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Purpose: Interleukin-6 (IL-6) is an important cytokine in the cascade of inflammation and

cancer progression. The aim of this study was to identify IL-6 expression in ocular surface

squamous neoplasia (OSSN) in comparison with non-neoplastic conjunctival tissue.

Methods: Twenty paraffin-embedded tissue sections of conjunctiva from patients with

OSSN including conjunctival intraepithelial neoplasia (CIN) in all grades of severity and

squamous cell carcinoma (SCC) were assessed by immunohistochemistry staining for IL-6.

Twenty non-neoplastic conjunctival sections from age matched patients were selected as the

control group. Tissues with more than one focus of inflammatory cell infiltration were

excluded from the study. The mean area of positive staining was recorded and the intensity

of staining was scored in both groups and compared by statistical methods.

Results: The mean staining area in the dysplasia group was significantly more than non-

neoplastic conjunctival tissue (63.5±25.96 and 30±15.98 percent respectively; P-value of

<0.0001). Nuclear staining was observed in both groups and the difference was not statis-

tically significant.

Conclusion: IL-6 expressed more in the dysplastic group in compare to non-neoplastic

conjunctiva and can therefore be used to diagnose dysplastic state of the conjunctiva;

however, in our study, intensity of staining does not correlate with the severity of dysplasia

statistically; most probably because of a low sample size in each category. The role of

nuclear staining is not clear. Our findings can be an introduction toward targeted treatment of

ocular surface neoplasia by the aim of newer anti-IL agents. Further investigation is needed.

Keywords: interleukin-6, squamous cell carcinoma, dysplasia, conjunctival intraepithelial

neoplasia

Introduction
Cytokines and chemokines are known for their essential role in inflammation.1

They are also found to contribe to cancer development2 by interfering in apoptosis,

cell growth and differentiation as well as angiogenesis. It was previously shown

that interleukins (ILs) such as IL-1, IL-6, IL-8, and IL-18 play roles in the different

cascades that cause cancer.2–6

IL-6 is a multifunctional cytokine that was first identified for its role in

differentiating B lymphocytes from plasma cells. In adjunct with IL-1, IL-6 is

responsible for inducing an acute phase of inflammation;5 on the other hand, it

has a role in cancer transformation6 and an increased serum level of IL-6 is

considered to be a poor prognostic marker in gastric, renal, and ovarian cancers.1,3

It is also a reliable biomarker in determining the recurrence and prognosis in the

neoplasms of the head and neck region.3
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Ocular Surface Squamous Neoplasia (OSSN) is a term

for identifying the spectrum of diseases that involve the

corneal or conjunctival epithelium with dysplasia.7 There

are several risk factors for OSSN, such as ultraviolet

exposure, human papilloma virus types 16 and 18, and

smoking.8 To aid the understanding of the pathophysiol-

ogy of OSSN, there are other researches focusing on

limbal stem cell markers; research by Jongkhajornpong

et al9 for example, showed that up regulation of ABCB5

(which is an ATP-binding cassette superfamily member)

might lead to transformation towards OSSN.

The role of IL-6 in the neoplasms of conjunctiva and

cornea has not been elucidated completely. In a study by

Di Girolamo10 on pterygia, it was disclosed that IL-6 has a

role in induction of matrix metalloproteinases after expo-

sure to UV light. Up regulation of IL-6 was also observed

in the corneal stromal cells after exposure to UV light.11

In this study, we aim to discover whether there is any

increase in expression of this cytokine in the sample tis-

sues with OSSN in comparison to non-neoplastic conjunc-

tiva, which may help to find a possible mechanism

involved in dysplasia, and later on to establish new insight

into the treatment of dysplastic states of the conjunctiva

and cornea by targeting certain cytokines.

Method
The protocol for use of human tissue samples was in accor-

dance with the ethical regulations of the hospital and

approved by the Ethics Committee of Shiraz University of

Medical Sciences. In order to conduct research activities,

written informed consent for use of archived tissue samples

were taken from patients when the specimen is received by

the laboratory. The age and sex of patients were recorded

based on the data available on the pathology report sheets.

Twenty paraffin-embedded tissue blocks of patients

with OSSN and twenty tissue blocks of non-neoplastic

conjunctival tissue were retrieved from the archive of the

ocular pathology laboratory at Khalili Hospital, Shiraz,

Iran.

Light microscopic assay
Histologic tissue sections of conjunctival biopsies with the

diagnosis of dysplasia were examined by conventional

light microscopy. All diagnoses were re-confirmed through

slide review. Grading of dysplasia was made based on

cellular atypia and the amount of thickness involvement.

Conjunctival intra epithelial neoplasia (CIN) was graded

as mild, moderate, or severe according to the thickness and

degree of cellular atypia; according to the standard

protocol.12 In all three grades, cells with atypia are

restricted by the basement membrane. Full thickness cel-

lular atypia was considered as carcinoma in situ. If atypi-

cal cells invaded the basement membrane layer, the lesion

was considered as invasive squamous cell carcinoma

(SCC). Non-neoplastic conjunctival tissues (mainly ptery-

gium samples) were included as controls. In order to avoid

any confounding effect, tissues with more than one focus

of inflammation were excluded from both groups and

replaced by new samples.

Immunohistochemistry staining
Staining protocol was driven from the antibody supplier

company (https://docs.abcam.com/pdf/protocols/ihc-immu

nostaining.pdf) with slight modifications.

Five micrometer-thick tissue sections were cut from

paraffin-embedded tissue blocks and handled for immuno-

histochemistry staining. Samples were rehydrated by being

passed through descending concentrations of alcohol baths

and water (100%, 90%, 75%). Sections were subjected to

antigen retrieval by heating. Incubation in 0.05 H2O2 was

done to block endogenous peroxidase activity.

Then, sections were washed in PBS and incubated with a

blocking antibody (goat serum in Tris buffered saline). A

primary antibody was added (anti IL-6 antibody; ab 9324

abcam, Cambridge, UK in 1:250 dilution) and kept overnight

at 4 °C. After that, sections were washed and incubated with

Horseradish peroxidase (HRP) conjugated with a secondary

antibody (1:500 dilution) for 45 minutes. Chromogenic reac-

tion was checked with Diaminobenzidine. Finally, slides

were counterstained with hematoxylin and examined under

the light microscope.

Microscopic assay of antibody-labeled

sections
Sections were examined under the BX41 Olympus light

microscope. Images captured from four different fields

containing squamous epithelium by the aid of the DP12

camera attached to the microscope and navigated by

AnalySIS LS Starter software. Areas that were stained

brown with chromogranin, were scored based on the inten-

sity of cytoplasmic or nuclear staining and the percentage

of the positive cytoplasmic area from the average of four

microscopic fields at a fixed magnification of ×400.

Nuclear staining was recorded by averaging the number

of positive nuclei in four microscopic fields at a fixed
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magnification of ×400. Cytoplasmic and nucleus staining

was graded based on the intensity (0, +1, +2, +3).

Statistical analysis
Data were analyzed with SPSS version 23. The expression

of IL-6 in OSSN and non-neoplastic tissues was compared

using Fisher’s Exact Test. The Mann-Whitney U-Test was

used to compare the percentage area of cytoplasm stained

in the groups under the study (calculation was made sepa-

rately for each set of staining intensity). P-values of less

than 0.05 were considered to be statistically significant.

Results
The age range of selected patients was 35- to 68-years-old

in the disease group and control samples were selected

from the same age range. The male to female ratio was

1.77 in the disease group and 1.65 in the control group.

Overall, the mean of epithelial cytoplasmic staining area

for IL-6 in the control and OSSN groups were 30±15.98 and

63.5±25.96percent and therefore, was considerably more in

OSSN (P-value<0.0001). Nuclear staining was also signifi-

cantly more in OSSN compared to the controls (P-value of

<0.003). The cytoplasmic staining grade in OSSN group was

mainly +3 while it was 0 and +1 in most cases of the control

group. Table 1 shows the intensity of cytoplasm and nuclear

staining among OSSN and control groups.

Considering the subgroups in OSSN (CIN I, II, III and

SCC), even though the cytoplasm and nucleus stained

more intensely in higher grades of dysplasia in comparison

with lower grades, the difference was not statistically

significant (P-value: 0.766 for nuclear staining and and

0.079 for cytoplasm). The related data is presented in

Table 2.

Figure 1A–F show that the cytoplasmic staining inten-

sity for interleukin-6 in control samples is less than the

OSSN group. Intense nuclear staining is observed in dys-

plasia cases as well as in one case among the control group

(Figure 2A–D).

Discussion
In this study, we have shown that the expression of IL-6 is

higher in the dysplastic tissue of the ocular surface com-

pared to non-neoplastic samples At the time of writing,

many different characteristics of IL-6 have been described

in cancer. For example, a high serum level of IL-6 was

observed in patients with lymphatic, bladder, and renal

cancer.13

The function of IL-6 is highly dependent on the cell

type; since it goes through different signaling pathways

based on the cell characteristics;14 for example, it has an

accelerating effect on cell growth in multiple myeloma,

while it seems to have inhibitory effect on cell growth in

breast and lung cancer.15

Levels of IL-6 rise in some chronic inflammatory con-

ditions as well, which ultimately might lead to unexpected

cell growth and progression to cancer.16 It has also been

revealed that the IL-6 level is significantly higher in a

cancerous bladder rather than cystitis and therefore, can

be used as a differentiating marker.17,18

The function of this protein in tumors is assumed to be

conducted by interfering with apoptosis pathway. IL-6 is

secreted from cancerous cells, which may induce or inhibit

apoptosis via paracrine or autocrine mechanisms.19 On the

other hand, IL-6 and its target molecule STAT3, play an

essential role in promoting angiogenesis in some cancer-

ous tissue, especially in cervical cancer.20 The role of IL-6

has been identified in many other epithelial tumors, such

as ovarian cancer21 and some head and neck tumors;3,14

however, to the best of our knowledge, there is no pub-

lished data on its significance in ocular surface neoplasms

and our study revealed a possible role for this cytokine. In

the study by Di Girolamo10 on pterygia, superficial epithe-

lial cells at the head of pterygium showed moderate

expression of IL-6 but the expression was minimal or

absent at basal epithelium. Even though Di Girolamo did

not include dysplastic cases, the study reported that invad-

ing squamous cells showed intense staining,10 which is in

accordance with our findings. Induction of angiogenesis,

Table 1 Immunohistochemical staining for interleukin-6 in cyto-

plasm and nucleus in non-neoplastic and ocular surface squamous

neoplasia (OSSN) tissues. Note that the most intense staining

(+3) in either cytoplasm or nucleus was observed in OSSN cases

Group

Staining

intensity

OSSN N (%) Control

N (%)

P-Value

Cytoplasm 0 0 3 (15) <0.0001

+1 3 (15) 14 (70)

+2 7 (35) 3 (15)

+3 10 (50) 0

Nucleus 0 1 (5) 4 (20) <0.003

+1 4 (20) 9 (45)

+2 6 (30) 6 (30)

+3 9 (45) 1 (5)

Total 20 (100) 20 (100)

Note: N, number of samples.
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proliferation of epithelium and anti-apoptotic properties of

cytokines are the proposed mechanisms involved.22–24

Traditionally, planning for the treatment of OSSN is

based on the size of lesion and stage of the tumor. Surgical

excision is the conventional treatment for localized lesions;25

however, large or diffused lesions cannot be excised due to

complications, such as limbal stem cell deficiency.1 Primary

topical chemotherapy with interferon alpha or mitomycin C

is considered for large or diffuse lesions.1,25 Sometimes, a

combination of surgery and chemotherapy is needed.

Nevertheless, recurrence rate with any modality of treatment

is still high1,26 and targeted immunotherapy like blocking

cytokines can be an area for further investigation.

IL expression also may be used to determine prognosis;

as has been suggested in head and neck tumors.3

According to our study, cytoplasmic staining can be a

marker to differentiate between dysplasia and epithelial

hyperplasia. Significance of nuclear staining is not clear

since we observed it in non-neoplastic conjunctiva as well,

especially in basal epithelial cells. The mechanisms of

Table 2 Staining distribution in the nucleus and cytoplasm in different grades of dysplasia

Staining Histology CIN I CIN II CIN III SCC P-value

Nucleus 0.766

0 0 0 1 0

+1 0 1 1 2

+2 2 1 0 3

+3 1 3 2 3

Cytoplasm 0.079

0 0 0 0 0

+1 1 1 1 0

+2 2 2 2 1

+3 0 2 1 7

Figure 1 (A–F) H&E versus Immunohistochemistry stainings for interleukin-6 in samples of OSSN and conjunctival tissue. (A, B): Non-neoplastic conjunctiva; (C, D): Conjunctival

intraepithelial neoplasia Grade III: note the positive cytoplasmic staining; (E, F): Squamous cell carcinoma shows strong positive staining. Scale bar is 100 µ.

Abbreviations: H&E, hematoxylin and eosin; OSSN, ocular surface squamous neoplasia.
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signaling may include direct action of IL-6 on nuclear

structures rather than the previously explained IL-6/

STAT3 signaling and myoferlin.27,28

In conclusion, cytoplasmic IL-6 staining can merely

identify the invasive lesions from the non-neoplastic

state; however, the intensity of staining in our study failed

to correlate with the severity of dysplasia. The inability to

show the association between the intensity of cytoplasmic

staining with the severity of dysplasia in our study might

be due to the small sample size in each category. Larger

sample sizes are needed to show the correlation, if any.

Our findings may also be helpful in terms of finding

new targeted treatments in OSSN, especially in diffuse and

recurrent lesions that do not responsd to the available

chemotherapeutic agents.

Abbreviations
IL, Interleukin; OSSN, Ocular surface squamous neopla-

sia; CIN, Conjunctival intra epithelial neoplasia.
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