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Abstract
BACKGROUND: Interleukin-4 (IL-4) is a cytokine of Th2 response and plays a role as a reducer or silencer of Th1 
work. It is more related to allergic processes, with consequent loss of control of the disease (i.e., tuberculosis). 
Interferon gamma (IFN-γ) is a Type II interferon that inhibits Th2 immune response and inducts Th1 immune response 
to inhibit tuberculous and viral replication, and any immunostimulatory and immunomodulatory effects. Dark specks 
(DS) are in the background of eosinophilic granular material seen in aspirations of tuberculous lymphadenitis stained 
with May–Grunwald Giemsa (MGG). A lesion with DS festers and the disease worsens.

AIM: This study determines whether the expression of IL-4 is associated with disease severity and compares 
incidences of expression of IL-4 and IFN-γ in DS lesions.

MATERIALS AND METHODS: This study includes 100 diagnostic cases of tuberculous lymphadenitis, which were 
not successfully treated with common antibiotics, but responded to anti-tuberculous drugs (ex juvantibus diagnosis). 
Out of the 100 cases, 59 cases were with DS and 41 cases were without DS. Out of the 59 cases with DS, 49 cases 
were IL-4 positive (+) and 10 cases IL-4 negative (–). Of the 41 cases without DS, 10 cases were IL-4 (+) and 31 
cases were IL-4 (–). Out of the 59 cases of DS, there were 31 cases with expressions of IL-4 (+) and IFN-γ (–); 
zero case with IL-4 (–) and IFN-γ (+); 18 cases with IL-4 (+) and IFN-γ (+); and 10 cases with IL-4 (–) and IFN-γ (–). 
Antigen expressions were determined using rabbit polyclonal to IL-4 (IL-4, ab9622) and rabbit polyclonal to IFN-γ 
(IFN-γ, ab9657), Abcam. Statistical evaluations were performed using the Chi-square test and Fisher’s exact test. 
Any p < 0.05 was statistically significant.

RESULTS: Expression of IL-4 significantly associated with disease severity, compared to IFN-γ expression (p < 0.05). 
In lesions with DS, IL-4 is more frequently expressed compared with IFN-γ.

CONCLUSION: IL-4 can be a beneficial indicator of the severity of tuberculous lymphadenitis.
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Introduction

We categorize tuberculosis (TB) as a global 
health issue that significantly impacts Indonesia. 
According to the WHO, TB is the leading cause of death 
from a single infectious agent [1]. Lymph nodes are the 
most common location of extrapulmonary TB. We can 
find the incidence of TB lymphadenitis in about 15–20% 
of all TB cases [2].

Classically, cytological diagnosis of TB is 
established through the discovery of epithelioid histiocytes 
cells in the background of lymphocytes, multinucleated 
giant cells of the foreign body type, or Langhans type giant 
cells. They may or may not show necrosis [3]. In some 
tuberculous cases, however, these classic diagnoses are 
not observed; instead, dark specks (DS) are present.

DS, as suggested by their name, are rather 
blackish flecks in the background of eosinophilic 

granular material, as seen through aspiration on the 
biopsy specimen of tuberculous lymphadenitis when 
stained with May–Grunwald Giemsa (MGG). A lesion 
with DS often festers, worsening the disease.

Interleukin-4 (IL-4) is a cytokine of Th2 
response and plays a role as a reducer or silencer 
of Th1 and is more related to allergic processes, 
consequently leading to the loss of control of the 
disease (i.e., TB). Interferon gamma (IFN-γ) is a 
Type II interferon that inhibits both the Th2 immune 
response and further induction of Th1 immune 
response. It inhibits tuberculous and viral replication 
from its immunostimulatory and immunomodulatory 
effects.

This study determines whether the IL-4 
expressions are associated with disease severity and 
compares the incidence of IL-4 expressions and IFN-γ 
in DS lesions.
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Materials and Methods

Sample collection

This cross-sectional study used 100 smears 
of aspirate, obtained using an aspiration biopsy of 
lymph nodes, collected from the Anatomy Pathology 
Diagnostic Center of the Faculty of Medicine, University 
of North Sumatra, Medan, Indonesia. For each case, 
we prepared at least three separate smears of MGG 
stain and IL-4 and IFN-γ immunocytochemistry tests.

Overall, we diagnosed cases with TB. We 
confirmed each diagnosis ex juvantibus, which refers to 
making an inference about disease causation from an 
observed response of the potential disease to treatment. 
These TB cases were treated initially with common 
antibiotics, which were unsuccessful; however, they 
were treated successfully with anti-TB drugs. In this 
case, each diagnosis was made based on a successful 
treatment response to anti-TB drugs.

We based identification of DS on the presence 
of cytological features, using an eosinophilic fine 
granular amorphous mass in the background seen on 
aspirate stained with MGG.

Fine-needle aspiration cytology 
examination

We obtained the smears using fine-needle 
aspiration, performed by a pathologist using a 20–23-G 
needle (30–50 mm), 10 ml of a disposable syringe, and 
pistolet (Comeco Swedia). We stained the specimens 
with the MGG staining procedure.

Immunocytochemistry examination

The cases were stained immunocytochemically 
with rabbit polyclonal to anti-IL-4 (IL-4, ab9622) and rabbit 
polyclonal to anti-IFN-γ (IFN-γ, ab9657), Abcam. After 
washing the slide for a short time in phosphate-buffered 
saline, we incubated the slides with hydrogen peroxide 
for 30 min to inhibit endogenous peroxidase activity. 
After taking the microwave antigen and blocking the 
items with 5% serum horse (NHS) for 15 min, we treated 
the slides with a primary antibody: Rabbit polyclonal to 
anti-IL-4 (IL-4, ab9622) and rabbit polyclonal to anti-
IFN-γ (IFN-γ, ab9657) (Abcam, London, England) at 
1/100 dilution overnight. The slides were then treated 
with Dako Real EnVision. We visualized the antigen with 
diaminobenzidine and anti-staining with hematoxylin.

Evaluation of immunostaining

In each slide, stained materials were 
categorized as either positive or negative. The 
assessment did not measure the intensity of cytokines 
expression.

Research protocol

We divided the cases into two groups: 59 with 
DS and 41 without DS. Out of the 59 cases with DS, 49 
cases were IL-4 positive (+) and 10 cases IL-4 negative 
(–). Out of the 41 cases without DS, 10 cases were 
IL-4 (+) and 31 cases were IL-4. Of the 59 cases with 
DS, there were 31 cases with expressions of IL-4 (+) 
and IFN-γ (–); zero case with IL-4 (–) and IFN-γ (+); 18 
cases with IL-4 (+) and IFN-γ (+); and 10 cases with IL-4 
(–) and IFN-γ (-).

Statistical analysis

We conducted Chi-square and Fisher’s tests to 
determine the relationship between the two variables. 
p < 0.05 was considered to be significant in this study.

Results

The age of patients ranged from 18 to 61, with 
majority aged 21–30 years. The ratio of female to male 
is 1.8: 38 cases (64.4%) identified as female and 21 
cases (35.6%) identified as male.

The lymph node was primarily involved in 
49 cervical cases (83.1%); 7 supraclavicular cases 
(11.9%); 2 submandibular cases (3.4%); and 1 inguinal 
case (1.7%).

Cytology

We observed a characteristic lesion with DS, 
as shown in Figure 1. DS were rather dark-colored stuff 
in the background of eosinophilic granular material 
seen on aspiration biopsy specimen of tuberculous 
lymphadenitis stained with MGG.

Figure  1: Aspirate of the lesion with dark specks (DS), with an 
eosinophilic fine granular amorphous mass in the background (DS) 
(May–Grunwald Giemsa, 400×)
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We observed lesions without DS, as shown in 
Figure 2. Lymphocytes, macrophages, and lymphoblasts.

Figure 2: Aspirate of the lesion without dark specks (May–Grunwald 
Giemsa, 400×)

Comparison between IFN-γ and IL-4 in DS

Positive IL-4 and negative IFN-γ expressions 
were observable on both lesions with DS, as shown in 
Figures 3 and 4, respectively.

Figure  3: Positive interleukin-4 expression in dark speck 
(immunocytochemistry, 400×)

There was a significant difference in the 
expression of IL-4 and IFN-γ cytokines in the lesions 
with DS (p < 0.05) (Tables 1 and 2).
Table 1: IL-4 expression on lesions with DS and without DS
Lesion IL-4 DS (%) Without DS (%) Total (%) p-value*
Positive 49 (49) 10 (10) 59 (59) 0.000
Negative 10 (10%) 31 (31%) 41 (41%)
Total 59 (59) 41 (41) 100 (100)
*Chi-square test: p<0.05, IL-4: Interleukin-4, DS: Dark specks.

Discussion

Blackish spots were visible in the background 
of eosinophilic fine granulated amorphous material, 
which was smear stained with MGG. We called these 
DS  [4],  [5]. These are apparently the same as what 

Pandit et  al. [6] described as eosinophilic structure, 
degenerated granulomas, acellular, and necrotic 
material. Prasoon and Agrawal [7] and Chikkannaiah 
et  al. [8] reported on aspiration biopsies yielding 
necrotic material and showed acid-fast bacilli in 
58.33% and 39% of cases of tuberculous lymph nodes, 
respectively. The study using PCR on 95 cases of 
positive tuberculous cases (with DS) and 99 negative 
cases (without DS) discovered a sensitivity value of 
98.95% and a specificity value of 96.97% [9].

Figure  4: Negative interferon gamma expression in dark speck 
(immunocytochemistry, 400×)

The previous studies have suggested that DS 
are related to TB. These are consistent with several 
additional studies that prove that DS are a signifier of 
TB. Our findings build on the Lubis TB antibody study 
(ab905); the Delyuzar study on PCR; the Balaji study 
treating 135 children with regular antibiotics without 
success; and the Muyanja study on histopathological 
confirmation [4], [5], [9], [10], [11].
Table 2: IL-4 and IFN-gamma expressions on lesions with dark 
specks
IL-4 IFN-γ Positive (%) Negative (%) Total (%) p-value*
Positive 18 (30) 0 (0) 18 (30) 0.024*
Negative 31 (53) 10 (17) 41 (70)
Total 49 (83) 10 (17) 59 (100)
*Fisher’s exact test: p<0.05, IL-4: Interleukin-4, IFN-γ: Interferon gamma.

We know that delayed-type hypersensitivity 
reactions are involved in the TB process. Several 
studies have shown the importance of cytokines as 
indicators of TB activity. Cytokines have pleiotropic and 
regulatory effects and take part in host defense and 
the process of inflammation and tissue repair [12]. In 
addition, several cytokines are known to be involved in 
anti-TB responses, including IFN-γ, TNF-α, IL-6, IL-10, 
and VEGF. Nevertheless, the role of IL-4 is still disputed.

In this study, we reveal the inverse relationship 
between IFN-γ and IL-4 expression in DS. This finding 
is consistent with the immunological theory asserting 
the necessary balance of Th1 and Th2 in chronic 
infectious diseases. IFN-γ will strengthen the phagocyte 
potential of Mycobacterium tuberculosis-infected 
macrophages by stimulating phagolysosome formation 
and stimulating the formation of free radicals that can 
destroy M. tuberculosis components by increasing 
reactive nitrogen intermediate [13].
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IL-4 mediates the humoral immune response 
and provides anti-inflammatory effects by inhibiting the 
production of pro-inflammatory cytokines and changing 
the profile of macrophage expression. Prior research 
on human TB, such as that conducted by Lin et al. 
and Zhang et al., has described a decrease in Th1 
response [14], [15].

Increased IL-4 production through the Th2 
immune response will suppress the work of the 
Th1 response, which ultimately leads to failure in 
bacterial elimination and the development of the bacilli 
intracellularly [16], [17]. In addition, IL-4 will reduce 
IFN-γ production and induce activation of the Th2 
response, resulting in adverse effects in TB patients.

Several studies have reported that 
overexpression of Th2 cytokines increases the 
severity of TB, including the observation that virulent 
M. tuberculosis strains induce Th2 cytokine expression, 
whereas less virulent strains induce Th1 cytokines, 
including IFN-γ and TNF-α [18], [19]. IL-4 can be 
considered as a potential indicator for active TB. This 
is seen especially in TB patients residing in tropical 
regions of the world [20], [21]. Overexpression of IL-4 
induces progressive disease [22] and reactivation of 
latent infection [23] in mice infected with M. tuberculosis. 
Increased IL-4 production has also been detected 
in TB patients, especially those with cavity disease. 
Furthermore, IL-4 expression increases, especially 
in patients with cavernous TB. Findings have shown 
that Th2 type responses increased IL-4 production in 
patients with TB, which can trigger defenses and cause 
tissue necrosis [24].

Our study reveals that IL-4 is widely expressed 
in DS. We suggest that IL-4 expressed in DS can 
aid in diagnosis and help determine the severity of 
TB. Our findings align with an additional study which 
demonstrates that the expression of IL-4 tends to cause 
necrosis as the disease progresses [25].

With the expression of IL-4 (red), the use of 
anti-cytokine drugs may be more effective for treatment, 
especially for TB patients whose cases are resistant to 
anti-tuberculous medications.

Conclusion

IL-4 cytokine is a potential indicator of 
advanced disease progression in TB lymphadenitis and 
is correlated with the presence of DS.
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