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OBJECTIVES: To comprehensively analyse the tear cytokine levels of patients with extranodal marginal zone B-cell lymphoma
(EMZL) of the ocular adnexa (OA), and the association with clinical characteristics.
METHODS: Tear cytokine concentrations of 21 OA-EMZL patients and 14 age- and sex-matched healthy controls were measured
using a 27-multiplex bead analysis on a Luminex system. Tear break-up time, corneal fluorescent staining and other clinical and
demographic data were collected as well. The diagnosis of OA-EMZL was established based on the incisional biopsy and
histopathology.
RESULTS: The concentrations of interleukin-1 receptor antagonist (IL-1RA) and IL-8, and the ratio of IL-1RA/IL-1β were significantly
increased in OA-EMZL tear samples (all P < 0.05), while the levels of three cytokines (FGF-2, IL-2 and IL-4), as well as IL-10/IL-6 ratio
were significantly decreased (all P < 0.05). The American Joint Committee on Cancer Tumour stage was significantly associated with
tear concentrations of FGF-2 (r=−0.44, P= 0.043), GM-CSF (r=−0.49, P= 0.025) and IL-2 (r=−0.45, P= 0.042), while lacrimal
gland lymphoma invasion was related to levels of IL-8 (r= 0.53, P= 0.012), FGF-2 (r=−0.43, P= 0.049) and IL-10/IL-6 ratio (r=
−0.48, P= 0.026). Receiver operating characteristic (ROC) curve analysis revealed moderate diagnostic accuracy of these indices in
differentiating OA-EMZL from normal eyes (area under ROC: 0.69–0.74).
CONCLUSIONS: Multiple tear cytokines were significantly dysregulated in OA-EMZL patients. These cytokines could potentially
serve as diagnostic biomarkers and therapeutic targets in future.
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INTRODUCTION
Ocular adnexal lymphoma (OAL) is a malignant lymphoprolifera-
tive tumour predominantly affecting the conjunctiva, orbit and/or
lacrimal gland [1]. Although OAL only accounts for ~1% of all
lymphomas and ~8% of all extranodal lymphomas [2], it is the
most common primary orbital malignancy in adults [3]. The
incidence of OAL has been reported to be increasing, probably
owing to the longer life expectancy worldwide over the years.
Histologically, extranodal marginal zone B-cell lymphoma (EMZL)
is the most frequent subtype, making up ~60% of all OALs [4].
Patients with primary OA-EMZL generally have a favourable
clinical outcome, but they may face a continuous risk of distant
relapse and transformation to more aggressive subtypes [5]. The
exact pathogenesis of OA-EMZL has not been fully elucidated.
Studies have shown that it related to multiple genetic and
environmental factors from exposure to chronic antigenic stimuli
and immune dysregulation to infectious agents[4, 6]. A better
knowledge of the bioclinical changes in OA-EMZL tissue and the
microenvironments would help uncover the pathophysiology and
further provide the possibility for targeted treatment options.
Cytokines produced by cancer cells could sustain active but

dysfunctional immune responses between tumour cells and the
microenvironments [7], whereby maintaining the development
and progression of tumours. Cytokine profiling of body fluids has

offered an opportunity for the diagnosis, classification and
revealing the aetiology of malignancies with minimal invasion
[7]. As an ideal source of biomarkers for ocular disease, human tear
fluid contains over 30 cytokines under physiological conditions [8].
By measuring tear film cytokine levels with enzyme-linked
immunoassays, antibody array or high throughput assays, inves-
tigators have not only explored the inflammatory and immunolo-
gic mechanisms underlying ocular diseases, but also attempted to
use them as biomarkers with regard to treatment response [9]. For
example, increased levels of pro-inflammatory cytokines (e.g. IL-1β,
IL-6 and tumour necrosis factor-alpha (TNF-α)) have been
consistently documented in DED, and strongly correlated with
dry-eye-related clinical parameters [10, 11]. Furthermore, long-
itudinal changes of such tear cytokines could serve as desirable
markers for the effectiveness of treatment, for example topical
steroids therapy [12] and intense pulsed light therapy [13]. With
the emergence of a novel multiplex bead Luminex analysis
technology, recent research on tear cytokine biosignatures has
been extended to explore the aetiology of other diseases [14], like
keratoconjunctivitis [15] and Sjögren’s syndrome [16].
OA-EMZLs frequently involve the tear secretory apparatus and

sometimes the tear drainage system, such as the conjunctiva, the
lacrimal gland and occasionally the eyelid. We thereby hypothe-
sised that there might be changes in bio-molecular compositions,
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especially the cytokine profiles in OA-EMZL tears. Therefore, the
purpose of the present study was to unveil the changes in tear
cytokine profiles, and to investigate the clinical significance of
such changes.

MATERIALS AND METHODS
Study population
Treatment-naïve, clinically diagnosed primary OA-EMZL patients were
enroled at the Department of Orbital Diseases and Ocular Oncology,
Zhongshan Ophthalmic Centre from December 11, 2018 to August 5, 2019.
Tear samples of basal secretion were prospectively collected before
treatment, but only those with a histopathologically verified OA-EMZL
were finally included for cytokine profiling. Meanwhile, 14 eyes of 14 age-
and sex-matched healthy control subjects were recruited from our
department as well. The exclusion criteria for all participants were: (1)
any concurrent ocular diseases other than OA-EMZL, (2) any history of
ocular trauma or surgery, (3) contact lens wear within the previous
3 months, (4) female subjects during their menstruation, (6) use of topical
corticosteroid within the previous 3 months. OA-EMZL patients with the
following conditions were excluded: recurrent cases, any history of
radiotherapy, chemotherapy or immune-modulating therapies. This study
was approved by the Institutional Review Board of Zhongshan Ophthalmic
Centre, Guangzhou, China. It was performed according to the tenets of the
Declaration of Helsinki. Written informed consent was obtained from all
subjects.

Systemic and ophthalmic examination
The medical history and demographic data were obtained through a brief
interview. All subjects underwent comprehensive ophthalmic examination,
including visual acuity, intraocular pressure, inspection and palpation of
the eyelids, ocular motility assessment, anterior and posterior segment
evaluation under slit lamp biomicroscope, and inspection for regional
lymph node involvement. The tear breakup time (TBUT) was summarised
as the mean of three measurements. The corneal and conjunctival staining
pattern was graded from 0 (absent) to 5 (severe) according to the Oxford
grading scale [17]. For each OA-EMZL patient, all conjunctival surfaces
were assessed under slit lamp biomicroscope with eversion of the upper
and lower eyelids. The extent of conjunctiva lymphoma was coded
according to the quadrant involved: 0—not involved, 1—<1 quadrant, 2—
1–2 quadrants, 3—2–3 quadrants, 4—≥3 quadrants. Contrast-enhanced
orbital magnetic resonance imaging was conducted for all OA-EMZL
subjects to determine the involvement of the lacrimal gland, extraocular
muscles, or any other intra-orbital structures. Based on the anatomic sites
involved, tumour was classified into four categories (T1–T4) by an
experienced ocular oncologist (HSY) according to the American Joint
Committee on Cancer (AJCC) Staging Manual (8th edition) [18]. The
definition of primary tumour (T category) was as follows: T0, no evidence of
lymphoma; T1, lymphoma involving the conjunctiva alone without eyelid
or orbital involvement; T2, lymphoma with orbital involvement with or
without conjunctival involvement; T3, lymphoma with preseptal eyelid
involvement with or without orbital involvement and with or without
conjunctival involvement; T4, orbital adnexal lymphoma and extraorbital
lymphoma extending beyond the orbit to adjacent structures, such as
bone, maxillofacial sinuses, and brain. A diagnostic, incisional biopsy of the
lesion was performed for each OA-EMZL patient. Hematoxylin and eosin,
and immunohistochemistry stained slides were reviewed by two senior
pathologists to confirm lymphoma diagnosis and determine the histologic
subtype.

Tear sample collection
Tear fluids were sampled during patients’ hospitalization for incisional
biopsy (OA-EMZL group) or other ophthalmic surgeries (HC group). For
patients bilaterally affected by OA-EMZL, only the eye scheduled for biopsy
was enroled. Tears were collected before any ophthalmic examination to
reduce reflex tear secretion. To minimize physiological diurnal variation of
cytokines, tear was collected between 10:00 a.m. and 4:00 p.m. As
previously described [19], a 20 μL glass capillary micropipette (Drummond,
Broomall, PA, USA) was used to collect tear sample from the external
canthus under slit lamp biomicroscope. After ~12 μL tear fluid was
obtained from each eye, samples were immediately transferred to sterile
Eppendorf tubes, sealed with Parafilm, and banked at −80 °C refrigerator
until profiling assays performed.

Tear cytokine profiling
The Human Cytokine 27-Plex Panel (Luminex X-200, Invitrogen, Carlsbad,
CA, USA) was used to measure the concentrations of tear cytokines
according to the manufacturer’s instructions. In brief, diluted tear samples
were incubated with capture beads, and then reacted with biotin-labelled
antibodies. After incubation with streptavidin-phycoerythrin, resuspended
samples were loaded to a 96-well plate for final analysis on the Luminex
system. A standard curve for each cytokine was constructed based on the
median fluorescence intensities (MFIs) and the corresponding concentra-
tions (pg/mL). The concentration of every cytokine in each sample was
extrapolated from the MFI and its respective standard curve. Two
replicates were independently analysed for each sample to improve
accuracy. In this study, the following 27 human cytokines were analysed:
granulocyte colony-stimulating factor, granulocyte macrophage colony-
stimulating factor (GM-CSF), interferon-gamma (IFN-γ), interleukin-1 beta,
IL-1 receptor antagonist (IL-1RA), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
interleukin-12 p70 (IL-12 P70), IL-13, IL-15, IL-17A, IFN-γ-induced protein 10
(IP-10), TNF-α, monocyte chemotactic protein-1, macrophage inflammatory
protein-1-alpha, macrophage inflammatory protein-1-beta, regulated and
normal T cell expressed and secreted, eosinophil chemotactic protein
(Eotaxin), platelet-derived growth factor (PDGF) AB/BB, fibroblast growth
factor-2 (FGF-2), and vascular endothelial growth factor (VEGF).

Statistical analysis
Descriptive statistics was summarised as mean ± SD, or median with range
and interquartile range according to the statistical distribution of data.
Differences in cytokine concentrations between groups were analysed
using the nonparametric Mann–Whitney U test. Correlation between
cytokine levels and clinical features in OA-EMZL group were performed

Table 1. Clinical features and demographics of enroled subjects.

Characteristics HC (n= 14) OA-EMZL
(n= 21)

P value

Age (years) 42.9 ± 12.9 45.6 ± 16.4 0.612

Sex (n, %)

Male 4 (28.6) 11 (52.4) 0.296a

Female 10 (71.4) 10 (47.6)

Smoking status (n, %)

Non-smoker 10 (71.4) 9 (42.8) 0.166a

Past/current
smoker

4 (28.6) 12 (57.2)

TBUT (seconds) 9.15 ± 2.24 7.51 ± 3.71 0.147

Oxford ocular surface grading (n, %)

0 13 (92.9) 19 (90.5) 1.000a

I 1 (7.1) 2 (9.5)

II–V 0 0

AJCC 8th T stage (n, %)

T0 14 (100) – NA

T1 – 8 (38.1)

T2 – 9 (42.9)

T3 – 4 (19.0)

T4 – 0

Conjunctiva involvement (n, %)

No – 9 (42.9) NA

Yes – 12 (57.1)

Lacrimal gland involvement (n, %)

No – 14 (66.7) NA

Yes – 7 (33.3)

HC healthy control, OA-EMZL extranodal marginal zone B-cell lymphoma
(EMZL) of the ocular adnexa (OA), TBUT tear breakup time, AJCC the
American Joint Committee on Cancer, NA not applicable.
aFisher’s exact test.
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using Spearman’s rank test. Statistical analyses were performed with the R
software (version 3.5.1) and GraphPad Prism 7 (GraphPad Software, San
Diego, CA, USA). A P value < 0.05 was considered statistically significant
unless otherwise indicated.

RESULTS
A total of 35 eyes from 35 subjects were enroled in this study, with
21 (60.0%) OA-EMZL patients and 14 (40.0%) healthy subjects. The
demographics and clinical features were summarised in Table 1.
Overall, HC and OA-EMZL group had a comparable mean age
(42.9 ± 12.9 vs. 45.6 ± 16.4 years, P= 0.612) and sex distribution
(28.6% vs. 52.4% of male, P= 0.176) as expected from the age-
and sex-matched design. No differences were found in smoking
status, TBUT or Oxford grading of ocular surface staining between
groups (all P > 0.05). In the OA-EMZL group, the distribution of
AJCC 8th T stage was as follows: 8 (38.1%) of T1, 9 (42.9%) of T2
and 4 (19.0%) of T3. Involvements of conjunctiva and lacrimal
gland were observed in 12 (57.1%) and 7 eyes (33.3%),
respectively.
A total of 27 cytokines were analysed using the Luminex

system. All experiments had measurable MFIs within the standard
curve of each cytokine. Detailed comparisons of the 27 cytokine
levels between HC and OA-EMZL tears were listed in Table S1. Of
them, IL-1RA and IL-8 were significantly elevated in OA-EMZL tear
samples as compared with those from healthy controls (P= 0.033
and 0.026, respectively). Three cytokines (FGF-2, IL-2 and IL-4, P <
0.05 for each) were significantly decreased and two (GM-CSF and
IL-12 P70) were marginally significantly decreased in OA-EMZL

tears (Table S1 and Fig. 1). Concentrations of the left twenty
cytokines were comparable between two groups (P > 0.05 for
each, Table S1). Of note, the ratio of anti-inflammatory IL-1RA to
the pro-inflammatory IL-1β (IL-1RA/IL-1β) was significantly
increased in the OA-EMZL group (P= 0.016), whereas the IL-10
to IL-6 ratio (IL-10/IL-6) was significantly decreased (P= 0.027,
Fig. 1, Table S1). Unsupervised clustering of the dysregulated
cytokines could separate all 35 subjects into two clusters based on
the patterns of tear cytokine expression (Fig. 2). The cluster A
contained 18 subjects with 14 OA-EMZL eyes (77.8%), while the
cluster B contained 17 cases with ten controls (58.8%), showing a
significantly different distribution (Fisher’s exact test P= 0.041).
Notably, all T3 and 66.7% of T2 cases were classified into cluster A
(Fig. 2).
For the 21 OA-EMZL patients, we performed Spearman’s rank

correlation analyses between the clinical features and the levels of
selected cytokines (i.e. FGF-2, GM-CSF, IL-1RA, IL-2, IL-4, IL-8 and IL-
12 P70). As shown in Table 2, there were moderate negative
associations between age and levels of FGF-2 (rs=−0.44, P=
0.043), GM-CSF (rs=−0.48, P= 0.026), IL-2 (rs=−0.44, P= 0.046),
IL-12 P70 (rs=−0.44, P= 0.047) and IL-10/IL-6 ratio (rs=−0.47,
P= 0.031). Tear concentrations of FGF-2, GM-CSF and IL-2 were all
negatively associated with AJCC T stage (rs=−0.44, −0.49, −0.45,
respectively; P= 0.043, 0.025, 0.042, respectively). Notably, lacri-
mal gland involvement was positively associated with IL-8
elevation (rs= 0.53, P= 0.012), and negatively associated with
FGF-2 level (rs=−0.43, P= 0.049) and IL-10/IL-6 ratio (rs=−0.48,
P= 0.026). We did not observe statistically significant correlations
between any cytokine and gender or the extent of conjunctiva

Fig. 1 Dot plot of tear cytokine levels in patients with extranodal marginal zone B-cell lymphoma of the ocular adnexa as compared with
heathy controls. HC healthy control, OA-EMZL extranodal marginal zone B-cell lymphoma (EMZL) of the ocular adnexa (OA), FGF-2 fibroblast
growth factor-2, GM-CSF granulocyte macrophage colony-stimulating factor, IL-1RA IL-1 receptor antagonist. Differences between groups are
analysed using the nonparametric Mann–Whitney U test. *P < 0.05.
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involvement (all P > 0.05). Similarly, no significant association
between IL-1RA, IL-4 or IL-1RA/IL-1β and any studied clinical
parameters was detected (Table 2).
We plotted receiver operating characteristic curves to assess the

performance of aforementioned indices in OA-EMZL diagnosis. As
demonstrated in Fig. 3, the areas under the curve (AUC) of each
cytokine ranged from 0.69 to 0.72. The ratios of IL-1RA/IL-1β and
IL-10/IL-6 achieved the greatest AUCs in discriminating OA-EMZL
from HC (0.74 and 0.72, respectively, Fig. 3).

DISCUSSION
The discovery of tear cytokine biomarkers could potentially
substantiate their application in diagnosis, and in elucidating
pathogenesis of ocular diseases non-invasively. In this study, we
tested a panel of 27 human cytokines in OA-EMZL tears
compared with healthy individuals. Significant differences were
observed in five cytokines. Among them, the levels of IL-1RA and
IL-8, as well as IL-1RA/IL-1β ratio, were elevated, while levels of
FGF-2, IL-2, IL-4, and the ratio of IL-10/IL-6 were decreased in

OA-EMZL tear fluid. The majority of classical pro-inflammatory
(e.g. IL-1β, IL-6 and TNF-α) and pro-angiogenic factors (e.g. VEGF
and PDGF) were comparable. Moreover, correlation analyses
demonstrated associations between the levels of some cyto-
kines and the tumour stage and the lacrimal gland involvement.
These findings indicated that cytokine-associated inflammatory
and immune mechanisms may be involved in OA-EMZL
pathogenesis.
Given the critical roles of cytokine in mediating host response to

cancer cells, dysregulation of cytokines in biofluids is reflective of
the activity of cancer cells and the interaction with microenviron-
ment. Studies on systemic lymphomas have documented the
significance of serum cytokine as diagnostic or prognostic
biomarkers [20, 21]. In ocular lymphomas, vitreous cytokine
analysis has also been widely used in facilitating primary
vitreoretinal lymphoma (PVRL) diagnosis, showing even higher
sensitivity than vitreal cytology [22]. Herein, we present a novel
analysis on cytokine in tear samples of OAL patients, added novel
evidence on cytokines in the pathogenesis and as diagnostic
biomarkers in lymphomas.

Fig. 2 The heatmap of unsupervised hierarchical cluster analysis showing the tear concentration of seven cytokines and related clinical
features. The samples are represented in columns, and the cytokines represented in rows. Data are normalized as the z-score by each row.
Relatively high and low concentration is indicated as red and blue colours, respectively, as shown in the scale bar. Upper covariate tracks show
the group, T stage (T0–T3), LG involvement and conjunctiva involvement. HC healthy control, OA-EMZL extranodal marginal zone B-cell
lymphoma (EMZL) of the ocular adnexa (OA), FGF-2 fibroblast growth factor-2, GM-CSF granulocyte macrophage colony-stimulating factor, IL-
1RA IL-1 receptor antagonist, LG lacrimal gland.

Table 2. Correlation of tear cytokine concentration with clinical factors in eyes with extranodal marginal zone B-cell lymphoma of the ocular adnexa.

Age Sexa AJCC T stageb Conjunctiva
involvementc

LG involvement

rs P rs P rs P rs P rs P

FGF-2 (pg/mL) −0.44 0.043 0.19 0.412 −0.44 0.043 0.18 0.436 −0.43 0.049

GM-CSF (pg/mL) −0.48 0.026 0.14 0.539 −0.49 0.025 0.20 0.373 −0.37 0.101

IL-1RA (pg/mL) −0.02 0.938 0.27 0.240 −0.18 0.427 0.27 0.241 0.22 0.345

IL-2 (pg/mL) −0.44 0.046 0.20 0.392 −0.45 0.042 0.20 0.374 −0.38 0.093

Il-4 (pg/mL) −0.35 0.125 0.11 0.633 −0.31 0.178 0.18 0.438 −0.29 0.197

IL-8 (pg/mL) 0.22 0.340 −0.06 0.786 0.14 0.557 0.17 0.461 0.53 0.012

IL-12 P70 (pg/mL) −0.44 0.047 0.17 0.453 −0.42 0.061 0.17 0.461 −0.32 0.161

IL-1RA/IL-1β 0.27 0.233 0.09 0.684 0.14 0.535 0.03 0.906 0.30 0.186

IL-10/IL-6 −0.47 0.031 −0.09 0.684 −0.32 0.153 0.15 0.510 −0.48 0.026

N= 21, rs: Spearman’s rank correlation coefficient.
LG lacrimal gland.
aSex is coded as: 0—male, 1—female.
bThe American Joint Committee on Cancer T stage is coded from 1 to 4 corresponding to T1–T4.
cConjunctiva involvement is coded according to the quadrants involved: 0—no involvement, 1—<1 quadrant, 2—1–2 quadrants, 3—2–3 quadrants, 4—> 3
quadrants.
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In our study, we found that IL-8 in OA-EMZL tear samples was
significantly elevated and was positively associated with lacrimal
gland involvement. Studied have documented that upregulation
of IL-8 and its receptors are characterised in cancer cells and
tumour-associated macrophages, exerting regulatory function in
cancer microenvironment. Our finding of IL-8 elevation in OAL
tear sample is well consistent with the existing findings in
systemic lymphomas. For instance, in DLBCL and mantle cell
lymphoma, abnormally elevated serum IL-8 has been reported
and could serve as an independent prognostic predictor for
unfavourable response to treatment, and for inferior event-free
survival [23, 24]. In vitreoretinal lymphoma, IL-8 level was also
elevated in vitreous fluid [25]. Comparable to the findings in

those aggressive lymphomas, the elevation of serum IL-8 was
documented in lower grade gastrointestinal mucosa-associated
lymphoid tissue lymphoma [26], which was similar to our present
results. Taken together, we assume that IL-8 might be associated
with the development of a broad spectrum of B-cell lymphomas;
both low- and high-grade lymphomas could develop and/or
progress in the background of a high IL-8 microenvironment.
Our findings of the increased level of IL-1RA and decreased

levels of several pro-inflammatory factors (IL-2 and IL-4) suggested
an enhanced anti-inflammatory property in OAL microenviron-
ment. IL-1RA naturally functions as an endogenous regulatory
mechanism against IL-1β mediated inflammation and tissue
damage. The balance between anti-inflammatory IL-1RA and

Fig. 3 Receiver operating characteristic (ROC) curves for significantly changed tear cytokines in the diagnosis of extranodal marginal
zone B-cell lymphoma of the ocular adnexa. Areas under the curve (AUCs) of each cytokine, IL-1RA/IL-1β ratio and IL-10/IL-6 ratio range from
0.69 to 0.74. FGF-2 fibroblast growth factor-2, GM-CSF granulocyte macrophage colony-stimulating factor, IL-1RA IL-1 receptor antagonist.
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pro-inflammatory IL-1β potentially could affect carcinogenesis and
tumour progression [27]. IL-1RA upregulation and the imbalance
between IL-1RA and IL-1β have been documented in several
lymphoma subtypes. For example, serum IL-1RA increase was
associated with systemic DLBCL and FL [24]. In PVRL, increased IL-
1RA level was recently detected in vitreous specimens as well [28].
In this study, we demonstrated an elevated level of IL-1RA in the
OA-EMZL tear fluid, which was in agreement with existing
evidence. Considering the increased ratio of IL-1RA/IL-1β, we
postulated that the anti-inflammatory reactions might overweigh
the pro-inflammatory ones in OA-EMZL. As the increased anti-
inflammatory property is often indicative of the inhibition of
macrophage function, so our finding might indicate that OA-EMZL
tumour cells attempt to establish a homeostasis through
dampened local inflammatory reaction.
We surprisingly found that the classical pro-angiogenic factors,

including FGF-2, VEGF and PDGF, were either decreased or
unchanged in OA-EMZL tears. Such cytokines and their receptors
are widely expressed in solid tumour tissues and are often related
to invasive tumour growth and distant metastasis. For example,
expression of FGF-2 was found to be significantly elevated in sera
and tissue specimens of Hodgkin’s and non-Hodgkin’s lympho-
mas. The overall low levels of pro-angiogenic factors in tear
samples might be reflective of the low-grade malignancy and
favourable prognosis of OA-EMZL.
Despite the pronounced differential expression in OA-EMZL

tears, most cytokines were not significantly correlated with the
AJCC T stage except for FGF-2, GM-CSF and IL-2. With greater
tumour stage, there were lower concentrations of those three
cytokines in tears, indicating the synthesis and/or secretion are
inhibited following tumour growth. As for the anatomic site
involvement and cytokine changes, the correlation analysis
implied that the severity of conjunctiva involvement might not
contribute to the alteration of tear cytokines. Of note, invasion of
lacrimal gland might be responsible for the decrease of FGF-2 and
elevation of IL-8. The exact biological mechanism under these
cytokine production remains to be further investigated.
Translationally, our study provides the preliminary evidence

that the tear cytokine profiling can be used as a non-invasive
diagnostic approach for OA-EMZL. It would be interesting to
further investigate its performance in predicting prognostic
outcomes, such as relapse and survival in longitudinal studies.
The therapeutic implications of our findings are also worthy of
investigation. For instance, as IL-8 was significantly elevated in OA-
EMZL tears, local therapy targeting IL-8 or its downstream
signalling pathway might a novel and unexploited option.
Likewise, as several cytokines were downregulated in OA-EMZL
(e.g. IL-2 and IL-4), it is also interesting to assess the benefit of
adding cytokine supplementary to current standard therapy.
Strength of this study is the use of the high throughput and

reliable Luminex technique in tear cytokine profiling. It provided
detailed information of cytokine patterns simultaneously through
analysing minimal volumes of specimen. However, there were
several limitations to be addressed as well. First, all OALs in our
study are of low-grade EMZL subtype. Further research including
more aggressive subtypes is required to confirm our results before
generalization. Second, owing to the small sample size (14 HC
eyes and 21 OA-EMZL eyes), there was inadequate statistical
power allowing subgroup analyses by tumour stage. The
insignificant correlation between tumour stage and increased
cytokines (IL-1RA and IL-8) might probably attribute to the few
participants in the T3–T4 group. Third, molecular genetic analysis
was not conducted for all OA-EMZL patients, thus we could not
correlate the cytokine levels with common translocations and
genetic changes.
In conclusion, our research revealed unique patterns of tear

cytokine from OA-EMZL patients. The concentration of several

cytokines was associated with the tumour stage. This study added
clues to the pathogenesis, and might pave the way for establish-
ing novel therapeutic targets for OA-EMZL. Longitudinal studies
are required to validate the performance of tear cytokine testing
in predicting prognosis, and to evaluate the effectiveness and
efficacy of targeted therapy in OA-EMZL treatment.
Supplemental information is available on Eye’s website.

SUMMARY

What was known before

● Analysing tear cytokine biosignatures has increasingly helped
uncover the pathogenesis of many ocular diseases.

What this study adds

● Multiplex bead array assay revealed that the concentrations of
multiple pro- and anti-inflammatory cytokines in tear fluid
were significantly changed in eyes with ocular adnexal
marginal zone B-cell lymphoma.
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