosin (HE) staining 

Taken tumor of the mice. Rinsed it with PBS solution, 

and then dipped it in 10% neutral formalin solution 

for fixation. After 48-72h, dehydrated, waxdipped, 

embedded and made it into paraffin section. After HE 

staining, observed tumor cell proliferation with 

microscope.  

 

Flow cytometry (FCM) detection 

Taken peripheral blood (PB) of the mouse. Added 

Mouse anti-human CD59 monoclonal antibody with 

PE mark. Incubated in dark for 20min. added red 

blood cell lysate and kept in dark for 10min. Washed 
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twice with PBS. Precipitated and added PBS. 

Blended completely and sampled.  

 

ELISA testing  

Taken PB of the mouse. Centrifuged and collected 

the supernatant. Set 10 standard pores on enzyme 

label-coated plate. Added 50µL standard substance in 

different concentrations respectively. Added 10µL 

sample to be tested in to the sample pore. Added 

nothing to blank control pore. Set 4 duplicate pores 

for each pore. After sealed the plate with microplate 

sealers, made 37℃ warm bath for 30min. Washed 

five times. Added 50µL enzyme label reagent in each 

pore except for blank pore. Made warm bath and 

clean. Added color developing agent. Developed in 

dark for 15min in 37℃. Stopped reaction. Tested 

absorbance (A) value at 450nm wave length of each 

pore within 15min.  

 

Main outcome measures 

The weight and HE staining of tumors; Proliferation 

of cancer cells; The expression level of IL-2 in 

serum. 

 

Statistical analysis 

The paired-samples test was conducted for statistical 

analysis. Express the measurement data in the way of 

mean± standard deviation ( x ±s). P<0.05 was 

considered significant. SPSS19.0 statistics software 

was used for analyze the data. 

 

RESULTS 

Cells 

Under laser confocal microscope, As shown in Figure 

1A, there was no green fluorescence in normal Jurkat 

cells. In Figure 1B-C, it shown green fluorescence, 

And in Figure 1B, we could saw green fluorescence 

focused on the cell membrane which had a bit 

gathering area, suggesting it may be lipid rafts. In 

Figure C, Jurkat cells transfected with 

LAT-M-EGFP, green fluorescence was in 

distribution, and couldn’t saw the gathering 

area(Figure 1).

     

   

Figure 1 The green fluorescence under confocal microscope 

Note: (A) Jurkat cells with no luminescence; (B) Jurkat cells transfected with LAT-EGFP; (C) Jurkat cells 

transfected with LAT-M-EGFP. All cells were stimulated by 488 nm luminescence. 
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Tumorigenesis of mice 

After been injected with tumor cells, the mice 

became somnolent and anorectic. There were visible 

lumps in subcutaneous tissue at armpits. With the 

lump gotten large, the weight reduced. Other 

symptoms included poor appetite and low spirit. 

Killed the mice in the fourth week. Taken out the 

tumor tissue and weighed. Weight of the tumors of 

LAT high-expression group was higher than that of 

other two groups. That of LAT mutation group was 

lower than that of normal Jurkat cell group. By these 

comparison, P ＜ 0.05. Thus, the difference had 

statistical significance (Figure 2). 

      

        Figure 2 The weight of tumors for each group （﹡P＜0.05） 

 

HE staining of the tumor tissue 

Killed the mice and Taken out the intact tumor. The 

tumor had visible clear boundaries. The margin was 

irregular. After staining, you could saw tumor cells 

arranged in blade or gathered into cluster from the 

microscope. Boundaries of most cells were unclear. 

Compared with culture in vitro, the form had changed 

a lot. Cells had different sizes. Cell chromatins 

gathered in sheet. Compared with LAT mutation 

group and normal Jurkat group, tumor cell 

aggregation of LAT high expression group was more 

obvious, and cell proliferation was more violent. It 

showed that LAT promoted T lymphocyte 

proliferation (Figure 3). 

          

﹡ 

﹡ 

A: LAT high expression group 

B: Normal Jurkat group 

C: LAT mutation group 
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     Figure 3 The histopathological examination of tumor(×400times) 

 

FCM detection 

Saw the figure for PB tumor cell proliferation. Proportion of CD59 positive cells of LAT high expression group was 

higher than that of other two groups, P＜0.05. LAT mutation group was lower than the normal Jurkat cell group, P

＜0.05 showed that the difference had statistical significance (Figure 4). 

                  A                            B  

               

 

                  C 

        

 

A: LAT high expression group 

B: Normal Jurkat group 

C: LAT mutation group 
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                       Figure 4 The result of FCM detection 

 

Expression level of IL-2  

In serum, ELISA testing result showed that LAT high 

expression group has higher IL-2 level than other two 

groups, P＜0.05. IL-2 level of LAT mutation group 

was lower than that of normal Jurkat group, P＜0.05 

showed that the difference had statistical significance. 

It indicated that T cell activation level of LAT high 

expression group was far higher than that of LAT 

mutation group and normal Jurkat group (Figure 5). 

       

               Figure 5 The level of IL-2 in ELISA testing（﹡P＜0.05） 

Discussion 

LAT is a transmembrane protein that becomes 

rapidly tyrosine-phosphorylated after TCR 

engagement[11]. As an adaptor protein in T 

lymphocyte activation, LAT palmitic acidification is 

important to the signal transduction process and 

location on the membrane of plasma cells[12], LAT of 

non-palmitoylation is easy to be decomposed[13,14]. 

From its structure, we can learn that LAT molecule 

extracellular domain is short, and the cytoplasm 

domain is relatively long[2,15]. However, the study 

shows that LAT extracellular section is of great 

importance to its own stability. Especially, its 

palmitic acid guarantees LAT locating on GEMs, this 

microdomain palys an inportant role in signal 

transduction after TCR engagement[16,17]. It is 

reported that lipid rafts is a general term used to 

describe microdomains at membrane, and enriched in 

glycosphingolipids, sphingomyelin and cholesterol 

creating an environment which attracts certain 

proteins while excludes others[18-20]. 

 

﹡ 

﹡ 

﹡ 

＊ 

A: LAT high expression group 

B: LAT mutation group 

C: Normal Jurkat group 

A: LAT high expression group 

B: LAT mutation group 

C: Normal Jurkat group 
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The study shows that the anchoring structure of 

glycosyl phosphatidylinositol (GPI) of CD59 

molecule[21], a Ly6 superfamily member is the basis 

of signal transduction, which has palmitic acid group 

needed by LAT[22]. Our research group has proved 

that CD59 can be located on lipid raft by providing 

the acid group for palmitic acidification needed by 

LAT and further finish signal transduction[23]. This 

research further compares the impacts of LAT high 

expression and LAT palmitic acidification locus 

mutation on cell proliferation based on nude mouse 

tumorigenesis and then analyzes activation effect of 

LAT molecule in T cell signal transduction.  

 

The research finds that morbidity of 5-week mice is 

100%[24]. Therefore, we use 5-week female Balb/c 

nude mice. After injecting leukemia cells at armpits, 

there are visible lumps in armpits in the second week. 

The tumors also get larger than larger. Till the third 

week, the early symptoms of leukemia appear, which 

shows that the tumor cells have spread in the mouse 

body. Considering the small week age of the 

experimental mice, after CTX pretreatment, the 

number of tumor cells gets larger, which greatly 

enhances the success rate of modeling. Pathological 

HE staining shows that tumor tissue of LAT high 

expression group is dense and has abundant blood 

vessels. The research shows that after monoclonal 

antibody detection, CD59 expresses high in Jurkat 

cell series[25]. Therefore, CD59 positive rate is taken 

as the indicator of tumor cell invasion. Human tumor 

cell surpassing 1% in tumor-bearing mice is taken as 

the implantation standard[26]. FCM result shows that 

the three groups all have tumor cell proliferation. 

Proportion of positive cell in PB of LAT high 

expression group reaches 8.5%. IL-2 is mainly 

generated by the activated CD4+ T cells and can 

influences T cell proliferation[27-29]. The level of IL-2 

would reduced when the avtivation of T cells is be 

interfered[30]. In this research IL-2 secretion level of 

LAT high expression group is higher than other two 

groups, which is closely related to the activation 

effect of LAT molecules to T lymphocyte 

proliferation.  

In this research, a Jurkat cell nude mouse tumor 

model was established. The identification result 

shows that LAT can locate to lipid raft through 

palmitic acidification and can continue transducing 

signals. After palmitic acidification site mutation, T 

cell activation signal transduction will be restrained. 

This research will provide a new target for T 

lymphocytic leukemia gene therapy. 
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