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Langerhans cell histiocytosis (LCH) is a rare disease characterized by the clonal
accumulation and/or proliferation of specific dendritic cells resembling normal epidermal
Langerhans cells (LCs). Clinical manifestations are variable, depending on the affected
tissues or organs, however, LCH with elevated serum IgG4 has not been reported. Herein,
we reported a 26-year-old Chinese female multi-system LCH (MS-LCH) who first
presented with central diabetes insipidus (CDI), accompanied by panhypopituitarism
and hepatic dysfunction. Diagnostic investigations were strongly suspicious of IgG4-RD
because of elevated serum IgG4 levels during the process. Furtherly, thyroid and lymph
node involvement and biopsy led to the diagnosis of MS-LCH; the strongly positive
staining of CD1a, S100, CD207 (langerin), and Ki67 was found. Moreover, after systemic
treatment with five cycles of chemotherapy, many lesions were greatly improved. Since
both LCH and IgG4-RD are orphan diseases that can affect any organ, the differential
diagnosis is challenging, especially when LCH is associated with unexplained serum IgG4
elevation. In this article, the case of a young woman suffering from MS-LCH that affected
organs including the pituitary, thyroid, lymph node, and liver was summarized, and
relevant literature was reviewed to better equip the diagnosis and treatment in its
early stages.
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INTRODUCTION

The etiology of LCH is unknown and may be a clonal proliferation of LCH cells similar to LCs with
local or extensive infiltration in any organ (1, 2). The disease is heterogeneous, varying from single
bone lesions to a multi-system disease with organ failure and substantial mortality. Thus, the
classification of LCH includes single system LCH (SS-LCH) and MS-LCH (3, 4). LCH can affect any
organ of the body, but those more frequently affected are the bones (70%-80% of cases), skin (30%-
50%), liver, spleen, hematopoietic system, or lungs (30% each) and the endocrine system
involvement including pituitary and thyroid is quite rare (5–8). If the patient has hypothalamic-
pituitary involvement, diabetes insipidus (DI) is the typical manifestation (9). In patients with
central diabetes insipidus and pituitary stalk thickening on imaging studies, LCH should be
n.org July 2022 | Volume 13 | Article 8962271
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considered in the differential diagnosis. We herein report an
unusual case of elevated IgG4 multisystem adult LCH, with
involvement of the pituitary gland, the thyroid gland, lymph
node, and liver to add further information to the diagnosis and
treatment of this challenging disease.
CASE PRESENTATION

A 26-year-old Chinese female first presented with polyuria and
polydipsia in November 2017. At that time, her daily drinking
volume reached almost 5L, which was equivalent to the urine
volume, accompanied by dry skin, fatigue, lethargy, decreased
vision, and about 2kg weight loss. The patient’s impaired liver
function was reflected by elevated alanine aminotransferase (ALT)
(121U/L, normal range 0-40U/L) and aspartate aminotransferase
(AST) levels (74U/L, normal range 0-40U/L). All hormone levels
were within normal ranges, except for elevated prolactin (PRL)
(41.15ng/ml, normal range 3.34-26.72ng/mL). Pituitary Magnetic
Resonance Imaging (MRI) scan exhibited that the posterior
pituitary hyperintensity displayed local enhancement that was
lower than the anterior lobe and the pituitary stalk was thickened
(Figure not shown). There was no family history of central diabetes
insipidus or panhypopituitarism. After diagnosis of DI, the patient
was administered desmopressin (0.2mg/d), and the symptoms went
into remission. The timeline is shown to better follow the case from
symptom onset to final treatment (Supplementary Figure S1).

Then, half a year later, the patient manifested with menstrual
disorders, menstrual volume gradually decreased, accompanied
with severe mood disorders, memory loss, anorexia, fatigue,
difficulty falling asleep, and weight loss (a drop of nearly 8kg).
The urine routine was normal at this time. Subsequently, hormonal
tests revealed that the levels of follicle stimulating hormone (FSH),
luteinizing hormone (LH), estrogen (E2), progesterone (P), and
testosterone (T) were below what is normal for adult women
Frontiers in Endocrinology | www.frontiersin.org 2
(Table 1). In addition, the level of PRL increased to 142.3ng/ml.
After reexamination of the pituitary MRI scan, the results showed
pituitary stalk-hypothalamus nodular thickening, larger than the
front, which lead to the consideration of possible tumorous lesions
or lymphocytic hypophysitis; the pituitary itself became thinner
than the front, and the posterior lobe was not clearly displayed
(Figure not shown). However, it is important to note that the serum
immunoglobulin G4 (IgG4) level was highly elevated, up to 1.7g/L;
the cutoff value is >1.35g/L. Meanwhile, the ratio of IgG4 to IgG
increased to 15.60%. The diagnosis led to lymphocytic hypophysitis.
Without biopsy, the patient only received hormone replacement
therapy including glucocorticoid, proglucone, estradiol,
progesterone, thyroxine, and desmopressin. The patient’s
symptoms were relieved.

Because the patient stopped glucocorticoid and thyroxine for
more than half a year, and estradiol was also stopped 1 month
prior to her admission to the hospital the patient readmitted to
hospital in June 2019. Two months before admission, the patient
experienced fatigue, poor appetite, lethargy, accompanied by
polyuria and polydipsia. Physical examination revealed that
several enlarged lymph nodes were palpable in the neck and
the thyroid gland was II° enlarged. Blood routine showed
increased neutrophils (6.95×10^9/L, normal range 1.80×10^9-
6.30×10^9/L) and platelets (412.0×10^9/L, normal range
100×10^9-300×10^9/L). Erythrocyte Sedimentation Rate (ESR)
raised up to 86mm/H (normal range 0-20mm/H) and
hypersensitive C-reactive protein (hs-CRP) also increased to
69.9mg/L (normal range 0-8mg/L). Liver function abnormality
was shown by increased AST levels 69U/L, g-glutamyl
transpeptidase 168U/L (normal range, 6-42U/L), alkaline
phosphatase (ALP) 286U/L (normal range, 35-105U/L), and
direct bilirubin (DBIL) 13.2umol/L (normal range 0-6.8umol/
L). Meanwhile, APTT, PT, FIB, and TT were all elevated, which
reflected a clotting disorder. The level of IgG4 still increased to
4.280g/L. However, hormone levels were back to normal.
TABLE 1 | Hormone profiles of the patient.

Parameter June 2018 Nov. 2019 Reference range

FSH 1.14 1.37 F:3.5-12.5; O:4.7-21.5;
L:1.7-7.7; M:25.8-134.8IU/L

LH <0.20 <0.20 F:2.4-12.6; O:14.0-95.6;
L:1.0-11.4; M:7.7-58.5IU/L

Estradiol <5 29 F:12.5-166; O:85.8-498;
L:43.8-211; M: <5.0-54.7pg/mL

Progesterone <0.05 0.82 F:0.2-1.5; O:0.8-3.8;
L:1.7-27; M:0.1-0.8ng/mL

Testosterone <0.025 0.24 0.1-0.75ng/mL
Prolactin 142.3 52.07 4.79-28.3ng/mL
SHBG 103.2 34.5 26.1-100nmol/L
ACTH(8AM) 1.74 0.53 1.1-11.0pmol/L
Cortisol(8AM) 33.80 34.53 42-248ug/L
Cortisol(4PM) 33.12 33.07 29-173ug/L
Cortisol(12MN) 16.40 32.47 0-67ug/L
TSH 0.349 0.604 0.27–4.2uIU/mL
fT3 3.02 2.66 2.0–4.4pg/mL
fT4 10.98 13.28 9.32–17.09pg/mL
July 202
FSH, Follicle-Stimulating Hormone; LH, Luteinizing Hormone; SHBG, sex hormone-binding globulin; F, follicular phase; O, ovulatory phase; L, luteal phase; M, menopause; ACTH,
adrenocorticotropin; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine.
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Subsequently, color doppler ultrasound of the thyroid and
lymph nodes revealed a diffuse heterogeneous thyroid
enlargement with slightly rich blood flow and multiple enlarged
lymph nodes on both sides of the neck. To further clarify the
goiter, the patient underwent a thyroid and lymph node biopsy.
The results suggested an epithelial neoplasm, with heavy
eosinophilic infi l tration (Figures 1A–C) , for which
immunohistochemistry showed that the Langerhans cells
expressed CD207 (langerin) (Figure 1D), S-100 (Figure 1E),
CD1a (Figure 1F), and Ki67 (Figure 1G), but were negative for
IgG4 (Figure 1H) and IgG (Figure 1I). MRI of the pituitary
suggested nodular thickening and enhancement of the
hypothalamus (Figure 2A). Under the supervision of a specialist
in hematology, tumor metabolic imaging (PET/CT) was
performed, and the results were as follows: 1. Nodular
thickening of hypothalamus and increased metabolism
(Figure 2B); 2. The volume of bilobed thyroid increased and
metabolism increased (Figure 2C); 3. Multiple lymph nodes
increased (bilateral neck, mediastinum paratracheal, hilar region,
portal space, retroperitoneum, bilateral iliac vascular), increased
metabolism (Figure 2D); 4. Multiple slightly low density shadows
in the liver, increased uneven metabolism (Figure 2E); 5. Bilateral
tonsil metabolism increased, and bone marrow metabolism
uneven slightly increased (Figure 2F).
Frontiers in Endocrinology | www.frontiersin.org 3
Finally, the clinical picture and the biopsy findings were consistent
with a diagnosis of MS-LCHwith pituitary, thyroid, lymph node, and
liver involvement. The patient was then given DVP chemotherapy
(vinblastine 4mg day1, cyclophosphamide 600mg day1, prednisone
10mg days1-5). In addition, hormone replacement therapy and
antidepressant therapy were continued. After three cycles, favorable
evolution was noted, with a good tolerance of treatment and a clear
relief of results of PET/CT examination. Comparison with previous
PET/CT (Figures 2B–F): 1. Hypothalamic nodule was thickened, and
slightly larger than before; the metabolism of hypothalamus was
higher (Figure 3A); 2. The volume and metabolism of thyroid gland
decreased (Figure 3B); 3. The range of primary lesions (neck,
mediastinum, and abdominal lymph nodes) was significantly
reduced, and the metabolism was significantly reduced/subsided
(Figure 3C); 4. Metabolism of the multiple foci in the liver
subsided (Figure 3D); 5. The metabolism of bilateral tonsils and
bone marrow was increased, which was similar to the previous
(Figure 3C). Given this, we upped the dose of DVP (vinblastine
4mg day1, cyclophosphamide 1000mg day1, prednisone 10mg days
(1-5) in the fourth chemotherapy cycle.

After the fourth chemotherapy cycle, the symptoms of polyuria,
polydipsia, and menstrual disorders were improved. The patient
had a positive attitude to the treatment she received, but became
anxious for the long diagnosis and treatment process at times.
FIGURE 1 | (A) Photomicrograps of a low power image showing an inflammatory in filtrate composed of Langerhans cells lymphocytes (Hex 4). (B) The clusters of
Langerhans cells are accompanied by lymphocytes and an occasional eosinophil (HE x10). (C) The nuclear morphology exhibited by the Langerhan cells, which have
relatively uniform was positive to Langerin (D), S-100 protein (E) and to CD1a (F), and Ki–67 (G) antigen markers (x 20). Immunostains for IgH (H) and IgG4 (I) show
an IgG4/IgG ratio <40 %, some immune cells were positive and stained, but no positive cells were found in the Langerhans (x 10).
July 2022 | Volume 13 | Article 896227
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DISCUSSION
LCH is caused by the clonal proliferation of myeloid precursor cells,
whichdifferentiate intoCD1a+/CD207+ cells in the lesions, resulting in
a series of organ involvement and dysfunction (10). Its overall
Frontiers in Endocrinology | www.frontiersin.org 4
incidence is reported to be one to two in a million, and it is rarer in
adults (9). However, various degrees of systemic organ involvement
canoccur inall ages.ThediseasewasfirstdescribedbyPaulLangerhans
in1868 (11). Itwas initially thought that thepathogenesisof thisdisease
FIGURE 2 | (A) Magnetic resonance image of pituitary gland showd the nodular thickening and enhancement of the hyphothalamus, and the pituitary itself became
thinner. PET-CT showed the metabolism of hypothalamus was higher (B); the volume of bilobe thyroid and metabolism increased (C); multiple lymph nodes icreased
and metabolism increased, bone marrow metabolism slightly increased (D); multiple slightly low density shadows in the liver (E); bilateral tonsil metabolism increased
(F) before chemotherapy.
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was the reactive clonal proliferationof Langerhans cells (LCS), butnow
more and more scholars believe that it is an inflammatory myeloid
tumor (10, 12, 13). Adult LCH is also considered likely to represent the
manifestation of an aberrant immune response to an unspecified
antigenic stimulus rather than a manifestation of tumor
proliferation. The growing understanding of the pathogenesis of the
disease has opened a new chapter for targeted therapies.

The clinical manifestations of LCH are diverse; almost all tissues
may be involved with or without associated dysfunction (14–16).
Therefore, a full systematic evaluation with PET-CT is usually
required when this diagnosis is suspected. As reported in this case,
diabetes insipidus is usually one of the earliest manifestations of the
disease, indicating a predisposition to hypothalamic/pituitary axis
involvement (9, 17, 18). A multicenter study showed that diabetes
insipidus occurred in 24% of patients and was the most common
permanent consequence of LCH (19). Further PET examination
revealed that in addition to pituitary involvement, there were many
other organs affected, including the thyroid, multiple lymph nodes,
lungs, liver, and bone marrow throughout the body, which indicated
multiple endocrine organs were involved in this systemic disease.
Frontiers in Endocrinology | www.frontiersin.org 5
Up to 40% of patients with LCH experience pulmonary
manifestations with nodular or reticular pattern observed on chest
radiograph as typical lesions. Thus, chest CT can be pivotal for the
diagnosis. The formation of early-stage granulomas in the lung is easy
to observe. However, nodule formation in other organs, especially
solid organs, can be difficult to detect on imaging, despite the similar
nature of the lesions (20). Owing to the rarity of LCH in adults,
coupled with its nonspecific and diverse clinical presentation, it often
leads to missed and delayed diagnosis (3, 21). Since pituitary imaging
examination suggested nodular thickening of pituitary stalk to
hypothalamus, this patient was initially misdiagnosed as
lymphocytic hypophysitis and central diabetes insipidus.

Interestingly, we found an unexplained increase in serum IgG4
levels. Therefore, when the patient was readmitted, we considered
the diagnosis as IgG4-related disease (IgG4-RD), which is also a
multisystem disease. At this point, the differential diagnosis of the
disease is particularly important. Both LCH and IgG4-RD can be
characterized by multisystemic involvement and an extremely
variable clinical course, which usually progresses over months to
years, with lesions often appearing metachronously. IgG4-RD is an
FIGURE 3 | PET-CT showed hyphothalamic nodule was thickened and the metabolism of hypothalamus was higher (A); the volume and metabolism of thyroid
gland decreased (B); the range of primary lesions and the metabolism was significantly reduced, the metabolism of bilateral tonsils and bone marrow was similar to
the previoud (C); metabolism of the multiple foci in the liver subsided (D) after chemotherapy.
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immune-mediated fibro-inflammatory disease, which can also affect
multiple organs, and patients often present with subacute mass
formation in the affected organs (e.g., orbital pseudo tumor, renal
mass similar to renal cell carcinoma, nodular lesion of lung) or
diffuse enlargement of the organs (e.g., pancreas) (22). In 60%-90%
of patients with IgG4-RD, multiple organs are involved, and
different diseases are named according to different organs
involved, such as type 1 (IgG4-related) autoimmune pancreatitis
(AIP), Riedel thyroiditis (IgG4-related thyroid disease), IgG4-
related pituitaritis, etc. (23–26). The hallmark histologic
characteristics of IgG4-RD is dense lymphoplasmacytic infiltration
dominated by IgG4+ plasma cells in the affected tissue, often
accompanied by a certain degree of fibrosis, phlebitis obliterans,
and eosinophilic granulocytosis (27). Diagnosis of IgG4-RD
depends on histopathological biopsy (28). In this case, many
manifestations can be misled to a diagnosis of IgG4-related
pituitaritis and thyroiditis, like higher serum IgG4 with thyroid
and lymph node enlargement, combined with MRI showing
enlargement of the pituitary gland and the pituitary stalk. Only
after the thyroid and cervical lymph node biopsy and the
pathological results showing Langerhans cells, local cell
hyperplasia, and immunohistochemical display CD1a, CD207,
according to positive, no IgG4+ plasma cells of dense lymphatic
plasma cell infiltration, can the diagnosis of LCH be proven. To
further complicate the issue, it should be emphasized that high levels
of IgG4 in the serum could not be sufficient for diagnosing an IgG4-
RD since an elevation of IgG4 may occur in patients harboring
pathologic conditions other than IgG4-RD (29). Since no similar
cases have been reported before, the reason why serum IgG4
concentrations were elevated in this case remains unknown.
Maybe this case is a manifestation of an aberrant immune
response to an unspecified antigenic stimulus, which participated
in the formation of IgG4.

Currently, treatment for LCHusually includes immunosuppressive
regimen, chemotherapy, or radiotherapy. However, treatment for
adult patients has not been standardized (3). Chemotherapies based
on vinblastine and steroids are often the first line of choice. Compared
with the toxic effects of traditional chemotherapy drugs, indomethacin
with lower side effects is gradually becoming a new first-line treatment
drug (30–32).

Our study has some limitations. Firstly, we did not detect the
BRAF V600E mutation in this patient. Studies have reported that a
mutation in BRAFV600Ewas found in 38%-64% of LCH cases, and
it has been proven that this mutation is associated with adverse
pathological conditions and high risks (33–35). Secondly, as of the
writing of the article, after chemotherapy, we found that the
patient’s hypothalamus still had high metabolism, and the final
clinical outcome of the patient has not been observed.

Given the knowledge acquired from this case report, though the
morbidity of MS-LCH is very low, we should keep it in mind
constantly in clinical practice, especially in cases with diabetes
insipidus as one of the earliest manifestations. In face of a similar
patient in the future, MS-LCH should be considered as a differential
diagnosis. Diagnostic imaging (routine radiography, CT, and MRI)
plays important roles in the diagnosis, monitoring, and evaluation
of treatment outcomes for patients with this disease. Biopsy of an
Frontiers in Endocrinology | www.frontiersin.org 6
involved organ without delay is needed to make an earlier definite
diagnosis and to use treatment to prevent MS-LCH in time.

In conclusion, adult LCH is a relatively rare disease, its
pathogenesis is not yet clear, clinical manifestations are diverse, and
missed diagnosis and misdiagnosis are common. This is the first
report of an adult female patient with central diabetes insipidus as the
initial symptom, accompanied by elevated serum IgG4, who was
eventually diagnosed with LCH by thyroid and lymph node biopsy.
To point out clinical significance, reliance upon serum IgG4
concentrations to diagnose IgG4-RD is less rigorous. Multiple non-
IgG4-RD conditions can result in elevated serum IgG4
concentrations. Careful clinical examination and basic laboratory
investigations may provide a comparatively accurate cause.
However, the gold standard for diagnosis in most cases remains
biopsy of an involved organ and close clinicopathologic correlation of
the findings. This case report highlights the clinical, laboratory, and
imaging signs inmulti-system LCH that should be highlighted to help
doctors recognize, diagnose, and treat similar cases more quickly.
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