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ABSTRACT 
 

Clinical characteristics of human lymphoid tissue inducer cells 
isolated from tonsils 

 

 

Jung Hyun Chang 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Kyung-Su Kim) 

 

 

Lymphoid tissue inducer (LTi) cells, found in mouse secondary lymphoid 

tissue, influence the development of lymph nodes and Peyer’s patches, and play 

critical roles in lymphoid tissue development and maintenance of CD4 

dependent immune responses. A number of attempts have been made to search 

for the human equivalent of murine LTi cells. However, the presentation of 

human LTi-like cells in various conditions has not been elucidated yet. 

Therefore, this study was designed to explore the relationship between LTi-like 

cells and the patients’ clinical and immunological conditions. Initially, the 

quantity of CD117+CD3-CD56- LTi-like cells separated from human tonsil 

tissue was analyzed in conjunction with clinical factors (sex, age, height, weight, 
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tonsil size, allergy, IgE and eosinophils), and T cells and B cells. Then, as the 

importance of CD127+ expression was reported, CD117+CD3-CD56-CD127+ 

LTi cells were also evaluated along with clinical factors and T cells. The 

expression of OX40L and IL-22 on CD117+CD3-CD56- cells isolated from 

tissues afflicted with frequent tonsillitis was also investigated. T-test analysis 

and Pearson’s correlation coefficient analysis were used to test for statistical 

significance and a p-value less than 0.05 was considered to be statistically 

significant. Results show that the presence of frequent tonsillitis showed a 

correlation to LTi cells. The percentage of naïve CD4 T cells and memory CD4 

T cells was significantly related to that of LTi cells. Additionally, the percentage 

of naïve CD4 T cells and memory CD4 T cells was significantly associated with 

each other. However, B cells isolated from the palatine tonsil did not show a 

correlation with LTi cells. The frequent tonsillitis group showed high levels of 

constitutive OX40L expression on the LTi-like cells, and the production of IL-

22 was increased. 

These results suggest that LTi cells are stimulated and increased by cytokines 

secreted under conditions of frequent inflammation, and that these increased LTi 

cells prolong the survival of memory CD4 T cells and increase the number of 

naïve CD4 T cells which may lead to induction of early intrinsic immunity. 

Further studies of this sequence should be performed. 

Keywords: tonsil, lymphoid tissue inducer cell, inflammation, memory CD4 T 

cell 
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I. Introduction 
 

Lymphoid tissue inducer (LTi) cells are found in mouse-origin lymphoid 

tissues, and influence the development of secondary lymphoid tissues by 

inducing embryogenesis of lymph nodes and Peyer’s patches1,2. Mouse-origin 

LTi cells differentiate into antigen-presenting cells (APCs), NK cells, and 

follicular cells, but not into T cells or B cells3. They are considered to have 

originated from hematopoietic cells due to their CD45 expression. They are 

found in the liver, spleen, lymph nodes, and thymus, but not in the bone marrow. 

Embryologically, LTi cells are found in mouse liver on day 12 embryos, and 

show IL-7Rα+Sca-1lowCD117low expression at the liver on day 14 embryos. They 

are immunologically CD4 positive or negative, CD45+, CD117+, CD127+, 

CD132+, CD11c-, and CD45R-. Embryonic LTi cells differentiate into NK1.1+ 

cells, and CD11c+ dendritic cells, and are distinguished from NK cells. Although 

LTi cells originate from premature lymphoid tissue and express RORrt and 

NKp46 like NK cells, they do not produce IFN-γ or perforin, which are 
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produced by NK cells1,2. 

Kim et al. found LTi cells in adult mouse spleen, and suggested that LTi cells 

do not disappear after birth, but are involved in the memory response by 

expressing survival signals to activated T cells in adult mice4. Along with their 

influence on secondary lymphoid tissue development, LTi cells are also 

involved in the negative selection of immature T cell development in the 

thymus. Likewise, thymic LTi cells are involved in central tolerance modulation 

in the thymus, thus they have different functions from the peripheral immunity 

of spleen and lymph nodes. A number of studies have attempted to find human 

equivalents of mouse LTi cells. Spencer et al. reported that many CD4+ cells are 

present in the human ileum in embryos at 11 weeks5. They did not mention 

whether these cells are macrophages expressing CD4 or human equivalents of 

LTi cells, but they suggested that there are cells in human embryogenesis that 

are similar to mouse LTi cells which are involved in the development of 

lymphoid tissue. In a human fetal study, Cupedo et al. reported that the 

IL17+IL22+CD3-CD4-IL7Rα+RORC+ cells are similar to mouse LTi cells6. The 

major difference between human and mouse LTi cells is the expression of CD4; 

mouse LTi cells are variable (positive or negative) in CD4 expression, whereas 

human LTi cells are CD4 negative or low. Fifty to seventy percent of human LTi 

cells are CD7 positive (the marker of T-cells and NK cells). Caligiuri et al. 

categorized NK cells of human lymphoid and tonsil tissues into 4 stages 

according to the expression of CD56, CD34, CD117, and CD947. Human LTi 
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cells are similar to stage 3 CD56-IL-7Rα+ NK cells (immature committed NK 

cells). Half of these cells differentiate into an intergrade of stages 3 and 4 

(CD56+IL-7Rα- NK cells), but do not differentiate into T cells or dendritic cells. 

A study attempting to identify human LTi cells in secondary lymphoid tissues 

has been successful, and CD117+CD3-CD56- OX40L+ cells have been identified. 

These cells are similar to those of adult mice and express CD127, OX40L and 

TRANCE8. However, conditions influencing the production and presentation of 

human LTi-like cells have not been elucidated. The goal of this study was to 

explore LTi cells isolated from human tonsils and investigate the relationship 

between LTi cells and various clinical and immunological conditions. We also 

assessed the tendency of LTi cells to be involved in adult immunity in 

association with OX40 and IL-22.  
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II. Materials and methods 

1. Materials 

Human tonsils were obtained from the Gangnam Severance Hospital of 

Yonsei University Health system. All experiments were carried out with the 

approval of the Gangnam Severance Hospital Institutional Review Board (IRB) 

and informed consent was obtained for the academic use of the tissues. Cells 

were cultured in RPMI1640 media (GIBCO BRL, Grand Island, NY, USA), 

Hank's balanced salt solution (HBSS; Invitrogen, Carlsbad, CA, USA), FBS 

(Hyclone, Logan, UT, USA), and penicillin/streptomycin (GIBCO BRL, Grand 

Island, NY, USA). Antibodies (Abs) conjugated with magnetic beads and the 

midiMACS separation unit were purchased from Mylteni Biotech (Bergish 

Gladbach, Germany). 

 

2. Isolation of lymphocytes from human tonsils 

To separate cells from human tonsils, the extracted tonsils were cut into 

small fragments with a approximate volume of 8 mm3. A mixture of 1 mg/ml 

collagenase (Roche, Mannheim, Germany) was added and then reacted for 40 

min at a temperature of 37℃. The tissue was crushed and prepared to be single 

cells. Next, the red blood cells (RBCs) were depleted using Gey’s solution. 

 

3. Flow cytometry analysis  

Monoclonal antibodies (mAbs) for CD117 (YB5.B8), CD3 (SK2), 
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CD45RO (UCHL1), NKp46 (9E2/NKp46) and OX40L (IK-1) were purchased 

from BD Biosciences (San Jose, CA, USA). mAbs for CD56 (MEM188), 

CD127 (RDR5), CD4 (RPA-TA), were purchased from eBioscience (San Diego, 

CA, USA). In order to detect IL-22, cells were cultured for 4 h in the presence 

of Golgi-stopTM (BD Biosciences), and were stained with surface Abs for CD3, 

CD117 and CD56 followed by IL-22E using the Cytofix/CytopermTM kit 

according to the manufacturer’s instructions (BD Biosciences). 

 

4. Analysis of the B cell distribution of tonsils 

Immunohistochemical staining was carried out to study B cell distribution in 

tonsils. First, the paraffin-embedded tissues were cut into 4 μM thickness and 

stained immunohistochemically with antibodies. The number of lymphoid 

follicles per unit area, the size of the follicle, and the area of B cells were 

measured. The number of lymphoid follicles was counted for the secondary 

lymphoid follicle, which has a prominent germinal center, observed at 12.5 

magnification (2.43 cm2). It was divided by observing the area to determine the 

number of lymphoid follicles per unit area (number/cm2). The area of B cells 

was determined by the relative ratio to the whole area (%). In order to determine 

the size of the follicle, the length of the long axis of the follicle and 75% of 

samples with large lengths were measured. The average value of them was used 

as the size of the follicle in millimeters. 
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5. Clinical analysis factor 

The clinical characteristics of subjects, taking gender, age, and height-weight 

ratio (%) were analyzed. The sizes of tonsils were classified according to 

Friedman’s 0-4 scale9-11. We recorded whether they have frequent tonsillitis, a 

cause of tonsillectomy (3 times or more a year, 5 times or more in 2 years, or 7 

times or more in 3 years) or snoring/mouth breathing. In addition, the presence 

of allergy, the amount of IgE and the number of eosinophils were included as 

factors in the clinical analysis. 

 

6. Immunologic analysis factor 

Statistical analyses were performed to analyze potential correlations between 

the percentage distribution of LTi-like and LTi cells and the distribution of T 

cells isolated from the tonsils (including naïve CD4 T cells, memory CD4 T 

cells, naïve CD8 T cells, memory CD8 T cells), the distribution of B cells in the 

tonsils (the number of lymphoid follicles per unit area, the area of B cells, the 

size of the follicles) and the clinical analysis factors. The statistical evaluation 

of the data was performed by T-test and Pearson’s correlation coefficient. 

Differences were considered significant when the p-value was <0.05. 
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III. Result 

1. CD117+CD3- CD56- LTi-like cells isolated from human tonsils 

The presence of CD117+CD3-CD56- LTi-like cells was investigated in 

human tonsils. About 60.4% of tonsil tissues did not express CD3. A total of 

0.43% of CD3- populations contained CD117+CD56-cells and 0.259% were 

CD117+CD3-CD56- LTi-like cells (0.43% in 60.4%) (Figure 1). 

 

Figure 1. Flow cytometric analysis of cells in human tonsils. Tonsilar cells were 

stained for CD3, CD117, and CD56. 

 

2. T cell populations isolated from human tonsils 

Lymphocytes were isolated from tonsils and the CD117- cells were sorted 

using corresponding monoclonal antibodies. About 37.4% in tonsil tissues 

contained CD117-CD3+ cells. As expected, the cells could be divided into four T 

cell subsets according to the expression of CD4 and CD45RO (naive CD8 T 

cells = CD3+CD4-CD45RO-, memory CD8 T cells = CD3+CD4-CD45RO+, 

naive CD4 T cells = CD3+CD4+CD45RO-, memory CD4 T cells = 

CD3+CD4+CD45RO+) (Figure 2).  
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Figure 2. Flow cytometric analysis of the T cell subsets. Tonsilar cells were 

stained for CD3, CD117, CD4, and CD45RO. 

 

3. The correlation between CD117+CD3-CD56- LTi-like cells and clinical 

data 

The mean age was 17.93±15.14 years old (the oldest and the youngest were 

55 and 3 years old, respectively). The gender ratio was 24 (male) : 17 (female). 

The number of LTi-like cells turned out to have no correlations with most 

clinical data, such as sex (p=0.642), age, height-weight ratio (%)(p=0.751), 

tonsil size(p=0.955), symptoms of snoring/mouth breathing(p=0.487), the 

presence of allergic rhinitis(p=0.882), the amount of IgE(p=0.785), the number 

of eosinophils(p=0.637). Only the frequent tonsillitis was related with the 

amount of LTi-like cells (p=0.019) (Figure 3, Figure 4). 
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Figure 3. Flow cytometric analysis of cells in human tonsils. Tonsilar cells were 

stained for CD3, CD117, and CD56. 
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 Figure 4. Correlation analysis of clinical symptoms (t-test, n=41). 
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4. Distribution of CD117+CD3-CD56- LTi-like cells and T cell in tonsils  

The correlations between the number of LTi-like cells (%) and the 

percentage distribution of naive CD4 T cells, memory CD4 T cells, naive CD8 

T cells, and memory CD8 T cells (as an indicator of T cell distribution) were 

analyzed. The LTi-like cells showed a positive correlation to the naïve CD4 T 

cells (p=0.024) and the memory CD4 T cells (p=0.012). 

In addition, a positive correlation was found between the cell numbers of 

naïve CD4 T cells and memory CD4 T cells (p=0.002), naïve CD4 T cells and 

naïve CD8 T cells (p<0.001), and memory CD4 T cells and memory CD8 T 

cells (p<0.001) (Table 1). 

Table 1. Correlation analysis using T cell distribution  

 Naïve CD4 Memory CD4 Naïve CD8 Memory CD8 

LTi-like cells 0.352* 0.386* 0.178 0.156 

Naïve CD4 - 0.466*  0.544* 0.083 

Memory CD4  - -0.08  0.611* 

Naïve CD8   - -0.079 

Memory CD8    - 

(Pearson’s correlation coefficient, n = 41)  *P<0.05 
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5. Distribution of CD117+CD3-CD56- LTi-like cells and B cell in tonsils 

The correlations between LTi-like cells and the number of lymphoid follicles 

per unit area, the area of B cells, and the size of follicles, were analyzed. These 

factors are indicators of B cell distribution in tonsils. The LTi-like cells did not 

have any correlation with either of such factors (p<0.05, Table 2). 

Table 2. Analysis using B cell distribution  

(Pearson’s correlation coefficient, n = 41) 

  

 LTi cells 

 r P value 

Number of follicles 0.187 0.242 

B cell area (number/cm2) -0.055 0.734 

Follicle size (%) -0.250 0.115 
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6. Frequent tonsillitis vs. T cell and B cell distribution of tonsils  

The correlation between frequent tonsillitis and the distributions of T cells 

and B cells was assessed. Having frequent tonsillitis is positively correlated 

with the numbers of naïve CD4 T cells (p=0.026) and memory CD4 T cells 

(p=0.039) (Figure 5), though it shows no correlation with the distribution of B 

cells (Figure 6).  
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Figure 5. Analysis of correlations between frequent tonsillitis and T cell subset 

distribution (t-test, n=41). 

 



15 

 

None Frequent tonsillitis
0

10

20

30

40
p=0.711

Fo
lli

cl
e(

nu
m

be
r/

cm
2)

 

None Frequent tonsillitis
0

20

40

60

80

100
p=0.084

B
 c

el
l a

re
a(

%
)

 

None Frequent tonsillitis
0.0

0.2

0.4

0.6

0.8

1.0
None (n=26)
Frequent tonsillitis (n=15)

p=0.112

Fo
lli

cl
e 

si
ze

(m
m

)

 

Figure 6. Analysis of correlations between frequent tonsillitis and follicle 

numbers, B cell distribution and follicle sizes (t-test, n=41). 
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7. CD117+CD3-CD56-CD127+ LTi cells isolated from human tonsils 

Recently it was reported that LTi cells express CD127. Therefore, the 

correlations among frequent tonsillitis, CD117+CD3-CD56-CD127+ LTi cells 

and the distributions of T cells were assessed. About 0.2% of tonsil tissues 

contained CD117+CD3- cells (Figure 7). A total of 19.9% of CD117+CD3- 

populations were CD56- and CD127+ in tonsil tissues and 0.04% were 

CD117+CD3-CD56-CD127+ cells (19.9% in 0.2%). 

 

 

Figure 7. Flow cytometric analysis of cells in human tonsils. Tonsilar cells were 

stained for CD3, CD117, CD56 and CD127. 
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8. Analysis of CD117+CD3-CD56-CD127+ LTi cells using clinical symptoms 

Having frequent tonsillitis was positively correlated to the presence of 

CD117+CD3-CD56-D127+ cells (Figure 8) which was consistent with previous 

data regarding CD117+CD3-CD56- LTi-like cells. Having frequent tonsillitis 

also has positive correlations with the presence of naïve CD4 T cells (p=0.011), 

memory CD4 T cells (p=0.003), and NK cells (p=0.005), though it shows no 

correlation with the presence of naïve CD8 T cells (p=0.214), memory CD8 T 

cells (p=0.401), or NK precursor cells (p=0.395) (Figure 9, Figure 10).  
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Figure 8. Correlatoin between LTi cells and clinical symptoms (t-test, n=64). Y-

axis shows the percent of LTi cells in total tonsil tissues. 
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Figure 9. Analysis using T cell distribution (t-test, n=64). 
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Figure 10. Analysis using T cell distribution (t-test, n=64). (NK precursors 

cells=CD117-CD3-CD56+NKp46+, NK cells=CD117+CD3-CD56+CD127+) 
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9. Distribution of CD117+CD3-CD56-CD127+ LTi cells and T cell in tonsils  

Analyses were carried out assessing the correlations between the percentage 

of LTi cells and the percentage distribution of naive CD4 T cells, memory CD4 

T cells, naive CD8 T cells, memory CD8 T cells, NK precursor cells, and NK 

cells. Results show that the percentage of LTi cells is positively correlated to the 

percentage distribution of naïve CD4 T cells (p=0.043), memory CD4 T cells 

(p=0.003), memory CD8 T cells (p=0.023), NK precursor cells (p=0.046) and 

NK cells (p<.001). In addition, a positive correlation was found between the cell 

numbers of naïve CD4 T cells and memory CD4 T cells (p<.001), naïve CD4 T 

cells and naïve CD8 T cells (p<.001), naïve CD4 T cells and NK cells (p=0.204), 

memory CD4 T cells and naïve CD8 T cells (p=0.038), memory CD4 T cells 

and memory CD8 T cells (p<.001), naïve CD8 T cells and NK precursor cells 

(p=0.005), naïve CD8 T cells and NK cells (p=0.041), and finally, NK precursor 

cells and NK cells (p=0.033) (Table 3). 

Table 3. Correlation analysis using T cell distribution  

 Naïve  
CD4 

Memory 
CD4 

Naïve  
CD8 

Memory 
CD8 

NK 
precursor  

NK 
cells 

LTi cells 0.148* 0.371* 0.120 0.284* 0.251* 0.473* 

Naïve CD4 - 0.418* 0.744* 0.153 0.161 0.346* 

Memory CD4  - 0.261* 0.646* -0.053 0.191 

Naïve CD8   - 0.048 0.344* 0.256* 

Memory CD8    - -0.095 0.156 

NK precursor     - 0.267* 

(Pearson’s correlation coefficient, n = 64)  *P<0.05 
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10. CD117+CD3-CD56- LTi-like cells express OX40L and produce IL-22 

In mice, LTi cells support memory CD4+ T cell survival by the expression of 

OX40L and express high levels of IL-228. Therefore the expressions of OX40L 

and IL-22 in frequent tonsillitis were investigated. Having frequent tonsillitis 

was associated with CD117+CD3-CD56- cells that expressed high levels of 

constitutive OX40L Additionally, the production of IL-22 was increased in 

tissues extracted from those that experienced frequent tonsillitis (Figure 11). 
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Figure 11. Flow cytometric analysis of CD117+CD3-CD56- cells in human 

tonsils. Y-axis shows the relative ratio (%) in CD117+CD3-CD56- cells. 
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IV. Discussion 

Since LTi cells in mice were first identified in the late 2000s, they have been 

shown to induce the development of secondary lymphoid tissues including 

lymph nodes, spleen and Peyer’s patches in early embryogenesis3. 

Lymphotoxin-alpha (LTα) belonging to the tumor necrosis factor superfamily 

and LTβ receptor in stromal cells are known for their major functions in this 

process. CD127 (IL-7Rα), Ikaros, retinoid-related orphan receptor gamma 

(RORγ), Id2 (helix-loop-helix protein), Jak3, and CD132 also influence the 

development of the lymph nodes and Peyer’s patches1-3,12-14. 

The mechanism of action of the LTi cells on the development of secondary 

lymphoid tissues involves the expression of LTα and LTβ through signal 

transduction from IL-7 on LTi cells which express the IL-7 receptor during the 

development of lymphoid tissue in embryos15,16. Stromal cells that receive 

signals from LTα and LTβ through the LTβ-receptor, are activated. Activated 

stromal cells then secrete adhesion molecules and homeostatic chemokines 

CCL19 and CCL21 (T-zone chemokines) which stimulate congregation of 

recirculating T-cells and formation of the T-zone, and CCL13 (B -one 

chemokine) which simulates the congregation of B-cells, and thus the formation 

of the B-zone (follicle or B-cell area)15,17. LTi cells are activated by the 

chemokines secreted from stromal cells, and also stimulate stromal cells and 

development of lymphoid tissue. 

This mechanism was elucidated by several studies on gene knockout mice 
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concerning lymphoid organogenesis. These studies demonstrated that LT-α or 

LT-β receptor knockout mice could not develop secondary lymphoid tissues, 

and IL7, IL7 receptor, or CXCL13 knockout mice showed decreased 

development of secondary lymphoid tissues in general1,2. Finke et al. reported 

formation of Peyer’s patches in CXCR5 knockout mice after inoculation with 

fetal LTi cells which demonstrates the LTi cell function in lymphoid 

organogenesis2. Subcutaneous injection of neonatal LTi cells in mice resulted in 

the formation of lymphoid node-like structures through interaction with host 

stromal cells which revealed LTi function in secondary lymphoid tissue as well 

as in tertiary lymphoid tissue18. 

Adult mouse LTi cells show different characteristics from fetal LTi cells. 

Adult LTi cells influence the development of secondary lymphoid tissue, 

including spleen and lymph nodes, and are involved in the production of 

memory CD4 T-cells by expressing OX40-ligand (L) (TNFSF4) and CD30L 

(TNFSF8) 4. They are situated in the white pulp of the spleen, in the margin of 

the B-zone and T-zone. They provide signals through LTβR on stromal cells and 

help maintain the separation of the B-zone and T-zone by producing CXCL13, 

CCL19, and CCL21. Adult mouse LTi cells stimulate separation of the B-zone 

and T-zone in the secondary lymphoid tissues, and provide survival signals on 

T-helper memory cells. These LTi cells have been found and studied in the 

mouse, but the human equivalent of LTi cells in the secondary lymphoid tissue, 

which are CD4-CD3-CD11c-CD45lowCD117+ LTi-like cells producing IL-228, 
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were only recently identified and isolated from human lymph nodes, spleens, 

intestines, and tonsils.  

With all this in mind, there is a possibility in secondary lymphoid tissue that 

LTi-like cells are concerned with T cells or B cells. Therefore, the relationship 

between human LTi-like cells and T cells, B cells in tonsils was investigated. 

And I tried to find out that which acquired factors are related with LTi-like cells 

production. In this study, the clinical characteristics and function of human LTi-

like cells separated from human tonsil tissues was investigated. The results 

demonstrated that LTi-like cells are increased in frequent tonsillitis. Although 

there has been a murine study showing the role of LTi-like cells with B cells, 

my result shows no significant correlation in human LTi cells. And there has 

been a murine study showing an increase of differentiation into LTi cells in IL-7 

transgenic mice, factors concerning an increase of human LTi-like cells have not 

been elucidated19-22. Referring to studies in intestines and mucosa-associated 

lymphoid tissues such as tonsils, LTi-like cells increase under inflammation 

conditions by increased differentiation of precursor cells into LTi-like cells 

induced by cytokines secreted in bacterial infections since the destiny of 

progenitor cells changes by cytokines secreted in microenvironment23-25. Based 

on previous studies, an increase in the differentiation into LTi-like cells seems to 

be highly influenced by cytokines produced during bacterial infection, since 

LTi-like cells are important defense cells in bacterial infections because they 

produce IL-22 in large amounts8,26-30.  
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The results of this study show that LTi-like cells have a statistically 

significant positive correlation to the percentage of naïve CD4 T cells and 

memory CD4 T cells in tonsil tissues. This finding agrees with a study showing 

that memory CD4 T cells are increased by LTi-like cells4. However, that same 

study showed that LTi-like cells have little influence on the survival of naïve 

CD4 T cells, naïve CD8 T cells and memory CD8 T cells. Naïve CD4 T cells - 

memory CD4 T cells, naïve CD4 T cells - naïve CD8 T cells, and memory CD4 

T cells - memory CD8 T cells showed statistically significant positive 

correlations in tonsil T cells (p<0.05). Among tonsil T cells, the correlation of 

naïve CD4 T cells with memory CD4 T cells may be explained by LTi-like cell-

mediated reactions. Naïve CD4 T cells may show a memory phenotype by 

homeostatic proliferation and conversion stimulated by IL-7 and other common 

γ-chain cytokines31. The correlation between naïve CD4 T cells and naïve CD8 

T cells, and memory CD4 T cells and memory CD8 T cells, may involve a 

mutual direct relationship or other mediators such as naïve CD4 T cells and 

memory CD4 T cells. Further studies are required to clarify these mechanisms. 

Another study showed that memory T cells increase production of various 

intrinsic inflammatory cytokines and chemokines, and modulate these reactions 

in the early stage of influenza infection which suggests that the adaptive 

immune system may influence the degree and characteristic of intrinsic 

inflammatory reactions32. The theoretical mechanism of the increase in naïve 

CD4 T cells involves an increase in LTi-like cells in inflammation which 



25 

 

subsequently increases survival of memory CD4 T cells, and thus a secondary 

increase of naïve CD4 T cells. Recent studies have identified that LTi cells 

express IL-23R and elicit IL-17 and IL-22. Treatment with the yeast cell wall 

product zymosan induces IL-17 production rapidly in LTi cells29. Additionally, 

IL-23 also induces IL-17 and IL-22 production, which are important in host 

defense mechanisms29. My study also showed higher levels of constitutive 

OX40L expression and the production of IL-22 on CD117+CD3-CD56- cells 

under conditions of frequent tonsillitis. Although my study did not directly test 

the role of IL-22, LTi-like cell expression of IL-22, together with IL-17 and IL-

23, seems to play an important role for these cells in innate immune responses. 

Thus, tonsil LTi cells may play roles in rapid responses to pathogens, thus 

contributing to adaptive and innate responses. This theory should be explored 

by further studies in the near future. 
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V. Conclusion 

We observed an increase in adult LTi cells in tonsil tissues afflicted by 

frequent tonsillitis. The amount of LTi cells were positively correlated with the 

presence of naïve CD4 T cells and memory CD4 T cells. These results suggest 

that LTi cells are stimulated, and increased by various cytokines secreted in 

frequent inflammation, and that these increased LTi cells prolong survival of 

memory CD4 T cells and increase naïve CD4 T cells which leads to induction of 

early intrinsic immunity, and provide a key to understanding the function of the 

adaptive immune system in modulating intrinsic inflammation. 
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 ABSTRACT (IN KOREAN) 

 

사람 편도선에서 얻어진 림프 조직 유도세포의 임상적 특징 

 

<지도교수    김 경 수> 

 

연세대학교 대학원 의학과 

 

장 정 현 

 

 

Lymphoid tissue inducer 세포 (LTi 세포)는 생쥐의 태생 

림프조직에서 발견된 세포로, 림프절과 Peyer's patch 의 

발생에 영향을 주며, CD4 의존성 림프조직의 발생과 유지에 

관여한다. 그러나 아직 사람에서 생쥐 LTi 세포의 기능을 하는 

세포가 발견되지 않아 이와 유사한 세포를 찾고자 많은 연구가 

행해지고 있다. 최근 사람에서 LTi 유사세포가 분리되었으며 이 

세포는 면역 기억을 위한 CD4 T 세포에 영항을 미치고 IL-

22 를 생성하여 선천면역에 관여할 가능성이 높다. 그러나 LTi 

유사세포가 인체의 여러 조건에 따라 어떠한 양상으로 나타나는 

가에 대해서는 아직 연구된 바가 없다. 이에 본 연구에서는 

사람 편도조직에서 분리된 LTi 유사세포가 환자의 임상적 상태 
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및 면역학적 상태 등과 어떠한 관계가 있는가를 알아보고자 

하였다. 실험방법으로 사람 편도조직으로부터 CD117+CD3-

CD56- 세포와 CD117+CD3-CD56- CD127+ 세포를 FACS 를 

이용하여 추출하였다. 이후 LTi 유사 세포의 양(%)과 여러 

분석인자들을 비교하여 어떠한 상관관계가 있는 가를 

알아보았다. 분석인자로서 성별, 나이, 키-몸무게(‰), 편도의 

크기, 편도적출술의 원인(빈번한 편도선염, 코골이나 구강호흡), 

알레르기 여부, IgE 수치와 호산구 수치 등의 환자자료 및 

임상자료를 포함하였다. 편도선의 T 세포 분포를 나타내는 

naive CD4 T 세포, memory CD4 T 세포, naive CD8 T 세포, 

memory CD8 세포 등의 백분율 및 편도선의 B 세포 분포를 

나타내는 단위면적당 lymphoid follicle 의 수, B 세포의 면적, 

follicle 크기 등을 포함하였다. 통계는 T-test 분석과 피어슨 

상관계수를 구하여 p <0.05 를 유의하게 평가하였다. 결과로, 

환자자료 및 임상자료 중 빈번한 편도선염이 LTi 유사세포의 

양과 유의한 상관관계를 보였다. 편도선의 T 세포 인자 중 

naive CD4 T 세포, memory CD4 T 세포의 백분율이 LTi 

유사세포의 양과 유의한 상관관계를 보였다. 또한 빈번한 

편도선염과 naive CD4 T 세포, memory CD4 T 세포가 유의한 

상관관계를 보였다. 그러나 편도선의 B 세포 인자들은 LTi 

유사세포와 유의한 상관관계를 보이지 않았다. 빈번한 편도선염 

군에서 CD117+CD3-CD56- 세포에서의 OX40L 발현과 IL-22 
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의 생산이 증가되었다. 결과를 요약하면, LTi 유사세포는 

성인에서도 존재하며 빈번한 편도염이 있는 경우 증가하였다. 

또한 LTi 유사세포는 naive CD4 T 세포 및 memory CD4 

T 세포가 많아질수록 증가하였다. 이러한 결과를 바탕으로 

추론하면 빈번한 염증으로 인해 증가된 memory CD4 T 세포가 

LTi 유사세포에 자극을 주어 그 양이 증가되며 이때 분비되는 

매개물질들에 의해 초기 선천성 면역이 유도될 수 있다고 

생각되어 선천성 염증을 조절하는 적응 면역 세포들의 역할에 

새로운 단초를 제공한다 하겠다.  
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