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Retrospective Study
Elastic fiber degradation in the development of pediatric granuloma annulare: Report of 39 cases
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Abstract
BACKGROUND
Granuloma annulare (GA) has diverse clinical manifestations, multiple subtypes, and unknown etiology and pathogenesis. Existing studies regarding GA in children are scarce.

AIM
To examine the correlation between clinical manifestation and histopathology of pediatric GA.

METHODS
A total of 39 patients under 18 years of age with both a clinical and pathological diagnosis of GA at Kunming Children's Hospital from 2017 to 2022 were retrieved. Their medical records were consulted, and clinical data of the children were recorded and summarized, including gender, age, disease site, etc. Existing wax blocks of skin lesion specimens of children and pathological films were retrieved for further study and relevant histology, including hematoxylin-eosin, Alcian blue, elastic fiber (Victoria blue-Lichon red method), and antacid staining. Finally, the children’s clinical manifestations, histopathological results, and special staining characteristics were analyzed.

RESULTS
The clinical manifestations of granuloma annulare in children were diverse: 11 cases presented with a single lesion, 25 with multiple lesions, and 3 with generalized lesions. The pathological typing comprised histiocytic infiltration, palisading granuloma, epithelioid nodular, and mixed types in 4, 11, 9, and 15 cases, respectively. Thirty-nine cases were negative for antacid staining. The positive rate of Alcian blue staining was 92.3%, and that of elastic fiber staining was 100%. The degree of elastic fiber dissolution and granuloma annulare histopathological typing were positively correlated (r = 0.432, P < 0.05). No correlation was found between clinical presentation and histopathological typing of the granuloma annulare in children. In the pathological diagnosis of granuloma annulare, the positive elastic fiber staining rate was higher than that of Alcian blue staining. A correlation was found between elastic fiber dissolution degree and histopathological staging. However, the differences in pathological staging may have been related to the pathological manifestation of granuloma annulare at different periods.

CONCLUSION
Elastic fiber degradation may be a critical step in the pathogenesis of pediatric granuloma annulare. This is also one of the first studies focused on granuloma annulare in children.
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Core Tip: This study examined the correlation between clinical manifestation and histopathology of pediatric granuloma annulare. We performed a retrospective analysis of thirty-nine cases of granuloma annulare in children and demonstrated a correlation between histopathological staining and elastic fiber dissolution. Different pathological staging may reflect the pathological manifestation of granuloma annulare at different periods. Our study demonstrates that elastic fiber degradation may be a critical step in the pathogenesis of pediatric granuloma annulare. Moreover, it is one of the first studies on granuloma annulare in children.

INTRODUCTION
Granuloma annulare (GA) manifests primarily as granulomatous inflammation infiltrating the dermis and subcutaneous tissues. Fox first reported GA in 1895, and Crocker officially named GA in 1902. The prevalence of GA is approximately 0.04% according to large cross-sectional studies, with a predilection for patients aged 3–50 years and a male-to-female ratio of approximately 2:1. However, some small single-center studies suggest that GA is common in children[1-3]. GA has diverse clinical manifestations, multiple subtypes, and unknown etiology and pathogenesis. Recent studies have shown that activation of the Th1, Th2, and JAK-STAT pathways is involved in the pathogenesis of GA[4]. In the early stages, the Th1-dominated immune response induces the infiltration of M1 macrophages, which triggers collagen degradation, followed by successive induction of M2 macrophage responses that mediate mucin deposition and tissue regeneration[5]. However, existing studies regarding GA in children are limited. Therefore, in this study, we analyzed and discussed the clinical manifestations and histopathological features of GA in children and investigated the role of elastic fiber degradation and mucin deposition in the pathogenesis of GA in children with elastic fiber and Alcian blue staining.

MATERIALS AND METHODS
Thirty-nine cases of clinically and pathologically confirmed GA in children under 18 years of age from Kunming Children's Hospital between 2017 and 2022 were included. 
Medical records were consulted and clinical data of the children were recorded and summarized, including gender, age, and disease site. Specimen wax blocks and existing pathological staining sheets were also collected for further study and relevant histological staining, including hematoxylin-eosin (HE), Alcian blue, elastic fiber (Victoria blue-Lichon red method), and antacid staining. The results were determined by two pathologists. The Medical Ethics Committee of Kunming Children's Hospital approved this study (No. 2022-03-325-K01).
HE staining was primarily used to analyze the pattern of histocyte infiltration. Referring to the histopathological typing of GA by Friedman-Birnbaum et al[4], GA was classified into these four types: Palisading granuloma, histiocytic infiltrative, epithelioid nodular, and mixed histologic types.
Elastic fiber staining was categorized into four grades according to elastic fibers' dissolution and destruction. Grade I: Disorganized arrangement of elastic fibers in the lesion without obvious disappearance and dissolution (Figure 1A). Grade II: Partial breakage of elastic fibers in the lesion with slight dissolution (Figure 1B). Grade III: Partial dissolution of elastic fibers in the lesion, but the visibility of some discontinuous elastic fibers (Figure 1C). Grade IV: Complete dissolution and disappearance of elastic fibers in the lesion (Figure 1D).
Statistical Package for the Social Sciences (SPSS, v. 20.0) was used to analyze histopathological staging and the degree of elastic fiber dissolution (grades I–IV) using Kendall's tau-b correlation analysis. Statistical significance was set at P < 0.05.

RESULTS
Clinical characteristics
Thirty-nine patients were included, 14 males and 25 females; the age distribution ranged from 2 mo and 13 d to 11 years, with a mean age of onset of 4.2 years. Eleven patients had single lesions, 25 had multiple lesions, and 3 had generalized lesions. The 3 patients with generalized lesions were all infants aged 2–4 mo. The lesions were distributed on the head in 6, face in 2, trunk in 1, extremities in 24, and whole body in 6 cases. Six cases of GA on the head involved subcutaneous nodule-like lesions (single or multiple), and three cases of generalized GA involved papule-like lesions. The lesions were plaques in 20, papules in 4, nodules in 12, and mixed manifestations in 3 cases.

Histopathological characteristics
Among the 39 cases, 4 showed histiocytic infiltration (Figure 2A), 11 showed palisading granuloma (Figure 2B), 9 showed epithelioid nodules (Figure 2C), and 15 showed mixed type findings. Of these 15 mixed-type cases, 2 showed a mixture of palisading and histiocytic infiltration, and 13 showed a mixture of palisading and epithelioid nodules (Table 1).
Antacid staining was negative in all 39 cases. Alcian blue staining was positive in 36 cases (positivity rate: 92.3%) and negative in only 3 cases (all epithelioid nodular types). Elastic fiber staining showed different degrees of dissolution and disappearance of elastic fibers, with a positivity rate of 100% (39/39 cases). The cases were classified into grades I–IV according to the degree of elastic fiber dissolution and destruction (Table 1). There was a single grade I and 3 grade II cases with histiocytic infiltration; 3, 4, and 4 grade II, grade III, and grade IV cases with palisading granuloma; 1, 5, and 9 grade II, grade III, and grade IV cases with mixed type, respectively; and 4 and 5 grade III and five grade IV cases with epithelioid nodules, respectively.
A positive correlation was found between the degree of elastolysis and GA histopathological typing (r = 0.432, P < 0.05).

Prognosis and follow-up
Telephone follow-up was conducted for all 39 children prior to the write-up (2022/10/10). Eleven were lost to follow-up, and 25 had subsided after diagnosis and were now asymptomatic. Only 3 children still had annular papules in the extremities, but no treatment was given because they were asymptomatic.

DISCUSSION
The etiology and pathogenesis of GA are unknown, and the clinical manifestations are diverse and differ between children and adults. This study included 39 cases of GA in children. The male-to-female ratio was approximately 0.56:1, which contradicts data from other studies, possibly due to the inclusion of only children in this study, although this needs to be validated in larger studies on children with GA. Clinical manifestations were more common as single or multiple annular plaques, mostly skin-colored, with a small proportion being red; however, no clear standard was available for the histopathological types of the different clinical manifestations.
Researchers have suggested that interferon produced by Th1 Lymphocytes in GA lesions activates macrophages to produce tumor necrosis factor and matrix metalloproteases (MMPs, including MMP2 and MMP9), triggering matrix degradation. Meanwhile, MMP-12 expression is also increased in tissues, which can lead to the degradation of elastic fibers and basement membrane bands. In ultrastructural studies, the main lesion of GA has been found to involve elastic fiber degeneration, suggesting that the disease is essentially an elastic fiber damage disease [5]. In this study, the positivity rate of elastic fiber staining (100%) was significantly higher than that of Alcian blue staining (92.3%), suggesting that elastic fiber changes are more common in GA.
In this study, we graded the degree of elastic fiber dissolution and disappearance in 39 cases of GA. The number of histiocytes was relatively low in histiocytic infiltrative GA, and the degree of elastolysis was grade I–II in all cases. Therefore, we speculate that this may be the early stage of the disease. The degree of elastolysis in palisading granuloma type GA and mixed type GA was mainly grade II–IV, and the elastolysis in epithelioid nodular GA was predominantly grade III–IV. The correlation between the degree of GA elastolysis and histopathological staging was verified by Kendall's tau-b correlation analysis, and we believe that these four stages are the pathological manifestations of GA at different periods. Additionally, the four pathological stages may be the gradual evolution and derivation of the course of GA. However, due to this study’s limited data and low correlation, more studies are needed to support our findings.
Recent studies have shown that activation of the Th1, Th2, and JAK-STAT pathways is involved in the pathogenesis of GA[6]. In the early stages, the Th1-dominated immune response induces M1 macrophage infiltration, triggers collagen degradation, and subsequently induces an M2 macrophage response that mediates mucin deposition and tissue regeneration[7]. For the 36 cases with positive Alcian blue staining in this study, mucin was usually distributed in the center of a relatively concentrated site of histiocytes. The remaining three cases with negative Alcian blue staining showed epithelioid nodular GA. We speculate that in the later stages of the disease, histiocytes and macrophages phagocytosed the mucin, causing the mucin to lyse and disappear.

CONCLUSION
For the first time, we established that the GA lesions in all 39 cases had different degrees of elastin fiber change. Moreover, the positivity rate of elastic fiber staining was approximately 100%, significantly higher than that of Alcian blue staining. There is a correlation between the degree of elastolysis and histopathological staging; and different pathological staging may be the pathological manifestation of GA at different periods. However, larger samples and prospective studies are needed to validate our results further and confirm whether elastic fiber degradation is critical for the pathogenesis of pediatric GA.

ARTICLE HIGHLIGHTS
Research background
Granuloma annulare (GA) is more common in children than in adults, and has diverse clinical manifestations, multiple subtypes, and unknown etiology and pathogenesis. However its correlation is rarely studied.

Research motivation
The main criteria for the diagnosis of GA is histopathologic biopsy, and the possible pathogenesis of GA is preliminarily discussed by analyzing the pathological characteristics of GA in children.

Research objectives
We analyzed and discussed the clinical manifestations and histopathological features of GA in children and performed elastic fiber staining and Alcian blue staining to initially investigate the role of elastic fiber degradation and mucin deposition in the pathogenesis of GA in children.

Research methods
A total of 39 cases with a pathological diagnosis of GA in Kunming Children’s Hospital between 2017 and 2022 were retrieved, and the clinical manifestations, histopathological, and special staining characteristics of the children were analyzed.

Research results
There is a correlation between the degree of elastolysis and histopathological staging, and different pathological staging may be the pathological manifestation of GA at different periods.

Research conclusions
Elastolysis is the key link of annular granuloma in children.

Research perspectives
Larger samples and prospective studies are needed to further validate our results and to confirm whether elastic fiber degradation is critical for the pathogenesis of pediatric GA.
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Figure Legends
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Figure 1 Elastic fiber staining was categorized into four grades according to the elastic fibers' dissolution degree and destruction. A: Grade I: Disorganized arrangement of elastic fibers in the lesion without significant dissolution (×200); B: Grade II: Partial breakage of elastic fibers in the lesion with mild dissolution (×200); C: Grade III: Partial dissolution of elastic fibers in the lesion, but small, discontinuous elastic fibers are still visible (×200); D: Grade IV: Complete dissolution and disappearance of elastic fibers in the lesion (×200).
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Figure 2 Granuloma annulare was classified into four types: Palisading granuloma, histiocytic infiltrative, epithelioid nodular, and mixed histologic types. A: Histiocytic infiltration type granuloma annulare (GA): Progressive necrosis is mild with incomplete degeneration of collagen fibers (×100, HE); B: Palisading granuloma type GA: progressive necrosis is evident with complete degeneration of collagen fibers in the lesion (×100, HE); C: Epithelioid nodular type GA: histiocytes aggregate to form epithelioid nodules with multinucleated giant cells mixed in the nodules and surrounded by lymphocytes (×100, HE).

Table 1 Clinical and histopathological manifestations
	Clinical and special staining
	Clinical manifestation
	Special staining
	Dissolution degree of elastic fiber

	Pathological type
	Plaque
	Nodule
	Papules
	Mixed
	Alcian blue staining (positive)
	Dissolution and disappearance of elastic fibers
	Acid-fast staining (negative)
	Grade I
	Grade II
	Grade III
	Grade IV

	Histiocytic infiltration type
	4
	0
	0
	0
	4
	4
	4
	1
	3
	0
	0

	Palisading granuloma type
	6
	0
	2
	3
	11
	11
	11
	0
	3
	4
	4

	Mixed type
	8
	7
	0
	0
	15
	15
	15
	0
	1
	5
	9

	Epithelioid nodular type
	2
	5
	2
	0
	6
	9
	9
	0
	0
	4
	5
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