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Background
The palatine tonsils, at the top of the digestive and respiratory tracts, are one 

of the lymphatic organs in the Waldeyer’s ring (Figure	1). This lymphoepithelial 
tissue harbors all the immunocompetent cells and molecules which appear to play 
an important role in the first line of immune-defense against various ingested 
or inhaled foreign proteins such as bacteria, viruses, or food antigens. On the 
other hand, tonsillectomy is worldwide one of the most frequently performed 
surgical treatments in children and young adults. Although the criteria for 
tonsillectomy remain a matter of discussion, it is often performed in patients 
with recurrent/chronic tonsillitis or with tonsillar hypertrophy. However, the 
indications for tonsillectomy have been complicated by the controversy over 
the benefits of extracting a chronically infected tissue and the possible adverse 
effects which may be caused by eliminating an important source of local mucosal 
defense in the host 1,2. Recently, a study found a significant increase in weight, 
height, and serum IGF-1 and IGFBP-3 levels of children with sleep disordered 
breathing or recurrent infections six months after adenoidectomy, tonsillectomy 
or adenotonsillectomy3.

Figure	1. Pharyngeal lymphoid tissue of Waldeyer’s ring comprises of the nasopharyngeal tonsil or adenoid 
(NT), the paired tubal tonsils (TT), the paired palatine tonsils (PT) and the lingual tonsil (LT). The figure 
is adapted with permission from the Master thesis of Dr Zhang Peng Chi, Master of Medical Sciences, the 
National University of Singapore.
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Clinically, the indications used for recommending or performing tonsil 
surgery are: 

∙		tonsillitis	that	is	recurrent	or	chronic;
∙		hypertrophy	(hyperplasia).	
There are, however, wide differences of opinion concerning extensity, 

severity and length of various conditions in order to justify surgery. The American 
Academy of Otolaryngology - Head and Neck Surgery proposed tonsillectomy 
be performed to treat chronic or recurrent tonsillitis (i.e., seven episodes in 12 
months, five episodes per year for two years, or three episodes per year for three 
years) when this occurs despite medical therapy, occurs with complications, or 
is associated with persistent pathogenic streptococcal carrier state 4. In addition, 
tonsillectomy has been indicated for many years to treat recurrent acute or 
chronic tonsillitis, resulted in febrile convulsions, peritonsillar abscess, tonsillar 
hypertrophy obstructing respiration or deglutition, diphtheria carriers, and biopsy 
conformation of tissue disease 5. If alterations in the normal immunoglobulin 
function appear in diseased states of the tonsil, and immune exclusion and immune 
regulation are dysfunctional, the tonsil will not serve adequately as a first line of 
defense. As suggested by some studies that the tonsil actually may be harmful to 
the organism, as in the case of autoimmunity associated with focal tonsillitis 1.

However, the controversy exists for the balance between the benefits of 
extracting a chronically- infected tissue and the possible adverse effects which may 
be caused by eliminating an important source of local mucosal defense in the host. 
It has been suggested for the clinician who removes this organ, an understanding 
of the immunological potential of the tonsils is imperative so that a wise decision 
can be made for the maintenance of maximum health of the patient.
Histology	and	putative	immunological	function	of	the	tonsils

The palatine tonsil has a characteristic lymphoid architecture that includes a 
reticular epithelium along the crypts, a follicular region or primary and secondary 
germinal centers that are covered with mantle zones, and extrafollicular regions 
(Figure	 2). It displays a unique architecture similar to that of lymph nodes 
(cell types, development of germinal centers on exposure to antigens) and has 
deep partly branched crypts that increase their surface area enormously and 
trap environmental materials 6,7. The immunocompetent cells that are present in 
these various regions of the tonsil have been well-described by Bernstein et al. 
1. Antigen enters the crypt and is taken up by cells of the reticular epithelium. 
Antigen-presenting cells in this region consist of Langerhans cells, macrophages, 
and microfold (M) cells. These cells then transport antigen to T cells in the 
extrafollicular zone. In addition, antigen presentation to cells in the mantle zone 
may stimulate memory cells with surface IgD and IgM to switch to more mature 
clones of B cells possessing IgA and IgG. Finally, specific dendritic cells in the 
germinal center may be responsible for antigen presentation to B cells in this 
area.
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Figure	 2.	Human palatine tonsil follicle contains a mantle zone and a germinal center. (GC: Germinal 
Center; MZ Mantle Zone; IF Interfollicular Area)

Thymus-derived T cells characteristically occupy the extrafollicular zones, 
but the helper-inducer T cells are also present in the germinal centers 8. B cells are 
primary present in the germinal center and mantle zone, but also may be found in 
the reticular epithelium. The average percentage of T and B cells in the palatine 
tonsils is 42% and 52% respectively. As compared to the peripheral blood, 67% 
of lymphocytes are T cells and 14% are B cells. CD4+Leu8+ cells represent 
suppresser-inducer cells, whereas CD4+Leu8- cells represent helper-inducer cells 
9. The helper-inducer cells represent the majority of cells found in the palatine 
tonsil, whereas the suppresser-inducer T cells are more abundant in the peripheral 
blood.

It has been found that actively Ig-secreting cells, or plasma cells, constitute 
no more than 2% of the total cells in the palatine tonsil and nasopharyngeal ton-
sils 10. IgG appears to be the predominant immunoglobulin. However, the ratio of 
IgG, IgA, and IgM differs among various studies. A study suggested that palatine 
tonsil has characteristics of a mucosal immune system since IgA secretion in the 
palatine tonsils is significantly greater than in the lymph node 11. The tonsils and/
or adenoids have been suggested to be the source of B cells with specific surface 
immunoglobulin directed against an organism that is not present in the middle ear 
or nasal mucosa. Thus, a specific B cell arising from the tonsil or adenoid lym-
phoid tissue may migrate to an adjacent site in the upper respiratory mucosa 1.

The	 pathogenesis	 and	 the	 underlying	mechanisms	 responsible	 for	 the	
development	of	hypertrophic	(hyperplastic)	tonsils	or	chronic	tonsillitis

Our limited understanding of the pathogenesis and the underlying mechanisms 
responsible for the development of hypertrophic (hyperplastic) tonsils and chronic 
tonsillitis is the cause for the uncertainty in our decisions for tonsillectomy. It is 
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known that different morphological and immunological modifications take place 
in the abnormal tonsil, but their roles in pathogenesis of these conditions are 
still uncertain 12. More information on the normal and pathological structure and 
function of this lymphoid tissue is required in order to know under which clinical 
circumstances tonsillectomy can be performed.
1. Follicle areas and numbers in recurrent tonsillitis and tonsillar 
hypertrophy 

To elucidate the etiology of recurrent tonsillitis and tonsillar hypertrophy, 
it is important to determine whether there exists difference in microanatomic 
architecture between these two conditions. Using the point counting method, 
Surjan et. al. estimated germinal center size and concluded that germinal centers 
were enlarged in hypertrophic tonsils compared to those from patients with 
recurrent tonsillitis 13. Gorfien et. al. used image analysis to measure germinal 
center size and found that there is a significant increase in the germinal center area 
in tonsils exhibiting hypertrophy when compared to normal controls 14. However, 
these investigations were confined to the germinal center, rather than investigating 
the changes of the entire follicle area. In the literature, a few studies have looked 
at the size of the germinal center area of secondary follicles. Brandtzaeg et. al. 
(1978) estimated germinal center size using a point counting method in a group of 
normal tonsil biopsy specimens and found that there was a slightly larger germinal 
centers in the individuals aged between two and 25 years old than the older ones 
(30 to 81 years old) 15. However, this difference was not statistically significant. 

By using an image analyze method, we were able to compare the histological 
difference in follicle area and numbers in tonsils between patients with tonsillar 
hypertrophy and recurrent tonsillitis 16. In this study, fresh tonsil tissues were 
obtained from patients with tonsillar hypertrophy (n=16) and recurrent tonsillitis 
(n=15) and were placed in Bouin Liquid for 48 hours. Tissues were embedded in 
paraffin and 60 sections were cut (6µm in thickness) from different parts of the 
tonsil, covering the peripheral and the central parts. Three sections were placed 
on each slide and only one of them was randomly selected for assessment using a 
random number-generating algorithm. 

Each section was examined with an Olympus BX50 microscope under 40× 
magnifications. Images were acquired with a JVC KY-F50 color video camera and 
snapped on a Dell Triniton computer. The area of each follicle and the number 
of follicles in each section were measured by manual selection when using the 
Olympus Micro Image 2.0 software (Figure3). The measurement of follicle areas 
and numbers were performed blindly regarding patient’s clinical category for 
both study groups. All determinants of measurement were previously chosen by 
a random selection process using a random number-generating algorithm. A total 
of 205 follicles were measured for each group. The results showed that the mean 
follicle area in the hypertrophic tonsils (0.23±0.02mm2) was significantly larger 
than that of the tonsillitis group (0.15±0.02mm2) (p<0.01). However, there is no 
significant difference of the mean number of follicles between these two groups. 
Our study results indicate that tonsillar hypertrophy is characterized histologically 
by an enlargement of follicles as compared to chronic tonsillitis, indicating a 
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hyperplastic condition of lymphoid cells in the germinal centers 16. It may also 
explain the difference in etiology and/or immune-defense mechanism underlying 
these two conditions.

Figure	3.	Digitized image of follicles under 40x magnification. Black outline indicates areas measured.

2.	Lymphocytes	subsets
The lymphocyte subsets in tonsils and an immature or activated T-lymphocyte 

population have been studied in chronically-inflamed tonsils. The results showed 
that T lymphocytes purified from the tonsils are CD3+ and are composed of a 
majority of CD4+ lymphocytes 17,18. These data are in an agreement with the 
hypothesis that tonsillar T lymphocytes contain activated T lymphocytes 19. On 
the other hand, tonsillar B-cell differentiation process and its putative role in 
secretory immunity of the respiratory tract are one of the most important functions 
of the tonsils. It has been demonstrated that B lymphocyte and activated-cell with 
positive markers were higher in a hypertrophic tonsil and in children 20. Therefore, 
a study of the population and distribution of both B- and T- lymphocytes in 
tonsils is important to achieve a better understanding of their roles under different 
pathological conditions.

Lopez-Gonzalez et. al. 21 have measured lymphocytes subsets in tonsillar 
cellular suspensions of infectious and obstructive tonsillar pathology by flow 
cytometry. This study demonstrated a significant increase of T cells (CD3+ and 
TCR alpha+ Beta+) in infectious tonsils than tonsillar hypertrophy. From the other 
study, Olofsson et al (1998) found that differences between recurrent tonsillitis 
and idiopathic tonsillar hypertrophy in leukocyte populations were limited to 
the surface epithelium, whereas the cellular composition of interfollicular and 
follicular areas was similar 22. 

In a pilot study, we have investigated quantitatively the T- and B- cell 
population and their subsets from seven patients with tonsillar hypertrophy 
(n=4) or recurrent/chronic infection (n=3) who were scheduled for tonsillectomy. 
Tonsillar tissue obtained during uvulopalatopharyngoplasty (UPPP) from one 
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patients who had no clinical history of tonsillitis was used a control. A panel of 
T- and B-cell subsets, cell proliferation and activation markers (e.g., CD45, CD3, 
CD20, CD14, CD4, CD8, CD25, CD69, CD71, CD38 and surface receptors 
for IgG) have been analyzed by flow cytometry. Our results showed that there 
seems to be no major difference between tonsils with hypertrophy and with 
a recurrent/chronic infection in terms of the expression of these cell surface  
receptors (Table 1). 

Table 1. Result of immunocompentent cells in tonsils of eight patients with acute hypertrophied and chronic 
inflammation (data present in median percentage).

Tonsil hypertophy
N=4

Chronic tonsillitis
N=3

Non-infection/hypertrophy*
N=1

CD45+ 93.9 88.6 91.9

CD14+ 1.4 0.71 1.82

CD3+ 47.6 55.9 57.9

CD4+
CD25+
CD69+
CD71+
CD38+
RO/RA

37.5
4.0
22.5
1.3
29.3
1.85

40.5
3.1
24.3
1.92
31.9
2.59

44.1
2.17
27.9
0.75
18.8
5.18

CD8+
CD25+
CD69+
CD71+
CD38+
RO/RA

9.7
0.22
3.3
0.3
6.2
0.67

13.6
0.25
8.0
0.2
7.4
0.39

8.7
0.07
3.51
0.02
1.7
0.62

CD20+
CD25+
CD69+
CD71+
CD38+
IgG+

56.2
0.7
19.3
18.8
40.2
28

47
1.1
16
12.3
27.2
25.3

50.9
0.09
3.02
3.9
10.9
20.6

*Tonsillar tissue obtained during uvulopalatopharyngoplasty (UPPP) from the patients who have had no 
clinical history of tonsillitis

3.	Cytokine	profiles
The palatine tonsil is a primary site of bacterial and viral induced T-cell and 

B-cell activation, differentiation and isotype switching. Development of specific 
immunity induces a number of complicated molecular and cellular reactions 
such as antigen uptake, processing and presentation, T and B cell interactions, 
generation of antibodies, complement activation, phagocytosis, apoptosis and 
cellular cytotoxicity. All these events are controlled by a complex communication 
between cells in this immune system upon receptor mediated polarized release 
of cytokines. The immune responses as well as inflammatory process require 
multiple cytokine networks. So the determination of cytokine profiles is important 
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to clarify the immune defense mechanism as well as inflammatory process in the 
tonsil.

Until now, there is limited number of studies describing the cytokine profile 
in tonsillitis and tonsil hypertrophy. By using immunohistochemistry and ELISA 
measurements, some studies found that there is a higher amount of IL-2, IL-6, 
IFN-gamma, IL-10 and IL-1beta in chronic tonsillitis than in tonsil hypertrophy, 
but IL-4 appeared to be contradicted amount these reports 23-26. In another study, 
TNF-alpha mRNA was detected by RT-PCR determination but no difference was 
found between chronic tonsillitis and tonsil hypertrophy 27. However, IL-4, IL-5, 
IL-6 and IFN-r mRNA was undetectable in both chronic tonsillitis and tonsil 
hypertrophy. 

We have recently performed a study to investigate the cytokine profile in 
tonsillar tissue of patients with recurrent tonsillitis (n=7) and tonsillar hypertrophy 
(n=6) 28.	By	using	 immunohitochemical	 staining,	 IL-4,	 IL-6	and	 IFN-γ	 showed	
significant higher frequencies of positive cell count in recurrent tonsillitis than 
tonsillar hypertrophy. However, no difference was found between the groups 
for IL-2, IL-8, IL-10 and IL-13. The predominant distribution of cytokine 
synthesizing cells was localized at the extrafollicular area close to the crypts and 
in the reticular epithelium. IL-4 is the major cytokine in tonsils and it expressed in 
nearly all compartments of the tonsillar tissue. In the follicle, IL-4 was expressed 
more in the mantle zone than the germinal center. IFN-gamma presented mainly in 
the extrafollicular area, while IL-2 was found both in the extrafollicular area and 
in some of the germinal centers. IL-8 was found in both groups to the same extent. 
The localization was concentrated at the surface epithelium and reticular crypt 
epithelium. Cells expressing IL-6 and IL-10 were spread over the extrafollicular 
area

In the same study 28 mRNA expression (RT-PCR) of IL-2, IL-4, IL-6, IL-10, 
IL-13,	 IFN-γ	was	 detectable	 in	 all	 cell	 types	 (CD4+,	CD8+	 and	CD19+	 cells)	
in both recurrent tonsillitis and tonsillar hypertrophy groups. IL-8 mRNA was, 
however, not detected in all samples. There is no significant difference in the 
amount of mRNA expression of IL-2, IL-4, IL-6, IL-10, IFN-gamma in CD4+, 
CD8+ and CD19+ cells between recurrent tonsillitis and tonsillar hypertrophy 
(Figure	 4). The amount of IL-13 mRNA expression in tonsillar B cells is 
significantly (p<0.05) higher in recurrent tonsillitis than in tonsillar hypertrophy. 
Furthermore, the amount of IL-13 mRNA expression does not show a significant 
difference between the two groups in term of CD4+ and CD8+ cells. Our study 
demonstrates that human tonsil is an active immunological organ containing a 
wide range of cytokines-producing cells. Following our data, many cytokines 
are detectable in recurrent tonsillitis and tonsillar hypertrophy, and there is 
no distinguishing pattern of Th1 and Th2 cytokine profile between these two 
clinically defined tonsil diseases 28.

Conclusion
Human palatine tonsil is an active immunological organ containing a wide 

variety of cytokines-producing cells. Tonsillar hypertrophy is characterized 
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histologically by an enlargement of follicles as compared to chronic tonsillitis, 
indicating a hyperplastic condition of lymphoid cells in the germinal centers. 
According to our data, there is no distinguishable pattern of Th1 and Th2 cytokine 
profile between these two disorders. This study suggests that recurrent tonsillitis 
and tonsillar hypertrophy involve a complex immunopathological mechanism 
with overlapping participating of both Th1 and Th2 immune responses. However, 
the role and underlying mechanisms of cytokine regulation by T- and B-cells in 
RT and TH remains to be elucidated.

Figure	4. The cytokine mRNA expression in CD4+, CD8+ and CD19+ cells from recurrent tonsillitis and 
tonsillar hypertrophy
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