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Abstract
Background: To investigate the magnetic resonance imaging (MRI) features of orbital Langerhans cell
histiocytosis (LCH) to improve diagnostic accuracy. Methods: We retrospectively reviewed clinical
manifestations and MRI �ndings of 23 patients with histopathology-con�rmed LCH of the orbit. The
�ndings were evaluated for the following: (a) symptoms, (b) disease duration (c) location, (d)
con�guration, (e) margin, (f) MR imaging signal intensity and enhanced performance. Results: Eighteen
patients (78%) in our series were male, only �ve (22%) patients were female, and the mean age at
presentation was 6.3 years. The common symptoms include swollen eyelids, exophthalmos, and a
palpable mass. Fourteen patients presented with swollen eyelids and/or exophthalmos. Twenty-two
cases involved unilateral orbits, and one case involved bilateral orbits. In our study, there was one patient
with cough and expectoration, and one patient with polydipsia and polyuria. Lesions were located in the
superior or superlateral orbital roof of seventeen patients (74%). Lesions formed masses or irregular
shapes. The 12 out of 23 (52.2%)cases appeared heterogeneous isointense and 10 out of 23 (43.5%)
cases showed iso-hypointense on T1-weighted imaging, there were 15 out of 23 (65.2%) cases showed
hyper-hypointense mixed signals on T2-weighted imaging. 7 cases found patchy hyperintense signal on
T1WI, and 11 cases showed markedly hyperintense signal near the edge of lesions on T2WI. After
enhancement, 21 out of 23 (91.3%) cases lesions presented marked enhancement at the edges and the
surrounding tissues, and with heterogeneous obvious enhancement of the lesion center. Besides, four
cases lesions were surrounded by a low circular signal. Conclusion: There were several characteristics
MRI features that can provide crucial information for clinicians and improve our understanding and the
diagnostic accuracy of the orbital LCH.

Background
Langerhans cell histiocytosis (LCH) is a rare disease of the dendritic cell system that may occur at any
age, with a peak incidence between 5 and 10 years, so it has a high incidence in children, and it often
involves the orbit [1,2,3]. Its histopathologic landmark is a granulomatous in�ltrate of histiocytes of
Langerhans cell phenotype (CD1a+), interspersed with varying proportions of macrophages, T-
lymphocytes, eosinophils and multinucleated giant cells. The pathogenesis of LCH had not been fully
clari�ed. The demonstration that lesional Langerhans cell are clonal, LCH is regarded as a reactive clonal
disease of the monocyte-macrophage system and may affect almost any organ. Clinical presentation
and course of LCH are widely heterogeneous and may rang from self-healing isolated skin or bone
lesion(s), to disseminated disease with potentially lethal tissue damage [4], so it is recognized as a
spectrum of diseases [5.6].

In rare instances, the affection of the orbit is the only and the �rst symptom. Orbital LCH is a rare clinical
entity and presents a diagnostic dilemma because of its radiological features. Diagnosis of LCH is
challenging as it may simulate periorbital hematoma, rhabdomyosarcoma, and neuroblastoma
malignant lacrimal gland tumor, orbital cysticercosis, and orbital tuberculosis [7]. In addition, there was
currently little evidence that unifocal orbital disease increases the risk for CNS-LCH and CNS-LCH would
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affected the quality of patient’s life obviously[8]. Therefore, a detailed  research is required to �nd the
radiological features to improve the diagnosis of the orbital LCH.

In the previous literature, there were some reports about the magnetic resonance imaging (MRI) feature of
CNS LCH, or LCH in the pelvis and extremities those extraorbital lesions [4, 9.10]. As for the orbital LCH,
literatures mostly reported on the treatment, and only described several imaging manifestations simply.
And that, most of them were in the form of case reports, or the number of cases was less than ten [11,12].
To the best of our knowledge, we didn’t �nd the studies mainly about the MRI performance of orbital LCH.

Herein, we analyzed the clinical features and MRI characteristic manifestations of 23 patients with orbital
LCH in detail. Our aim is to �nd the characteristic features in MRI, and improve our understanding of the
disease and the diagnostic accuracy.
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Abstract
Background: Fungal Keratitis (FK) is an infective keratopathy with extremely high blindness rate. The
damaging effect of this disease is not only the destruction of corneal tissue during fungal infection, but
also the cornea scar formed during the healing period after infection control  which can also seriously
affect a patient’s vision. The purpose of the study was to observe the effect of umbilical cord
mesenchymal stem cells (uMSCs) on corneal scar formation in FK.

Methods: The FK mouse model was made according to a previously reported method. Natamycin eye
drops were used for antifungal treatment 24 hours after modeling. There are four groups involved in the
study, including control group, FK group, vehicleinj FK group and uMSCsinj FK group. Mice in uMSCsinj FK
group received repeated subconjunctival injections of uMSCs for 3 times at the 1d, 4d and 7d after FK
modeling. At 14d, 21d and 28d after trauma, clinical observation, histological examination, second
harmonic generation and molecular assays were performed.

Results: The uMSCs topical administration reduced corneal scar formation area and corneal opacity,
accompanying with decreased corneal thickness and in�ammatory cell in�ltration, following down-
regulated �brotic-related factors α-SMA, TGFβ1, CTGF, and COL  and �nally inhibited phosphorylation of
TGFβ1/Smad2 signaling pathway during FK corneal �brosis.

Conclusion: The results con�rmed that uMSCs can improve corneal opacity during the scar formation
stage of FK, and exert anti-in�ammatory and anti-�brotic effects.

Keywords: Fungal keratitis, corneal scar formation, umbilical cord mesenchymal stem cells

Background
Fungal Keratitis (FK) is an infective keratopathy with extremely high blindness rate. The damaging effect
of this disease is not only the destruction of corneal tissue by fungus, but also the cornea scar formation
during the healing period after infection control, which can also seriously affect the patient’s vision [1].
Previous studies have focused on the killing and elimination of fungi, while less attention has been paid
to the formation of corneal scars after infection control. Corneal transplantation is an effective means to
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treat corneal scars, but the source of corneal donors in China is limited, problems such as immune
rejection is di�cult to resolve, and there are still a large number of patients unable to get treated.

Umbilical cord mesenchymal stem cells (uMSCs) are derived from the newborn umbilical cord tissue
Wharton’s jelly, which exhibit multipotential differentiation potential, low immunogenicity and
immunomodulatory effects [2]. The study of uMSCs in ocular surface mostly focuses on corneal
epithelial damage [3], corneal transplantation [4], dry eye [5], etc. However, few studies focus on the
effects of uMSCs on corneal �brosis.. We conducted this research to explore potential mechanism and
optimized utilization of uMSCs therapy in the �eld of corneal �brosis induced by infectious eye disease.

Methods

Animals
240 male C57BL/6J male wild-type mice, aged 8–12 weeks, weighing 18–25 g, were purchased from
Nanjing University-Nanjing Institute of Biomedical Research (Nanjing, China). The mice were housed in an
SPF-class animal laboratory with room temperature 20–25 °C, suitable humidity, automatic feeding
water, and day and night natural light. Mice were anesthetized by intraperitoneal injection with 1% sodium
pentobarbital, and sacri�ced by cervical dislocation. The feeding and disposal of experimental animals in
this study was in accordance with ARVO’s statement on the use of animals in ophthalmology and visual
science research and was approved by the Medical Ethics Committee of the Henan Provincial Eye
Hospital.

Primary culture and identi�cation of uMSCs
The umbilical cords were taken from a healthy fetus delivered by a maternity cesarean section of the
obstetrics department of Henan Provincial People’s Hospital. It was treated within 1 hour after aseptic
collection. Infectious diseases such as hepatitis B, hepatitis C, syphilis, AIDS, cytomegalovirus and
Epstein-Barr virus are excluded by serological testing before maternal surgery. Written informed consent
was obtained from the donors. Fresh umibilical cords were washed with 0.01M pH7.2 7.4 phosphate
buffer saline (PBS) supplemented with antibiotics (100 U/ml of streptomycin, 100 U/ml of penicillin)
twice to remove blood.. After treated with 70 ethanol, umbilical cords were then minced into small pieces
and incubated with DMEM/F12 medium (1:1) (Hyclone Laboratories; Thermo Fisher Scienti�c Life
Sciences, USA) supplemented with 10 fetal bovine serum(FBS; Hyclone Laboratories) in dishes at 37℃,
5 CO2 supplement. Cells were trypsinized and collected for subculture when they reached 80  con�uence.
Only uMSCs in passages 2–5 were used in our study. Cultured cells were �uorescence marked with
speci�c mensenchymal stem cell surface antigen CD29, CD44, CD34 and CD45 (BD biosciences, New
Jersey, US) and identi�ed by �ow cytometry.
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FK model preparation
Mice were anesthetized by intraperitoneal injection with 1% sodium pentobarbital. The right eye of each
mouse was selected as the experimental eye. The preparation of the model refers to the article published
by our research group [6]. Under the operating microscope (Topcon OMS–90, Japanese), a cross scratch
in the center of the cornea was made by using a sterile blade (carbon steel, size 11, Shanghai Medical
Suture Needle Factory Co., Ltd., China). The scratch depth was to exceed Bowman’s membrane and stop
at the corneal stroma super�cial layers. A sterile bamboo stick tip (tip diameter 0.30mm, length 1.10mm)
was used to pick up a small amount of hyphae, and then apply evenly to the scratches. 24h after injury,
antifungal drug natamycin eye drops were used topically to FK mice eyes 6 times per day for 7 days to
inhibit fungi growth. The experimental fungus standard strain Fusarium oxysporum (No. 3.791) was
purchased from the General Microbiology Center of the China Microbial Culture Collection Management
Committee, Institute of Microbiology, Chinese Academy of Sciences, Beijing. After 24 hours of modeling,
observation under the slit-lamp microscope showed that the corneal fungal infection and a small amount
of empyema in the anterior chamber formed were successfully modeled. Cases of uninfected were
removed, and the number of deletions was substituted by subsequent experiments.

Experimental grouping
The mice were randomly divided into four groups, including control group, FK group, vehicleinj FK group
and uMSCsinj FK group. Control group referred to unwounded ones, whereas FK group referred to
wounded ones without any injection but antifungal drug therapy, meanwhile vehicleinj FK group referred
to wounded ones with PBS subconjunctival injection and antifungal drug therapy, �nally uMSCsinj FK
group referred to wounded ones with uMSCs subconjunctival injection and antifungal drug therapy.

Topical administration of uMSCs
Mice in the uMSCsinj FK group were anesthetized by intraperitoneal injection of pentobarbital sodium.
Under the operating microscope, the Hamilton micro-syringe (Hamilton, Switzerland) with a 30G needle
on it was used to carefully insert into the conjunctiva sac and slowly injected 5×104 uMSCs in 5μl PBS.
The operation was performed for 3 times at the 1d, 4d and 7d after modeling. Others in vehicleinj FK
group received a subconjunctive injection of 5μl PBS at the same time points using the same method.
However, control group and FK group received no injection at all.

Observation and examination
The mice were observed under a slit lamp microscope every other day, and the ocular surface
photographs were taken and corneal opacity scores were graded at 14d, 21d, and 28d after modeling.
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The score was performed by another investigator blinded to the group to minimize the bias. The scoring
criteria are as follows: grade 1 (mild corneal haze, pupil iris clearly visible), grade 2 (super�cial corneal
opacity, visible pupil and iris through the lesion), grade 3 (uneven full-thickness corneal opacity), grade 4
(homogeneous and dense opacity).The area of corneal leukoplakia (mm2) was calculated by using the
EyeStudio software.

Pathlogical examination and hematoxylin-eosin (HE)
staining
For the purpose of histological analysis, mice were sacri�ced by cervical dislocation and eyeballs were
dissected at 14d, 21d and 28d after modeling. After a �xation in 4  paraformaldehyde for 24 hours, the
tissues were dehydrated, dipped in wax, embedded, and sliced in sequence. The slices were under a
routine operation of dewaxing and then HE staining was used for pathological examination. Photos were
taken by Nikon 80i light microscope (Nikon, Sendai, Japan) and analyzed in terms of corneal thickness.

Whole mount corneal immuno�uoresence staining

The mice were sacri�ced by cervical dislocation at 14d post-injury. The intact eyeballs were removed and
then �xed in 4 paraformaldehyde for 90min at 4℃. Trim the eyeball, retain the cornea and limbus, and
remove the iris, ciliary body and other tissues. Corneas were washed with 0.01 M PBS for 5 times (3 min
each), and then dipped in 0.2 Triton–2 BSA 1:100 diluted anti-alpha smooth muscle actin antibody
(ab5694, Abcam, Cambridge, US) overnight at 4℃. After conjugated with 1:500 diluted �uorescence-
conjugated secondary antibody Alexa488 (A10042, eBioscience, US) in PBS overnight at 4℃, the corneas
were then �atmounted with four radial cut, and sealed with mounting medium. Images were captured by
tissue panoramic scanning microscopy (Pannoramic 250/MIDI, 3D HISTECH, Hungary).

Second harmonic generation (SHG)

At 14d, 21d and 28d post-injury, mice were deeply anesthetized and �xed on a designated plate, with the
ocular surface faced up. According to a previously described method[7], a modi�ed plastic bowl
containing sterile PBS was �xed on the ocular surface sealed by erythromycin eye ointment to ensure the
use of water immersion objective. SHG imaging was performed using an inverted two-photon excitation
�uorescence microscope (NLO780, Zeiss). The laser was tuned to 780 nm and a 20× water immersion
objective (numerical aperture = 1.0) was used to focus the excitation beam and to collect backward
signals. The cornea was scanned layer by layer using Z-stack (Z = 5 μm), and the obtained images were
three-dimensionally reconstructed using Imaris software (×64, version 7.4.2, Bitplane, Zurich, Switzerland)
to calculate the average signal intensity of the image. The stronger the image signal intensity, the more
regular the corneal matrix collagen �bers are arranged, and conversely, the weaker the image signal, the
corneal matrix collagen �ber structure is disordered or degraded.
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Quantitative real-time PCR
The mice were sacri�ced by cervical dislocation at 14d, 21d and 28d post-injury and the corneas were
trimmed as described above. Corneas were cut into small pieces and grinded for RNA extraction. RNeasy
Mini Kit (Qiagen, US) was used to extract total RNA according to the manual and cDNA was generated by
reverse transcription (TIANScript RT Kit, TRANSGEN BIOTECH, Peking, China). Real-time ampli�cation
was performed using TransStart Top Green qPCR Supermix (AQ131, TRANSGEN BIOTECH, Peking, China)
in ABI 7500 Real Time PCR System (Applied Biosystems/Life Technologies) for the following molecules:
α-smooth muscle actin (α-SMA), forward sequencing: TCAGACCTGTGTGTTCCCTA, reverse sequencing:
AGACGTGCTTCTTTTCCTTG, transforming growth factorβ1 (TGFβ1), forward sequencing:
AAGCCCGAGGACCACATTTT, reverse sequencing: GGGGCCTTTGGCTCAGAAAT, connective tissue growth
factor (CTGF), forward sequencing: CATCTCCACCCGAGTTACCA, reverse sequencing:
TGCACTTTTTGCCCTTCTTA, collagen type (COL ), forward sequencing: TCAGACCTGTGTGTTCCCTA,
reverse sequencing: AGACGTGCTTCTTTTCCTTG, and housekeeping gene β-actin, forward sequencing:
GGCACCACACCTTCTAC, reverse sequencing: CTGGGTCATCTTTTCAC. Gene expression was
standardized to housekeeping gene expression in respective samples. Each individual experiment was
done in triplicate.

Western blot assay
The mice were sacri�ced by cervical dislocation at 14d post-injury and the corneas were trimmed as
described above. 0.1g tissue was fully grinded in liquid nitrogen, and then transferred to 1ml RIPA protein
lysate. Determination of sample protein concentration was by Coomassie Brilliant Blue Kit. Protein
separation was performed by electrophoresis in different concentrations of gels. Polyvinylidene �uoride
membranes (Bio-Rad Laboratories, Hercules, CA, USA) were used to transfer the samples. The
membranes were blocked with a blocking solution (PBST solution containing 5  skim milk powder) for 2
hours at room temperature and then incubated in a 1:1000 dilution of primary rabbit polyclonal anti-
Smad2 antibody (bs–0718R, Bioss Antibodies, Peking, China) and primary rabbit polyclonal anti-
phospho-Smad2 antibody (bs–5618R, Bioss Antibodies, Peking, China) at 4℃ overnight. The
membranes were then washed in TBST (10 mM Tris-HCl [pH 7.5], 150 mM NaCl, and 0.05% Tween–20)
for 3 times (5min each), and then incubated in a 1:3000 dilution of goat-anti-rabbit secondary antibody
(bs–0295G, Bioss Antibodies, Peking, China) for 1h at room temperature. The membrane was incubated
with the chemiluminescent substrate for 2–5 min and photographed. Images were saved and digitized
the gray value of each speci�c strip. The obtained result represented the relative content of the target
protein of a sample.

Statistical analysis
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Data analysis was performed using SPSS 17.0 statistical software. The data is expressed in the form of
mean ± S. D. The data obtained were multiple sets of quantitative data and analyzed by one-way analysis
of variance. Firstly, the Levene test is used to test the homogeneity of variance of each group of data at
each time point. The LSD-t test or the Bonferroni method was used to compare the multiples of multiple
samples. The Kruskal-Wallis rank sum test is used for analysis of corneal turbidity score. P< 0.05 was
statistically signi�cant.

Results

Primary cell culture and identi�cation of uMSCs
The cultured cells were characterized according to their adherence to plastic surfaces with a �broblast-
like morphology (Fig. 1C). Flow cytometry results revealed that the cells are positive for mensenchymal
stem cell surface antigen CD29 and CD44 (Fig. 1B), whereas negative for hematopoietic stem cell marker
CD45 and CD34 (Fig. 1A). The number of CD45 (-) CD34 (-) CD29 (+) CD44 (+) cells accounted for 96.30%
of nuclear cells.

uMSCs alleviated corneal scar formation and
enhanced slit-lamp observation and clinical score
Corneal scar formation is one of the major complications of FK and is closely related to prognosis. 12
mice of each group were involved in ocular surface examination. At 14d, 21d and 28d post-injury,
uMSCsinj FK group showed decreased corneal scar formation, and enhanced corneal transparency,
compared with vehicleinj FK group and FK group (Fig. 2a). The comparison of corneal opacity scores and
scar formation area (mm2) between uMSCsinj FK group and the other two groups were statistically
signi�cant differences both at the 14d, 21d, and 28d post-injury (Fig. 2b and c).

Corneas from uMSCsinj FK group exhibited reduced corneal
thickness and in�ammatory cell in�ltration after FK
modeling in histological examination.
Histological examination was performed on 14d, 21d and 28d after injury. 6 mice of each group were
involved. The vehicleinj FK group and FK group exhibited corneal thickening, the structure of the corneal
stroma is disordered and a large amount of in�ammatory cell in�ltration in the whole cornea. In contrast,
corneas from uMSCsinj FK group showed less corneal thickness, relative normal structural arrangements,
less in�ammatory cell in�ltration (Fig. 3a-i). The comparison of average corneal thickness (μm) between
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uMSCsinj FK group and the other two groups had statistically signi�cant difference at 14d, 21d and 28d
post-injury (Fig. 3m).

Collagen destruction was restored by uMSCs
treatment in SHG
The mouse cornea is rich in collagen �bers and can generate signals under the excitation of the second
harmonic of a two-photon microscope. SHG pictures were taken in vivo at 14d, 21d and 28d post-injury. 6
mice of each group were involved. The mice corneas of control group exhibited high intensity transient
signals due to regular arrangement of corneal collagen �bers (Fig. 4a, e, and i). However collagen
degradation caused by infection and in�ammation in FK group and vehicleinj FK group exhibited weak
signals excited by confocal microscopy (Fig. 4b, f, and j). Of note, collagen destruction was restored by
uMSCs treatment with an average optical intensity (AOD) 69.97±7.09 at 14d post-injury, which had
statistically signi�cant differences compared with FK group (26.09±1.27) and vehicleinj FK group
(28.98±3.32) (Fig. 4m). Light scattering were also markedly reduced in uMSCs treatment group compared
with the other two groups.

Fibrosis-related factors were down-regulated by uMSCs administration

Relative mRNA expression of �brosis-related factors α-SMA, TGFβ1, CTGF and COL  in per cornea from
FK group, vehicleinj FK group and uMSCsinj FK group were investigated by qRT-PCR at 14d, 21d and 28d
post-injury. 6 mice of each group were involved. The results demonstrated that uMSCs administration
signi�cantly inhibited the expression of pro-�brogeneic genes α-SMA (1.72-fold decrease at 14d, 2.35-fold
decrease at 21d, 3.2-fold decrease at 28d; P<0.05), TGFβ1 (2.37-fold decrease at 14d, 5.46-fold decrease
at 21d, 8.21-fold decrease at 28d; P<0.05), CTGF (2.3-fold decrease at 14d, 2.76-fold decrease at 21d,
4.18-fold decrease at 28d; P<0.05) and COL  (1.53-fold decrease at 14d, 2.41-fold decrease at 21d, 3.16-
fold decrease at 28d; P<0.05) mRNA levels compared with vehicleinj FK group (Fig.5a-d). No statistically
signi�cant differences were detected in the α-SMA, TGFβ1, CTGF, and COL  mRNA expression between
the FK group and vehicleinj FK group. Protein concentration of α-SMA and COL  were detected by ELISA
kits at 14d post-injury. No statistical differences were found between groups. We believe that the
inconsistency of mRNA and protein detection results may be related to the low protein content in the
cornea of mice.

α-SMA production was inhibited by uMSCs
administration in mice cornea after FK
The α-SMA is a biochemical marker for myo�broblast. 4 mice of each group were involved. Mice corneas
of control group could only be found of α-SMA expression at the pericorneal vascular region due to
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vascular wall smooth muscle cells staining, but was not observed in the central area of cornea (Fig. 6a).
The α-SMA production was up-regulated in the lesion area of corneas in FK group and vehicleinj FK group
(Fig.6c and d), whereas was found down-regulated in uMSCsinj FK group (Fig. 6b), which was consistent
with clinical manifestations.

uMSCs attenuates phosphorylation of TGFβ1/Smad2
signaling pathway in the regulation of corneal �brosis
As we know, TGFβ plays an important role in the repair of corneal injury and the Smads family is one of
the most important signaling pathways for TGFβ [8]. To validate the role of TGFβ1/Smad2 signaling
pathway in the regulation of corneal �brosis in mice FK model, we conducted westernblot analysis to
detect relative protein levels of Smad2 and phosphorylated Smad2 in corneas at 14d post-injury (Fig.7a).
6 mice of each group were involved. Data revealed that the Smad2 expression was up-regulated in FK
group compared with control group and had no statistically differences between FK group, vehicleinj FK
group and uMSCsinj FK group (Fig.7b). Phosphorylation of Smad2 was hard to detect in control group
mice corneas whereas was up-regulated in FK group and vehicleinj FK group respectively (Fig.7c).
Samples from uMSCsinj FK group exhibited inhibited phosphorylated Smad2 expression compared with
vehicleinj FK group, indicating potentially down-regulation capacity of TGFβ1/Smad2 signaling pathway
activation in FK mice corneas.

Discussion
FK causes the formation of corneal leukoplakia. The formation of corneal leukoplakia in the late stage of
FK is inseparable from the release of cytokines, activation and transformation of corneal stromal cells,
destruction and remodeling of collagen structure [9–12]. Our study found that the mouse FK model can
be successfully established by performing a cross scratch on the cornea and then inoculation with
Fusarium solani. The corneal fungal infection was observed under a slit-lamp microscope 24 hours after
wounding. Previous experiments in our research group also con�rmed that the modeling method is
effective [6]. The focus of this study is on the formation of corneal scars in the healing phase after FK
infection control. Therefore, in the early stage of infection, natamycin eye drops antifungal treatment is
carried out to kill fungi and reduce the damage of fungal growth on the cornea, thereby reducing the
perforation rate of the cornea. On the basis of antifungal treatment, the rate of corneal perforation was
effectively controlled (con�rmed by previous experiments by our research group). The peak of FK lesion
progression was 3 5d post-injury, and our eye-drop treatment continued until 7d post-injury. In this
experiment, we set the observation time points to 14d, 21d and 28d post-injury, mainly to observe the
changes of cornea in the early stage of scar formation. At 14 days after wounding, it was observed under
the slit-lamp microscope that the corneal central leukoplakia was formed, and the pupil and iris were not
visible. HE staining of pathological sections showed that the thickness of each layer of the cornea
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increased, the structure was disordered, and a large number of in�ammatory cells in�ltrated. SHG
observation showed that the collagen �bers were disarranged at 14d after wounding in FK mice.
Molecular examination revealed elevated expression of corneal �brosis-associated factors α-SMA,
TGFβ1, type I collagen, and CTGF in the cornea of FK mice, which is consistent with the results of Carla
[13]. In addition, increased protein expression of Smad2 and phosphorylated Smad2 suggested that
activation and up-regulation of the TGFβ1/Smad2 signaling pathway is accompanied by FK scar
formation.

Mesenchymal Stem Cells (MSCs) treatment is widely used in ophthalmology, and its unique anti-
in�ammatory and immunomodulatory effects make it an ideal therapeutic mean in the treatment of dry
eye, corneal epithelial damage, corneal transplantation and other diseases [14–16]. As for MSCs in
restoring corneal transparency, intrastromally transplantation of uMSCs in cornea had been veri�ed to
restore the dendritic and hexagonal morphology of host keratocytes and improve corneal transparency
[17]. Liu [18] revealed that corneal transparency and stromal thickness of lumican null mice were
signi�cantly improved by uMSCs transplantation. In our experiments, uMSCs were transplanted into the
ocular surface of mice by subconjunctival injection at 1d, 4d, and 7d after modeling. Compared with other
cell transplantation methods, subconjunctival injection can enhance the effect of uMSCs on the ocular
surface, and maximize its therapeutic effect. After transplantation, it was found that there was no corneal
neovascularization, uveitis and other immune rejection occurance of the experimental mice. Considering
that uMSCs have low immunogenicity, the cell surface does not express MHC class II molecules, and
some soluble cytokines which can inhibits lymphocyte proliferation are produced, therefore, uMSCs can
induce host immune tolerance and reduce transplant rejection [19]. Our study found that uMSCs
transplantation can alleviate the formation of corneal scar during healing period after FK infection
control, and reduce the scar formation area and corneal turbidity. Meanwhile, the application of uMSCs
could reduce corneal thickness increasing, the in�ltration of in�ammatory cells and destruction of
collagen tissue. The expression of α-SMA, TGFβ1, CTGF and type I collagen decreased in the uMSCsinjFK
group, and the difference was statistically signi�cant compared with the vehicleinjFK group. In addition,
uMSCs administration regulates the activation of the TGFβ1/Smad2 signaling pathway. Our results are
supported by Fang in the skin injury model [20], and are consistent with the results obtained by Du [21] in
the cornea of lumican null mice.

Compared with other available sources of MSCs, the uMSCs have the advantages of lower
immunogenicity, higher capacity in proliferation, conveniently available, and less ethical controversy [20,
22]. The mechanisms involved in the therapeutic effects exerted by uMSCs, mainly focused on paracrine
effects to suppress in�ammation and myo�broblast differentiation. Researchers demonstrated that
mRNA quanti�cation of TSG–6 in MSCs predicted their e�cacy in sterile in�ammation models for
corneal injury [23]. Exosomes are nanoscale membrane vesicles (30–150 nm) that transport active
substances between different cells and identi�ed as a new kind of major paracrine factor released by
uMSCs [24]. Yu [25] reported that intravitreally injection of uMSCs-derived exosomes could reduce
damage, inhibit apoptosis and suppress in�ammation responses in laser-induced retinal injury. uMSCs-
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exosomal microRNAs has been found to play key roles in suppressing myo�broblast differentiation by
inhibiting excess α-SMA and collagen deposition [20].

We also found some problems. It has been found that FK as an infectious keratopathy, the virulence and
mechanical destruction of fungi, the in�ltration of immune cells, the release of enzymes and cytokines
and many other complex factors affect the prognosis of the disease. Although natamycin is used in
antifungal therapy, corneal perforation is still inevitable. uMSCs is more effective in the treatment of
cases without corneal perforation, while the treatment of severe in�ammation and corneal perforation is
not as expected. This suggests that in addition to antifungal therapy, the early application of anti-
in�ammatory and immunosuppressive drugs are also necessary to control the corneal scar formation in
severe FK, There is no �nal conclusion about the mode and timing of uMSCs transplantation and relevant
research need to be carried out to get the best treatment plan.

Conclusion
The current study suggests that human uMSCs can evidently inhibit corneal in�ammation and corneal
�brosis after FK wounding, the corneal opacity, scar formation area and corneal thickness can be reduced
by uMSCs administration, accompanying with down-expression of α-SMA, TGFβ1, CTGF, and COL
through TGFβ1/Smad2 signaling pathway regulation. Our study has an implication for further
exploration of MSCs as a novel therapy for patients with infectious eye disease and other �brosis ocular
diseases. However, further studies should be established to explore the in-depth mechanism underlying
MSCs regulation in corneal �brosis for new therapies.
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Fig. 1

The culture and identi�cation of human uMSCs. (a) Cultured cells were �uorescence labeled with CD45
and CD34. (b) Cultured cells were �uorescence labeled with CD29 and CD44. (c) The morphology of the
cultured cells was characterized according to their adherence to plastic surfaces with a �broblast-like
morphology.

Fig. 2

Ocular surface observation and examination. (a) Slit-lamp microscope observation and photograph of
control group, FK group, vehicleinj FK group and uMSCsinj FK group. (b) Statistical analysis of corneal
opacity scores. (c) Statistical analysis of corneal scar formation area (mm2) between groups.
Magni�cation of ocular surface photos: 25×. Values are presented as means ± SD, n = 12, *P<0.05.

Fig.3

Histological examination and corneal thickness evaluation between groups. (a, e and i) Corneas from
control group mice with no injuries. Corneas from FK group mice (b, f and j) and vehicleinj FK group mice
(c, g and k) exhibited corneal thickening, irregularly aligned collagen �bers and extensive in�ammatory
cells in�ltration. (d, h and i) Corneas from uMSCsinj FK group showed less corneal thickness, relative
normal structural arrangement, and fewer in�ammatory cells in�ltration. (m) Statistical analysis of
average corneal thickness (μm) between groups. Values are presented as means ± SD, n = 6, *P<0.05.
Scale bar, 100μm.

Fig.4

Second harmonic generation (SHG) taken by two-photon confocal microscopy in vivo. (a, e and i)
Corneas from control group mice exhibited high intensity transient signals, indicating regular
arrangement of corneal collagen �bers. Corneas from FK group (b, f and j) and vehicleinj FK group mice
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(c, g and k) exhibited weak signals, indicating collagen degradation and disarrangement of collagen
�bers caused by infection and in�ammation. (d, h and i) The uMSCsinj FK group mice corneas exhibited
relative high intensity transient signals indicating regular collagen �bril arrangements compared with the
other two groups. (m) Statistical analysis of average optical intensity (AOD) of SHG between groups on
14d post-injury. Values are presented as means ± SD, n = 6, *P<0.05. Scale bar, 50μm.

Fig.5

Fibrosis-related factors α-SMA, TGFβ1, CTGF and COL were down-regulated by uMSCs administration. (a-
d) uMSCs administration signi�cantly inhibited the expression of pro-�brogeneic genes α-SMA, TGFβ1,
CTGF and COL  and had a statistically difference compared with vehicleinj FK group and FK group. No
statistically signi�cant differences were detected in the α-SMA, TGFβ1, CTGF, and COL  mRNA expression
between the FK group and vehicleinj FK group. (e and f) Protein concentration of α-SMA (e) and COL were
detected by ELISA kits at 14d post-injury, no statistical differences were found between groups. Values
are given as means ± SD, n = 6, *P<0.05, **P<0.01 ***P<0.001 ****P<0.0001.

Fig.6

α-SMA production detected by immuno�uorencence. (a-d) Immuno�uorescence staining photos of
corneal α-SMA expression came from control group, uMSCsinj FK group, FK group and vehicleinj FK group.
White arrow, α-SMA expression at the pericorneal vascular region due to vascular wall smooth muscle
cells staining. Red circle, corneal lesion area. The α-SMA was labeled by FITC, n = 4. Scale bar, 500μm.

Fig.7

uMSCs attenuates phosphorylation of TGFβ1/Smad2 signaling pathway in the regulation of corneal
�brosis. (a) Westernblot analysis to detect relative protein levels of Smad2 and phosphorylated Smad2 in
corneas at 14d post-injury. (b) Statistical analysis of relative protein expression of Smad2. (c) Statistical
analysis of relative protein expression of phosphorylated- Smad2. Values are given as means ± SD, n = 6,
*P<0.05.

Methods
Patients

In our retrospective study, we collected 23 patients with histopathology-con�rmed LCH of the orbit from
2008 to 2016. Seventeen of the patients were males and �ve female. Their ages at diagnosis of LCH
ranged from 9 month to 21 years. The inclusion criteria were: (a) histopathologically con�rmed cases of
LCH; (b) patients with orbital MRI (including pre- and post-contrast studies) less than seven days before
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biopsy or surgery  (b) patients with no history of surgery or treatment in the affected orbits. The exclusion
criteria were as follow: (a) poor image quality such as signi�cant motion or susceptibility artifacts; (b)
orbital lesions less than 0.5 centimeter in diameter; (c) patients with orbital LCH recurrence after surgery.
All participants involved were informed of the purpose of this study and a written consent was obtained
from themselves or their parents or legal guardians.

Hematoxylin-eosin (HE) and Immunohistochemical (IHC) Staining

HE staining was conducted according to routine protocols [13]. IHC staining was performed using S –
100(Biocare, Britain) at 1:150 dilution, CD 68(Zeta, America) at 1:200 dilution and CD1a (Epitomics,
America) at 1:200 dilution.

Image data acquisiton

All MRI examinations were performed on a 3.0 T MR imaging system (Trio Tim Siemens, Germany) with
an 8-channel head coil. Pre-contrast axial fast spin-echo (FSE) T1-weighted imaging (T1WI), T2-weighted
imaging (T2WI) in the axial and coronal planes and post-contrast T1WI in the axial, coronal, and sagittal
planes were acquired in all cases. The imaging parameters were as follows. T1WI: TR, 200 ms; TE, 2.46
ms; Angle, 70 °. T2WI: TR, 3400 ms; TE, 108 ms; Angle, 120°; vision, 190 mm x 190 mm; matrix, 256 x 256;
section thickness, 3 mm; intersection gap, 0.3 mm.  Post-contrast T1WI were obtained after an
intravenous bolus injection of 0.2 ml/kg of Gd-DTPA (Gadopentetate Dimeglumine Injection; Consun
pharmaceutical co., Guang zhou, China). Chemical shift selective fat saturation (FS) was used in the
post-enhancement axial T1WI.

Medical record and MRI imaging analysis

Medical records were analyzed for age at presentation, gender, laterality, symptoms and the disease
course. The MR images were transferred to a picture archiving and communicating system (PACS), then
the images reviewed by two head and neck radiologists. The analysis of lesions included: location,
morphology, size, boundary and pre- and post-contrast MRI performances. If they did not agree on a
diagnosis, then another imaging doctor provided a common consensus diagnosis through consultation.

Results
Clinical characteristics of the patients

Eighteen patients (78%) in our series were male, only �ve (22%) patients were female, and the mean age
at presentation was 6.3 years.. Their most common symptoms included eyelid swelling, pain,
exophthalmos and local masses. 22 cases had unilateral disease with left eye being involved in ten and
right in twelve patients, and only one case had bilateral orbit LCH. All patients had short disease duration
from six days to one year, 21 cases occurring within 2 months. The majority patients had different
degrees of eyelid swelling. 14 patients had red swollen eyelids and exophthalmos; Among them, six cases
showed recurrent eyelid swelling, pain and fever, which like the symptom of in�ammatory pscudotumor,
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the anti-in�ammatory treatment was ineffective; two patients had ptosis; two patients had throbbing
sensation, and one patients accompanied by tearing, one accompanied by cough and sputum, one
accompanied by polydipsia polyuria, One patient had eyelid swelling after trauma. 4 patients only had a
swollen eyelid with no redness or pain. 3 patients only presented with a palpable mass at periorbital with
no other clinical manifestations. 2 patients had temporal pain accompanied by blurred vision, one of
them had nausea and vomiting, the other had dizziness and tinnitus. In our cases, there were two patients
have slight vision decline (visual chart: 0.8, 0.7), and the other patients’ vision were normal. Due to the
lesions of LCH were not affect the optic nerve or orbital apex, 21 out of 23 cases (91.3%) patients’ vision
is unaffected.

HE stains showed that the lesions include the proliferation of large number of Langerhans cells with
eosinophils and neutrophils, lymphocytes and a small amount of plasma cell in�ltration. The IHC stains
shows positive signals for S – 100  CD 68 and CD1a (�g.4,5).

Location and morphology of lesions

There were 13 lesions located in the superolateral orbit, 5 lesions located in the lateral orbit, 3 lesions
located in the inferolateral orbit, 1 lesion located in the orbital apex, and 1 case of bilateral orbit lesions.
All lesions involved the orbital wall. We can clearly see the bone destruction on the 3D reconstructions of
CT data (�g.7), and it can show the lesions site very well. In all, 4 involved the extra-orbital bone skull
included tibia, foot bone, mandibular, cheekbones and sphenoid bone. The size of the largest lesion was
2.2 cm x 4.0 cm x 5.4 cm, and the smallest was 0.9 cmx 1.0 cmx 1.0 cm. 14 cases appeared as a mass or
an ovoid con�guration (Fig. 1a), 7 cases had an irregular shape like a triangle (Fig. 1b), and the other two
cases had diffuse thickening of the affected bone with ill-de�ned margins (Fig. 2a). 15 cases had
unclearly boundary, and 8 cases had clear boundary. table 1

Pre-contrast MRI presentation along with the pathological results table 2

T2WI performance (Fig.1): 15 cases showed hyper-hypointense mixed signals on T2WI, 5 cases showed
slightly hyperintense signals, and the other 3 cases showed hypointense signals primarily, the HE stain
image showed large amounts of hemosiderin and macrophages which phagocytosed hemosiderin under
the microscope (Fig.4a, b). Among all cases, 11 cases showed cystic hyperintense signal near the edge of
lesions on T2WI.

T1WI performance (Fig. 2): 12 cases showed isointensity on T1WI, 10 cases showed iso-hypointense
mixed signals, and one case showed a hypointense signal. Among all cases, patchy hyperintense signals
were found in 7 lesions on T1WI, where many red blood cells and hemosiderin were seen under the
optical microscope (Fig. 4a, b), according to the focal hemorrhage. For both T1WI and T2WI, only 3
lesions showed homogeneous signals 4 lesions were surrounded by a ring of hypointense signal.

Post-contrast MRI presentation
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Contrast-enhanced image performance: There were 2 cases presented bone thickening and showed
homogeneous enhancement (Fig. 3a), the other 21 cases presented signi�cantly enhancement at the
edges of lesions and surrounding tissues around the lesion (Fig.3). At the center of the lesions, 12 cases
showed signi�cantly heterogeneous enhancement (Fig.3 b, c), internal no enhancement area was
consistent with necrotic tissue in the HE stain image (Fig.4c). 4 cases showed slight or moderate
heterogeneous enhancement (Fig. 3 d, e), 2 cases showed slight homogeneous enhancement (Fig. 3f),
and the other 3 cases showed �occulent or septations enhancement in the hypointense central area (Fig.
3g, h). In addition, there were 4 cases of lesions surrounded by a low circular signal (Fig. 3i).

Discussion
Summary of Langerhans cell histiocytosis

LCH includes three syndromes: eosinophilic granuloma in bone, Hand - Schüller - Christian disease and
Letterer - Siwe disease. According to the degree of clinical damage, LCH can be divided into a localized
type and an extensive type. Among the three syndrome types, bone eosinophilic granuloma is a localized
type, Hand-Schüller-Christian disease progresses slowly and is likely an extensive type, and Letterer-Siwe
disease progresses quickly and urgently, which likely makes it an extensive type with a poor prognosis
[14]. LCH can involve multi-organ and multisystem. Lung and bone were the more frequent involved
regions.  For the single bone destruction, can be simple surgical curettage. If there is a recurrence, the
patients will need for systemic chemotherapy. According to patient’s concrete condition, arrange periodic
reviews from 6 weeks to one year. In our group, all 23 cases underwent surgery resection, and
postoperative chemotherapy was given subsequently, most of the cases have a good prognosis up to
now.

The clinical manifestations of LCH with orbital involvement

LCH is a rare disease with an incidence of 0.2-2.0 cases per 100,000 children under 15 years of age in the
worldwide [14], and it has a high incidence 23%-37.5% of orbital involvement  [15,16]. In our study, the
average age was 6.3 years, including 20 patients (86.9%) under the age of �ve, and 2 cases occurred in
adults who were 21 years old and one patient was 14 years old. There were 18 male patients (78.3%).
The results demonstrated that LCH are more common in pre-adolescent males, that is the same with the
previous literature [17]. The course of the disease were shorter, there were 15 cases that lasted less than
one month and 5 cases that lasted approximately two months. The most common clinical
manifestations included eyelid swelling and exophthalmos. Majority patients had swollen eyelids (�g.6),
including 14 cases accompanied with pain and fever and 6 cases with poor treatment effects after a
mistaken diagnosis of an in�ammatory pseudotumor, this led us to the conclusion that the clinical
manifestations of orbital LCH were almost similar to the in�ammatory pseudotumor, and it is apt to be
misdiagnosed . In our research group, patients also had some relatively rare symptom: ptosis,
�uctuations in the affected part, tearing, decreased vision, dizziness, and nausea clinical symptoms
which have not been mentioned in previous studies [3,18, 19]. There was one child appeared lump after
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trauma, a previous literature reported that trauma might be a factor that can trigger an immune response,
and predisposed children may subsequently develop LCH [20]. Three patients were diagnosed with
eosinophilic granuloma of the bone, and one case presented "bone destruction-exophthalmos-diabetes
insipidus" syndrome, which is the trigeminy sickness of the Hand-Schüller-Christian disease. Regrettably,
due to a lack of body multi-system check data, we could not determine the exact type of the remaining
cases.

Magnetic resonance imaging �ndings of orbital LCH

MRI has a high resolution of soft tissue, and can clearly show the skull bone destruction, soft tissue
mass, dural thickening and other morphological changes of LCH lesion in orbit, but the MRI signal of LCH
lesions changes in a large range, the MRI features reported in the literature are not consistent [21, 22, 24].
In fact, according to the results of our study, we found that the MRI manifestation of orbital LCH possess
certain characteristics actually. In our group, 17 lesions located in the superior or superlateral orbital roof
that accounted for 74% of the total cases. So we know that orbital LCH mainly occurs in the superior or
superlateral wall of orbit. It should be noted that the lesions locations were super�cial. We found that
mostly lesions of orbital LCH presented as a mass or triangular, the triangular lesions were similar in
shape to the bone section of the site, and 3 cases showed bone thickening. From this representation, we
speculate that the shape of the �rst-stage lesion is the same as the original bone form, and then it further
progressed to a lump shape. In our group, most lesion boundaries were not clear except for 3 cases, and
those 3 cases were diagnosed as bone eosinophilic granuloma by pathology, the characteristics was
consistent with the �ndings of previous study [25]. The boundaries of other types of LCH lesions are often
unclear.

About the MRI singal of orbital LCH, based on our analysis, most lesions appeared isointensity and iso-
hypointensity on T1WI. On T2WI, the lesions mostly exhibited hyper-hypointense mixed signals. Most
lesions presented heterogeneous signal, some studies considered that heterogeneous signals are related
to different pathological stages or the lipid content of lesions [26,27]. Under the microscope, we found
that lesions containing many red blood cells, where presented patchy hyperintense signals on T1WI and
conformed to a focal hemorrhage. Another feature is that the area near the edge of lesions usually had
capsule hyperintense signals on T2WI and which were not enhanced, these areas correlated with the
necrosis area of lesions shown by a microscope (Fig.4, 5). Post enhancements revealed that lesions
mostly showed signi�cantly heterogeneous enhancement signals, and we found a key characteristic that
the edges of the lesion and surrounding tissue presented signi�cant enhancement, which was more
obvious than the central of the lesion. We suggest that this characteristics performance may help in the
diagnosis of orbital LCH. Besides, A few lesions were surrounded by a low signal ring on the pre-
enhanced and post-enhanced imaging, which did not been reported before, and determining its diagnostic
value requires further observation.

Believed through ours research on the MRI feature of the orbital LCH, lesions of LCH were pone to occur at
the superior and superlateral wall of orbit, and the locations were super�cial that near the surface (�g.7). 
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The shape of lesion like lump or triangular with fuzzy boundaries. It presented isointensity and iso-
hypointensity on T1WI and hyper-hypointense mixed signals on T2WI, pone to hemorrhage and necrosis
in lesions. It need to be emphasized that the edges of the lesion and surrounding tissue presented more
signi�cant enhancement, it concluded that LCH lesions affected the surrounding soft tissue. Base on
above MRI characteristics performance, it can improve the diagnostic accuracy of the orbital LCH for
radiologists. And these speci�c manifestations have not been reported in previous literatures.

The differential diagnosis of orbital LCH

The diagnosis and differential diagnosis of LCH is mainly based on clinical manifestation, imaging and
pathological examinations, and imaging examination especially plays an important role in the diagnosis
of the disease, but the �nal diagnosis is still requires histopathology for con�rmation. The
histopathological features of LCH include the proliferation of large number of Langerhans cells with
eosinophils and neutrophils, lymphocytes and a small amount of plasma cell in�ltration.. The IHC
staining shows positive signals for S – 100  CD 68 and CD1a (�g.4,5). "Birbeck granules" can be found
under the electron microscope, which is the gold standard for diagnosing LCH.

The main differential diagnoses for orbital LCH include leiomyosarcoma, metastases, chloroma, orbital
in�ammatory pseudotumor, epidermoid or dermoid cysts, multiple myeloma, et al. (1) Leiomyosarcoma:
this tumor is also a common orbital malignancy in teenagers, progresses very quickly, often occurs at the
outer upper quadrant of the extraconal orbital compartment, the location of lesions often deeper than the
LCH. On MRI, the lesion mostly show low signal on T1WI, high signal on T2WI, and have homogenous
and heterogeneous enhancement. It should be pointed out that the lesion is rarely hemorrhage, the edges
of the lesion and surrounding tissue are not enhanced, that can be used to differentiated from the orbital
LCH. And the lesion often has a little bone destruction. (2) Metastatic tumors: metastases in teenagers
often come from neuroblastoma, most neuroblastomas occur in the retroperitoneal and adrenal areas.
Patients demonstrate symptoms outside the orbital region, consistent with primary tumor localization,
along with typical malignancy associated general symptoms.  The lesion progresses fast, most patients
had invasive bone destruction that is different from the bone defect of LCH. Presence of the primary
tumor is the main �nding in the differential diagnostic of the condition [28]. (3) Chloroma: Leukemia cells
in�ltrating the orbital bone and soft tissue. The lesion show low signal on T1WI, slight-high signal on
T2WI, and have a signi�cantly homogenous enhancement, the MRI features are different from the LCH.
The general condition of leukemia patients is poor, and systemic examination can ultimately diagnose
leukemia [29]. (4) Epidermoid or dermoid cysts are more common in middle-aged individuals, have a slow
onset, and present pressure changes in bone. MRI signals of lesions change and present capsule wall
enhancement as well as internal structures without enhancement. (5) Myeloma is more common in
middle-old aged individuals; lesion show low signal on T1WI, high signal on T2WI, and have a a
signi�cantly homogenous enhancement, and present oval bone destruction on X-ray approximately 50%
to 70% of the patients are positive for Bence-Jones protein,.
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There were some drawbacks in this study, and the diffusion weighted magnetic resonance imaging (DWI)
and dynamic enhanced scanning was not added. Since only some patients were collected on DWI, the
data was incomplete. However, DWI and dynamic enhanced seems don’t have characteristic that can
helpful for LCH diagnosis.

Conclusion
In conclusion, Langerhans cell histiocytosis is a rare disease. It has a male predominance mainly
affecting children. In particularly, LCH often involves the orbit. The lesions of orbital LCH most frequently
involved the superior or superlateral orbital roof, lesions location were super�cial. Through our research,
We found the following characteristic manifestations: most of the lesions showed hyper-hypointense
mixed signals on T2WI, showed isointensity and iso-hypotense signals on T1WI. LCH is prone to
hemorrhage, necrosis and cystic changes. Some lesions surrounded by a circular low signal. The edges
of the lesions and the surrounding tissue presented more signi�cant enhancement than the central area,
which has certain speci�city to help the diagnosis of LCH. More importantly, these characteristics have
not been reported in other literatures. Therefore, MRI �ndings could provide crucial information for
clinicians, and combining with existing research results, MRI characteristic features can improve the
diagnostic accuracy of the orbital LCH.
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Table 1 The location, shape and boundary of orbital LCH

 

location   morphology   boundary
positon case number shape case number

superlateral 13 mass 14 unclear 15
lateral 5 triangular 7 clear 8
inferolateral 3 diffuse thciken 2    
orbital apex 1        
orbital lateral 1        
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Table 2 The T2WI, T1WI and enhancement signal performance of orbital LCH

T2WI T1WI Enhancement signal Case
No.

hyper-hypointense mixed
signal

isointensity signi�cantly heterogeneous 5

hyper-hypointense mixed
signal

iso-
hypointensity

signi�cantly heterogeneous 4

hyper-hypointense mixed
signal

isointensity signi�cantly heterogeneous 1

hyper-hypointense mixed
signal

isointensity �occulent\septations 1

hyper-hypointense mixed
signal

iso-
hypointensity

�occulent\septations 2

hyper-hypointense mixed
signal

iso-
hypointensity

slight or moderate heterogenous 2

slight hyperintensity isointensity slight or moderate heterogenous 1

slight hyperintensity iso-
hypointensity

slight or moderate heterogenous 1

slight hyperintensity isointensity slight homogenous 1

slight  hyperintensity hypointensity slight homogenous 1

slight hyperintensity iso-
hypointensity

homogenous enhancement of thickening
bone

1

hypointensity isointensity homogenous enhancement of thickening
bone

1

hypointensity isointensity signi�cantly heterogeneous 2

Note: besides two cases showed homogenous enhancement of thickening bone, other 21 cases
presented signi�cantly enhancement at the edges of lesions and surrounding tissues around the lesion.

Figures
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Figure 1

a–d. The different performances of orbital LCH lesions in T2WI Axial (a) T2-weighted MR images show
lesion located in the inferolateral right orbit with a clear border, and presenting hypointensity in a T2-
weighted image with a low signal ring of the lesion edge ;and coronal (b) T2-weighted MR images show
lesion located in the right superolateral orbit with an irregular shape like a triangle and an unclear
boundary , presenting hyper-hypointense mixed signals; Axial (c) T2WI show lesion located in the lateral
wall of the left orbit presenting slightly hyperintense signals with a clear boundary. Axial (d) T2WI show
lesion located in the superior wall of the right orbit presenting multiple cystic hyperintense signals near
the edge of the lesion.
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Figure 2

a–d. The different performances in T1WI.Axial (a) T1-weighted MR images show isointensity, and the
lesion performs diffuse thickening of the affected bone with ill-de�ned margins; Axial (b) T1WI show
lesion located in the left lateral orbital wall presenting hypointensity and an unclear boundary; Coronal (c)
T1-weighted MR images show mass located in the inferolateral left orbit presenting iso-hypointense
mixed signals and an unclear boundary. Coronal (d) T1WI show lesion located in the superolateral right
orbit performing isointensity with patchy hyperintensity inside.
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Figure 3

a-i. The different performances of orbital LCH lesions in enhanced T1-weighted images. Axial T1-
weighted postcontrast images (a) demonstrate homogeneous enhancement; Coronal (b) and sagittal(c)
T1-weighted postcontrast images represent the same patient with a lesion located in the superolateral of
the left orbit, the lesion shaped like a triangle crumb presenting signi�cant heterogeneous enhancement
with some irregular low signal areas near the lesion edge. Coronal (d) and sagittal(e) T1-weighted
postcontrast images represent the same patient, the lesion is located in the superolateral right orbit with
an irregular triangle shape, an unclear boundary, and slight or moderate heterogeneous enhancement.
Axial T1-weighted postcontrast images (f) demonstrate a lesion located in the lateral wall of left orbit and
shows slight homogeneous enhancement around the center of the lesion. Axial(g) and Coronal (h) T1-
weighted postcontrast images represent the same patient with a lesion showing �occulent enhancement
in the central hypointense area, and the area surrounding the lesion showed more signi�cant
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enhancement. Coronal (i) T1-weighted postcontrast images showing slight-moderate heterogeneous
enhancement in the center of the lesion, and surrounded by a circular low signal.

Figure 4

Representative image of HE stain (a): Dense in�ltrate of Langerhans-type histiocytes and eosinophilic
cells with many red blood cells (x200). (b): A large amount of hemosiderin and macrophages which
contained hemosiderin(x400). (c): A large amount of necrotic tissue within the tumor cells(x200); (d): A
large proliferation of Langerhans cells, eosinophils and neutrophils as well as lymphocytes with scattered
plasma cells and blood cells(x400).
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Figure 5

Representative images of IHC stain: (a): CD 1a positive (x200), (b): S100 positive (x200), (c): CD68
positive (x200).

Figure 6

Representative photographs: Photographs of two child patients’ to present the eyes overall look. (a):
eyelid swelling of left orbit; (b): red swollen eyelid of right orbit.
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Figure 7

Representative 3D reconstructions on CT data: it can show the lesion site very well. a: lesion located the
superlateral roof of the right orbit, b: lesion located the superior roof of the right orbit.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

supplement1.doc

https://assets.researchsquare.com/files/rs-537/v3/supplement_1.doc

