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Abstract 

The interaction between T and B cells is an essential part of B cell 
differentiation. B cells mature in germinal centers via direct contact with 
T cells and follicular dendritic cells. Positive selection allows survival of 
B cells that produce high affinity antibodies. B cell maturation during the 
germinal center reaction forms a high risk environment for the 
development of B cell lymphoma. For morphological and functional 
studies of germinal derived B cell lymphoma, both tonsils and reactive 
lymph nodes have been used as normal counterparts. In this chapter we 
determined if there are any differences between these two normal 
lymphoid organs with a focus on the T cell compartment.  

We applied flow cytometry of single cell suspension of tonsils (n=7) and 
reactive lymph nodes (RLN, n=7) to define the cellular composition by 
checking 44 different subpopulations of cells. The percentage of B cells, 
monocytes, natural killer (NK) cells and different T cell subpopulations, 
such as naïve T cells, cytotoxic T cells, effector T cells, regulatory T cells 
(Tregs), has been determined. In addition, we performed gene expression 
profiling on purified CD4+ and CD8+ T cells with and without activation 
using αCD3/CD28. 

Significantly more CD8+ cytotoxic T cells and NK cells were found in 
RLN compared to tonsil. Tonsil contained more early activated CD69+ T 
cells and T helper (Th) cells as well as more GITR+ Tregs and Th2 cells 
than RLN. RLN consists of more CD152+ Th cells and also more 
CD127low Th and Tregs than tonsil. In addition, we observed more 
CD107a+ NK cells and less CD56+ NK/T cells in tonsil as compared to 
RLN. There were no differences in gene expression between CD4 or 
CD8+ T cells of tonsil and RLN, either without or with activation. 

In conclusion, there are significant differences in the immune cell 
composition of tonsils and RLNs. Thus it is important to carefully select 
the most appropriate control for studies on germinal center derived B cell 
lymphomas. 
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Introduction 

The immune system is essential for human health and lymphoid organs 
play a pivotal role in the establishment of the immune system. The 
lymphoid organs can be clustered into two categories: the primary 
lymphoid organs and the secondary lymphoid organs. The generation of 
precursor and immature immune cells starts in the bone marrow and 
thymus, which are referred to as the primary lymphoid organs. The 
secondary lymphoid organs include mucosa-associated lymphoid tissue 
(MALT), lymph nodes and spleen1. The primary and secondary 
lymphoid organs are involved in the innate and adaptive immune 
response by providing the environment of B and T cells maturation, 
activation and proliferation. 

MALT is derived from mucosal connective tissue of respiratory, 
genitourinary tracts, tonsils and Peyer patches. Tonsils and RLN have a 
similar architecture. Tonsils are buried in the crypts of the oral cavity and 
nasopharynx, namely palatine, lingual and pharyngeal tonsils2. One side 
of the tonsil consists of stratified squamous epithelium cells and the other 
side consists of connective tissues, which results in an irregular shape. 
Tonsils do not have a cortex and afferent lymphatic vessels, but do have 
lymphoid nodules and efferent lymphatic vessels. They are part of the 
first line defense against antigens. Chronic inflammation of tonsils is 
called tonsillitis, which predominantly occurs in children2. 

Lymph nodes are localized along the lymphoid vessels. In total, a human 
body has 400-500 lymph nodes. Different from tonsils, lymph nodes have 
cortex, lymphoid nodules, afferent and efferent lymphatic vessels. They 
are covered by connective tissue, the cortex, which results in a bean-like 
structure with a smooth surface, without crypts2. Distinct from tonsil, 
they are involved in the second line defense, i.e. cell-mediated immune 
response. Inflammation of lymph nodes is called lymphoid hyperplasia3. 

Secondary lymphoid organs are crucial in the maturation of B cells and 
facilitate the introduction of somatic hyper mutations and class switch 
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recombination, two processes essential for B cell maturation. However, 
these processes may lead to accumulation of genomic aberrations and the 
development of germinal center derived B-cell lymphoma.  

To study changes in the immune cell composition that are associated 
with the development of B cell lymphoma, researchers have used both 
RLN and tonsil as normal controls. However, the function and location of 
tonsil and RLN are quite different, which can lead to differences in 
immune cell composition. It is important to evaluate the immune cell 
composition of tonsil and RLN, to establish which of these two normal 
organs is the most appropriate control to study differences associated 
with malignant transformation.  

 

Material and methods 

Tissue samples 

Seven tonsils of healthy donors were collected after regular 
tonsillectomy. Seven RLN were collected of patients with reactive 
nonmalignant disease (follicular hyperplasia). The characteristics of the 
study cohort were summarized in Table 1. Single-cell suspensions were 
made of all samples and cells were cryopreserved in fetal calf serum with 
10% DMSO in liquid nitrogen. 

 

Flow cytometry 

All samples were stained with mixtures of fluorochrome-labelled 
antibodies to identify 42 subpopulations of cells (Table 2). 0.5-1.0×106 
cells were used per test. For intracellular staining fixation and 
permeabilization were performed with the Intracellular Fixation & 
Permeabilization Buffer set following the manufacturer’s instructions 
(Ebioscience, San Diego, CA USA). Raw data were obtained using BD 
FACSCalibur flow cytometer and Calibur software (BD Biosciences, San 
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Jose, CA USA). One tube without any staining and four with a single 
staining were used to optimize the compensation for the fluorochrome 
cocktail staining. WinList software was used to analyze raw flow 
cytometry results. Statistical analysis was performed with IBM SPSS 
Statistics 22. The Mann-Whitney test (p<0.05 was considered as 
significant) was used to compare percentages in unpaired samples. All 
analyses were two-tailed. 

 

Expression profiling of purified T cell subsets 

CD4 and CD8 T cells were isolated from single cell suspensions based on 
positive selection using Dynabeads Isolation Kit (Invitrogen, Carlsbad, 
CA USA) according to the manufacturer’s instructions. The purity of the 
cells after isolation was checked using flow cytometry (BD Biosciences). 
Half of the purified CD4 and CD8 T cells were activated for six hours 
with soluble CD3 (1ng/ml) and CD28 (1µg/ml) antibodies. 

 

RNA extraction 

RNeasy Mini Kit and RNeasy Micro Kit (Qiagen, Carlsbad, CA USA) 
were used to isolate total RNA of the purified CD4 and CD8 T cells 
according to the manufacturer’s protocol. NanoDrop ND-1000 
Spectrophotometer (NanoDrop Technologies, Wilmington, DE USA) was 
used to measure the quantity of RNA. The integrity of the RNA was 
checked on a 1% agarose gel. Only those samples with good quality of 
RNA were used for further experiments. 

 

Gene expression profiling 

A customized microarray has been designed which covers all protein 
coding genes4. The manufacturer’s instructions were followed for 
labeling 25-40ng total RNA (dual-color Low Input Quick Amp Labeling 
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Kit, Cyanine 3 and 5 CTP Dye Packs Agilent Technologies, Santa Clara, 
CA USA). RNA of CD4 purified T cells were labeled with Cyanine 5 and 
RNA of CD8 purified T cells with Cyanine 3. Arrays were scanned with 
the Agilent DNA Microarray Scanner using Agilent Feature Extraction 
software version 10.7.3.1. The data were loaded into GeneSpring GX 12.5 
software (Agilent Technologies) with quantile normalization and without 
baseline transformation. Probes were included if detected in at least 50% 
of the samples. Moderate T-test followed with Benjamin Hochberg 
multiple testing correction was performed to compare tonsil with RLN. 
As a second criterion, probes with at least 2 fold differences were 
selected. Genesis software v1.7.6 (22) (Institute for Genomics and 
Bioinformatics Graz, Graz, Austria) was used to generate heatmaps. 

 

Results 

Flow cytometry 

In order to unravel the differences between the two lymphoid organs, we 
first assessed the percentages of the six main cell components, B cells, T 
cells, Th cells, CTLs, NK cells and macrophages (Fig. 1). No statistical 
significant differences were observed in the percentage of B cells, T cells, 
Th cells and macrophages. Significant differences were found in the 
percentage of CTLs and NK cells. RLN had more CTLs (median 13% vs 
7%, p=0.0145) and NK cells (median 14% vs 4%, p=0.0021). 

 

 

Table 1. The characteristics of the study cohort 

Clinical characteristic Tonsil RLN 

Gender Male (%) Unknown 4 (57%) 
Female (%) Unknwn 3 (43%) 

Age Mean (Range) 15 (1-35) 43 (17-72) 
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Figure 1. Proportion of main populations in tonsil and reactive lymph node 
(RLN). Percentages of B cells (A), T cells (B), T helper cells (C), cytotoxic T cells 
(D), NK cells (E), macrophages (F) in the total cell population. Lines indicate the 
median percentage per group. Mann-Whitney U test was performed to test for 
significant differences. (*: p<0.05; **: p<0.01) 
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Figure 2. Proportion of subpopulations in tonsil and reactive lymph node 
(RLN). Percentages of CD69 positive cells in T cell population (A), CD69 positive 
cells in Th cell population (B), CD69 positive Th cells in T cell population (C), 
CD69 positive cells in CTL population (D), CD69 positive CTLs in T cell 
population(E), CD152 positive cells in Th cell population (F), CD152 positive Th 
cells in T cell population (G), CD127low positive cells in Th cell population (H), 
CD127low positive Th cells  in T cell population (I),  CD127lowTregs in Th cell 
population (J), CD127lowTregs  in T cell population (K), GITR positive Tregs in 
Th cell population (L), GITR positive in T cell population (M), Th2 cells in Th cell 
population (N), Th2 cells  in T cell population (O), CD107a positive cells in NK 
cell population (P), CD56 positive cells in T cell population (Q). Mann-Whitney 
U test was performed to test for significant differences. (*: p<0.05; **: p<0.01) 
We next checked whether the proportion of activated and specific 
subpopulations within the Th and CTLs were different between tonsil 
and RLN. Tonsils contained significantly more early activated CD69+ 
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cells (median 62% vs 38%, p=0.0212, Fig 2A) in the CD3+ T cells. 
Percentage of CD69+ cells in CD4+ cells was also higher in tonsil than in 
RLN (median 66% vs 41%, p=0.0379, Fig. 2B). When examining the 
percentage of CD69+CD4+ in the T cell population (CD3+ cells), there 
were also more CD69+CD4+ cells (median 57% vs 36%, p=0.0379, Fig. 
2C). Besides that, more CD69+CD8+ cells were found in tonsil than in 
RLN (median 64% vs 38%, p=0.0151, Fig. 2D), but no difference was 
found in the frequency of CD69+CD8+ cells in CD3+ cells between tonsil 
and RLN (Fig. 2E). In contrast to the increased percentage of early 
activated Th cells, the percentage of Th cells positive for the suppression 
associated markers CD152 (median 5% vs 28%, p=0.0021, Fig. 2F) and 
CD127low (median 3% vs 11%, p=0.04620, Fig. 2 H) were decreased in 
tonsil. This difference remained significant only for CD152+CD4+ 
(median 4% vs 27%, P=0.0032) in the CD3+cells (Fig. 2G and I).  

Significant differences in tonsil and RLNs were found in CD127low and 
GITR+ Tregs (CD25+CD4+ cells). RLN had more CD127low Tregs 
(median 10% vs 2%, p=0.0047, Fig. 2J) and less GITR+ Tregs (median 60 
vs 83%, p=0.0348, Fig. 2L) than tonsil (Fig.2 J and L). The difference did 
not remain significant in the CD3+ T cell population (Fig. 2K and M). The 
percentage of CD45RB low and CD45RO+ cells in CD4+ cells (Th2) was 
higher in tonsil (median 58% vs 44%; p=0.034, Fig. 2N) than in RLN. A 
significant increase was also observed in the CD3+ T cells (median 48% 
vs 35%; p=0.0178, Fig. 2O). Within the NK cell population, we observed 
significantly more CD107a+ in CD56+ cells in tonsil (median 34% vs 14%; 
p=0.0379, Fig. 2P) than in RLN. The percentage of CD56+ cells in CD3+ 
cells was significantly higher in RLN (median 5.41% vs 2.56%; p=0.0023, 
Fig. 2Q) than in tonsil. 

For the other subpopulations, no significant differences were found 
(Supplementary Table 1.). 

Gene expression profiling 
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In order to examine whether there was any difference in the gene 
expression patterns of Th cells and CTLs of tonsil and RLN, we profiled 
CD4+ and CD8 T+ cells. The median purity of CD4+ cells of tonsils was 
91% (91-92%), and for RLN this was 86% (86-93%). The median purity of 
CD8+ cells for tonsil was 91% (88-94%), and for RLN it was 92% (88-
97%). A total of 22,888 and 20,490 probes was flagged present in at least 
in one of two conditions, not activated and activated CD4+ cells, 
respectively. In CD8+ cells, 16,464 and 16,959 probes were flagged 
presents in at least one out of two conditions, in not-activated and 
activated cells, respectively. There were no significantly differentially 
expressed genes between RLN and tonsil, not even without multiple 
testing corrections in any of the 4 T cell populations.  

 

Discussion 

In this study, we have compared the cellular composition of tonsil and 
RLN, two secondary lymphoid organs commonly used as normal 
controls for B cell lymphoma studies. Despite the common use of one or 
both of these tissue types, there are no studies that systematically 
compared composition of these two lymphoid tissues or the expression 
patterns of Th and CTLs of these two tissue origins. 

Analysis of the main populations revealed less CTLs and NK cells in 
tonsils compared to RLN. In the specific cell populations, tonsils had 
more early activated Th cells and CTLs, Th2 cells, GITR positive Tregs, 
CD107a positive NK cells, and less CD152 positive or CD127low 
expressing suppressor Th cells as well as CD127low Tregs. In the CD3+ T 
cell population, tonsils had more early activated T cells and Th cells, Th2 
cells, and less CD152 positive suppressor Th cells and NKT cells 
compared with RLNs. There were no differences in gene expression 
patterns of Th cells and CTLs isolated from either tonsil or RLN. Also 
upon activation the expression patterns were similar. This might be due 
to the fact that the Th and CTL populations are still a mixed population 
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with respect to subsets and activation status. Comparison of peripheral 
blood naïve Th cells with effector memory Th cells did revealed 
significant differences in gene expression levels, especially in co-
stimulatory molecules and transcription factors5.  Although we did not 
find any significant difference we cannot rule out presence of minor 
differences that we failed to detect due to low numbers of samples or due 
to the mixed nature of the CD4 and CD8 T cell subsets. 

The main differences observed between tonsil and RLNs in our study are 
differences in the activation; or suppressive status of specific T cell 
subsets. In tonsils, more activated T cells and Th2 cells were observed. 
Tonsillectomy is only applied in patients who have recurrent throat 
infections multiple times per year. These recurrent infections are caused 
by the presence of bacteria in the crypts of the tonsil2. This leads to 
increased numbers of activated T cells and decreased numbers of 
suppressor Th cells, CD152+CD4+ cells as well as CD127low CD4+ cells. 
Th2 cells play a vital role in the adaptive immunity, by producing 
cytokines involved in the protection against extracellular microbes and 
clearance from mucosa. Based on cytokine levels it was shown that 
inflammation in tonsils starts with a Th1 response that later on turns to a 
Th2 response6. So, the finding of more Th2 cells in tonsil is most likely 
due to the chronic inflammatory state of the tonsils.  

In addition, there were less CD8 CTLs, more CD69+ Th and CTL cells, 
and more NK cells in tonsils than RLNs, this fits with the enhanced 
percentage of Th2 cells since CD8 cells are usually found more in a Th1 
situation. The lack of CTLs to clear the bacteria plays a role in the 
pathogenesis of the recurrent tonsillitis. 

It is hard to speculate what is more crucial for the overall effectiveness of 
NK cells in tonsil and RLN, either the number or the functionality of NK 
cells. Tonsil have less NK cells but a higher percentage of functional 
active cells (CD107a expression), while RLN have more NK cells but they 
are less active. Therefore, the overall potential of the NK cell 
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functionality might be similar in tonsil and RLN. While there were more 
GITR positive Tregs in tonsil there were less CD127low Tregs. CD127low 
Tregs are the natural occurring Tregs that express the highest levels of 
FoxP3 and have a good suppressive function7. GITR negatively regulates 
the suppressive function of Tregs8. Ongoing inflammation might result in 
exhaustion of CD127low functional Tregs, while presence of GITR 
positive Tregs might provide signals to continue the immune response. 
The lower percentage of GITR+CD25+CD4+ Tregs in RLN compared to 
tonsil in our study is consistent with previous study9. 

The easy access to tonsils is probably the main reason why researchers 
tend to use tonsils as a normal control. Based on the observed differences 
in cell subpopulations and activation status this will influence outcome 
of such studies. Since most lymphomas develop in lymph nodes, our 
recommendation is to use RLN as a normal control for B cell lymphoma 
research. 
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Table 2. Overview of the 44 subsets studied 

 

Leukocyte subpopulation Immunophenotype Company
B cells CD20+ BD
T cells CD3+ Dako

NK cells CD56+ IQ
Macrophages CD68+ R&D

Th cells CD4+ BD
Cytotoxic T cells CD8+ BD

CD69+ in CD3+ IQ/Dako
CD69+ in CD4+ IQ/BD
CD69+ in CD8+ IQ/BD
CD25+ in CD4+ IQ/IQ
CD25+ in CD8+ IQ/BD
FoxP3+ in CD4+ BD/BD
GITR+ in CD4+ R&D/BD

CD127low in CD4+ BD/BD
CD152+ in CD4+ BD/IQ

CD45RA+ in CD4+ Own lab/BD
CD45RBhighCD45RO- in CD4+ Own lab/Own lab/BD
CD45RBhighCD45RO+ in CD4+ Own lab/Own lab/BD

CXCR3+ in CD4+ R&D/IQ
CD45RBlowCD45RO+ in CD4+ Own lab/Own lab/BD

CXCR4+ in CD4+ R&D/IQ
Truly Naïve Th cells CCR7+CD45RA+ in CD4+

Central memory Th cells CCR7+CD45RA- in CD4+
Effector memory Th cells CCR7-CD45RA- in CD4+

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+
FoxP3+CD25+ in CD4+ IQ/BD/BD
GITR+CD25+ in CD4+ IQ/R&D/BD

CD127lowCD25+ in CD4+ IQ/BD/BD
CD152+CD25+ in CD4+ BD/IQ/IQ
Granzyme B+ in CD4+ BD in IQ

TIA-1+ in CD4+ BC in IQ
CXCR5+ICOS+ in CD4+ R&D/BD/BD

CD57+ in CD4+ BD/BD
Tfh regulatory cells CXCR5+ICOS+ in CD4+CD25+ R&D/BD/BD/IQ

Granzyme B+ in CD8+ BD/BD
TIA-1+ in CD8+ BC/BD

CXCR3+ in CD8+ R&D/BD
CXCR4+ in CD8+ R&D/BD
CD16+ in CD56+ R&D/IQ
CD69+ in CD56+ IQ/IQ

CD107a+ in CD56+ BD/IQ
NK T cells CD56+ in CD3+ IQ/BD

CD163+ R&D
CD163+ in CD68+ R&D/R&D

M2 Macrophages

Suppression of Th cells

Activation of T cells

Cytotoxic Th cells

T follicular helper cells

Naïve Th cells

Cytotoxic T cells

NK cells

Th1 cells

Th2 cells

R&D/Own lab/BD

Regulatory T cells
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BD: BD Biosciences; IQ: IQ Products, Groningen, Netherlands; R&D: R&D 
systems, Minneapolis, MN USA; Dako: Dako Products, Glostrup, Denmark; BC: 
Beckman Coulter, Woerden, Netherlands. 
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Supplementary Table S1. Statistical analysis of 44 cell populations 

 

M-W: Mann-Whitney U test; P value with bold numbers indicate 
significant differences. 
 

 
 

 

Tonsil RLN

B cells CD20+ 50 (27-72) 42 (29-60) 0.7005
T cells CD3+ 38 (24-60) 55 (35-65) 0.0835

NK cells CD56+ 4 (1-7) 14 (11-17) 0.0021
Macrophages CD68+ 4 (0-22) 8 (5-11) 0.0717

Th cells CD4+ 28 (20-54) 39 (31-53) 0.3056 0.1244
Cytotoxic T cells CD8+ 7 (4-8) 13 (6-23) 0.0145 0.0291

CD69+ in CD3+ 62 (35-73) 38 (24-50) 0.0212
CD69+ in CD4+ 66 (37-77) 41 (26-57) 0.0379 0.0379
CD69+ in CD8+ 64 (36-72) 38 (21-49) 0.0151 0.464
CD25+ in CD4+ 6 (4-46) 11 (8-31) 0.1404 0.1989
CD25+ in CD8+ 20 (15-45) 18 (6-32) 0.3056 0.7442
FoxP3+ in CD4+ 11 (4-22) 15 (11-22) 0.2212 0.7974
GITR+ in CD4+ 23 (17-52) 28 (20-74) 0.1083 0.6089

CD127low in CD4+ 3 (1-16) 11 (6-20) 0.0462 0.0952
CD152+ in CD4+ 5 (2-16) 28 (20-74) 0.0021 0.0032

CD45RA+ in CD4+ 25 (19-71) 48 (25-79) 0.0956 0.2086
CD45RBhighCD45RO- in CD4+ 13 (10-24) 21 (12-41) 0.1075 0.1576
CD45RBhighCD45RO+ in CD4+ 21 (12-28) 29 (14-35) 0.1231 0.6526

CXCR3+ in CD4+ 26 (16-38) 20 (13-61) 0.8048 0.535
CD45RBlowCD45RO+ in CD4+ 58 (49-60) 44 (27-58) 0.034 0.0178

CXCR4+ in CD4+ 7 (2-24) 10 (7-15) 0.369 0.6077
Truly Naïve Th cells CCR7+CD45RA+ in CD4+ 11 (6-23) 10 (7-150 0.6537 0.4026

Central memory Th cells CCR7+CD45RA- in CD4+ 1 (0-10) 6 (1-6) 0.1681 0.2743
Effector memory Th cells CCR7-CD45RA- in CD4+ 59 (50-69) 51 (19-69) 0.2004 0.0625

Terminal differentiated effector Th cells CCR7-CD45RA+ in CD4+ 24 (6-40) 35 (15-61) 0.1792 0.1792
CD25+FoxP3+ in CD4+ 47 (4-60) 43 (32-68) 0.4382 0.1338
CD25+GITR+ in CD4+ 83 (49-89) 60 (39-83) 0.0348 0.0825

CD25+CD127low in CD4+ 2 (1-7) 10 (5-20) 0.0047 0.6041
CD25+CD152+ in CD4+ 39 (27-56) 57 (20-75) 0.1 0.304
Granzyme B+ in CD4+ 8 (1-17) 12- (6-21) 0.2486 0.5627

TIA-1+ in CD4+ 7 (6-68) 12 (5-19) 0.6073 0.9488
CXCR5+ICOS+ in CD4+ 23 (3-55) 12 (7-30) 0.37 0.3374

CD57+ in CD4+ 17 (12-26) 21 (6-28) 0.9489 0.7009
Tfh regulatory cells CXCR5+ICOS+ in CD4+CD25+ 15 (11-33) 12 (8-17) 0.2208 0.1562

Granzyme B+ in CD8+ 13 (6-23) 13 (6-58) 0.4808 0.2862
TIA-1+ in CD8+ 44(21-54) 37 (19-75) 0.5224 0.5192

CXCR3+ in CD8+ 40 (20-44) 16 (6-51) 0.3706 1
CXCR4+ in CD8+ 10 (7-89) 8 (4-22) 0.3347 0.8981
CD16+ in CD56+ 5 (1-8) 4 (1-12) 0.9486
CD69+ in CD56+ 71 (9-92) 50 (40-74) 0.5631

CD107a+ in CD56+ 34 (16-60) 14 (7-43) 0.0379
NKT cells CD56+ in CD3+ 2.56 (1.47-3.82) 5.41 (3.43-10.4) 0.0023

CD163+ 3 (1-11) 7 (5-9) 0.0811
CD163+ in CD68+ 25 (0-53) 35 (18-43) 0.4557
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Activation of T cells

Suppression of Th cells

Naïve Th cells

Tregs

p value in CD3 
or live gate 

(M-W)
Immunophenotype

 Median (Range) p value in specific 
cell population  

(M-W)
Leukocyte subpopulation


