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Background: Nuclear factor 90 (NF90), one of the double-stranded RNA binding proteins (DSRBP),
is involved in many cellular biological processes, includes cell proliferation, differentiation, angiogenesis,
cell cycle and immunity. However, its role in nasopharyngeal carcinoma (NPC), and the significance of
expression in clinics, remains unknown. The aim of this study was to uncover the relationship between the
NF90 expression by immunohistochemistry (IHC) and clinical outcomes in NPC patients.

Methods: We retrospectively detected the NF90 expression in 216 NPC specimens by IHC. The cutoff
value of NF90 was evaluated using receiver operating characteristic (ROC) curve, the prognostic value of
NF90 in NPC was evaluated by Kaplan-Meier and cox multifactor statistical model.

Results: Elevated expression of NF90 was found in 60.2% (130/216). Positive correlation was found
between NF90 expression and clinical stage (P=0.018), T stage (P=0.004), and therapy (P=0.020). Over-
expression of NF90 predicted favorable progression-free survival (PFS) (P=0.017) and overall survival (OS)
(P<0.001) in NPC. Further analysis suggested that the level of NF90 expression was an independent risk
factor in NPC prognosis.

Conclusions: These results demonstrate, for the first time, that decreased expression of NF90 is an
independent biomarker of worse prognosis for NPC patients, and is a great potential tool for screening the

high-risk population for advanced NPC patients.
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Introduction as Southern China, undifferentiated non-keratinizing

carcinoma, the major histopathological type, accounts for
Nasopharyngeal carcinoma (NPC), known as Cantonese most cases (>95%) and is invariable correlated with Epstein-
Cancer, is one of the most prevalent malignance in Southern Barr virus (EBV) infection (3-5). It distinguishes other

China and Southeast Asia (1,2). In endemic regions, such head and neck carcinomas from epidemiology, symptoms,
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biological markers, and prognostic variables (6). Although
living habits, environmental factors, EBV infection, genetics
and other oncogenic factors have been reported closely
associated with the tumorigenesis of NPC, the precise
etiology of NPC is still elusive (6). Radiotherapy is still
regarded as the primary and curative therapeutic strategy
for NPC, especially for intensity-modulated radiotherapy
(IMRT) and chemo-radiotherapy, which partly attribute to
disease control and survival improvement (1,7). Nevertheless,
distant metastasis often occurs even after curative chemo-
radiotherapy and contributes to cancer-related mortality. So
far, clinical therapeutic design and prediction have been made
almost depending on tumor node metastasis (TINM) staging
classification. However, it often exhibits completely different
prognosis between the same anatomic-based stage NPC
patients, which probably attribute to inherent biological
heterogeneity of the tumors. Therefore, there would be a
pressing need to seek for special molecular biomarkers, which
could critically screen high-risk population of recurrences by
combining TNM staging system.

Nuclear factor 90 (NF90), known as DRBP76, is a
double-stranded RNA binding proteins (DSRBP), which
was originally found as a post-transcriptional regulator
of interleukin-2 (IL-2) promoter (8). It is conserved in
vertebrates, and is transcribed from the interleukin enhancer-
binding factor-3 (ILF3) gene (9). It has been suggested that
NF90 participates in a series of cellular biological processes,
such as cell proliferation, differentiation, angiogenesis,
cell cycle and immunity (10-14). In human normal tissues,
high expression of NF90 were observed in brain, testis,
and thymus, instead, lowly expressed in lung, spleen,
skeletal muscle, and liver (12,15-17). Furthermore, NF90
increasingly plays important role in regulating tumorigenesis.
Nuclear NF90 overexpression have been reported in many
malignancies, including NPC, non-small cell lung cancer,
hepatocellular carcinoma, ovarian cancer, breast cancer,
cervical cancer and so on (13,18-22). However, the clinical
significance of NF90 expression for NPC patients remains
unclear and needs to be uncovered. Thus, in this study, NF90
expression was detected by using immunohistochemistry
(IHC) staining in two hundred and sixteen NPC biopsies.
The association between NF90 expression and patient
clinical variables was investigated, whether expression of
NF90 would be a prognostic biomarker for patients of NPC.
We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
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Methods
Patients selection

We retrospectively enrolled 216 NPC patients from
the Department of Radiation, Sun Yat-sen University
Cancer Center, between October 1998 and April 2012.
The definitions of NPC patient tumor histopathology
and clinical stage were according to the 8" edition of the
TNM Staging system of American Joint Committee on
Cancer (AJCC). The recruitment criteria are as follows:
(I) newly diagnosed (incident) NPC without receiving
any anti-cancer therapy; (II) pathological diagnosis
of undifferentiated non-keratinizing carcinoma; (III)
paraffin-embedded tissue specimens were available for
IHC staining analysis; (IV) complete clinical and follow-
up information. All patients were follow-up ended in
June 2018 to ascertain survival status. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
Institute Research Medical Ethics Committee of Sun
Yat-sen University Cancer Center (GZR2019-075). No
informed consent (written or verbal) was obtained for use
of retrospective data from the patients within this study,
most of whom were deceased, since this was not deemed
necessary by the Ethics Committee, who waived the need
for consent. All samples were anonymized.

IHC staining

IHC staining was conducted according to the guidelines
of Envision method. Paraffin sections rehydrated
through graded alcohols. Firstly, slides were using 0.3%
hydrogen peroxide for 15min blocking the activity of
endogenous peroxidase activity, and then were boiled in
citrate buffer (pH 6.0) for 3 min in a pressure cooker.
Nonspecific binding was blocked with 5% BSA for
15 min. Subsequently, the slides were incubated with
anti-NF90 at a dilution of 1: 600 [a mouse monoclonal
antibody to NF90 (21): sc-136197, Santa Cruz] for
50 min at 37 °C. Lastly, immunostaining detection was
followed by incubating the secondary antibody (Envision,
Dako, Denmark) for 30 min at 37 °C, and stained with
3,3-diaminobenzidine (DAB). A normal rabbit IgG was
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used for a negative control.

Immunoreactivity score (IRS) assessment

The IRS of NF90 expression was performed by two
independent pathologists (JF and YL). IRS was based on the
staining intensity and scope (0-300 scores). The intensity
score was defined: negative [0], weak [1], moderate [2], and
strong [3]; and the scope score was defined: counter the
percentage in 5% increments from 0 to 100% by taking
5 fields in every slide. The detailed scoring criteria were
described previously (23). In this study, the slides would be
reexamined by the third pathologist if the different scores
between observers.

Statistical analysis

Statistical analysis was carried out with SPSS software
(SPSS Standard version 16.0, SPSS, Chicago, IL, USA).
The NF90 IRS cutoff value is calculated by the receiver
operating characteristic (ROC) method. The correlation
of NF90 expression with NPC patient clinicopathologic
parameters was evaluated by the Pearson-Chi-square test. A
binary logistic regression model was applied for the analysis
of variables correlating with NF90 expression. Progression-
free survival (PFS) was defined as the time from receiving
anti-cancer therapy to local relapse or distant metastasis.
Opverall survival (OS) was defined as the time from receiving
anti-cancer therapy to cancer-related death. The survival
curves of PFS and OS were plotted by Kaplan-Meier
method and compared by the log-rank test. Multivariate
survival analysis was conducted on all parameters that were
found to be significant on univariate analysis using the
Cox regression model. All P value <0.05 were regarded as
statistically significant.

Results
Patient characteristics

Fifty-five females and 161 males were included in our
study, aged from 11 to 77 (median 46.0 years). The detailed
clinicopathological characteristics of all 216 NPC patients
were shown in Tuble 1.

Definition of NF90 IRS cutoff value

IRS cutoff value was calculated by using ROC curve
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analysis, which was defined as approximated to the maximal
sensitivity and specificity, and divided NF90 expression
patients into two groups. In our study, the sensitivity and
specificity for each clinicopathological feature were plotted
(Figure 14,B,C,D,E,F). Survival status was used as the best
state variable, the result showed that the IRS 170 was the
cutoff value (Figure 14, P=0.005); expression surpass this
value was considered high, conversely, low.

Expression of NF90 in NPC

In this study, NF90 staining of nasopharyngeal cancer
tissue was detected in nuclei primarily as described in
Figure 2. Using the above criteria, high expression of
NF90 was checked in 60.2% (130/216), while low level
expression of NF90 was observed in 39.8% (86/216)
(Table 1). The relationship between clinicopathologic
characteristics and NF90 expression levels of the whole
cases was listed in Tzble 1. The expression of NF90
correlated closely with T stage (P=0.004), therapy
(P=0.020) and clinical stage (P=0.018). No significant
association was observed between NF90 expression and
gender, age, N stage, M stage and relapse.

NF90 expression and clinicopathological characteristics
and survival

In the present study, all of the 216 NPC patients were
followed up. The median follow-up period was 70.0 months
(2-236 months), with 130 (60.2%) deceased and 86 still
alive. The 5-year progression-survival rate and overall-
survival rate for the whole cases were 64.8% and 79.7%,
respectively. Then we calculated the different parameters by
univariate survival analysis. These results showed that these
variables were strongly associated with OS: gender (7able 2,
P=0.009), age (Tuble 2, P=0.018), clinical stage (Table 2,
P=0.006, Figure 3), T stage (Table 2, P=0.03, Figure 3),
N stage (Table 2, P=0.038, Figure 3), M stage (luble 2,
P<0.001), Relapse (1able 2, P<0.001, Figure 3), and NF90
expression (Table 2, P<0.001), but insignificant relationship
was observed between therapy and OS (Table 2, P=0.785).
Patients with high expression of NF90 showed more
favorable PFS and OS than those with low expression
(P<0.05, Figure 3).

In subgroup survival analysis, NFO0 expression can
distinguish PFS/OS from stage III + IV patients (P<0.001,
Figure 4), but not observed in stage I + II stage patients
(P=0.534, Figure 4). The same results also were found in T'1
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Table 1 Correlation between the NF90 expression and clinicopathological variables in 216 patients with NPC

Expression of NFO0

Variables
All Low, n (%) High, n (%) P value
Gender 0.774
Female 55 21(38.2) 34 (61.8)
Male 161 65 (40.4) 96 (59.6)
Age 0.075
<46 109 37 (33.9) 72 (66.1)
>46 107 49 (45.8) 58 (54.2)
Clinical stage 0.018
Il 39 9 (23.1) 30 (76.9)
n-v 177 77 (43.5) 100 (56.5)
T stage 0.004
T1+T2 75 20 (26.7) 55 (73.3)
T3+ T4 141 66 (46.8) 75 (53.2)
N stage 0.081
NO 37 10 (27.0) 27 (73.0)
N1+ N2 + N3 179 76 (42.5) 103 (57.5)
M stage 0.268
MO 201 78 (38.8) 123 (61.2)
M1 15 8 (53.3) 7 (46.7)
Relapse 0.644
Yes 64 27 (42.2) 37 (57.8)
No 152 59 (38.8) 93 (61.2)
Therapy 0.020
Regimen 1? 62 21(33.9) 41 (66.1)
Regimen 2° 80 27 (33.8) 53 (66.2)
Regimen 3° 33 13 (39.4) 20 (60.6)
Regimen 4° 41 25 (61.0) 16 (39.0)

Age: mean age; ?, radiotherapy; °, chemoradiotherapy; °, radiotherapy + induce; ¢, chemoradiotherapy + induce. NF90, nuclear factor 90;
NPC, nasopharyngeal carcinoma.

+ T2 (P=0.015, Figure 4), T3 + T4 (P<0.001, Figure 4) and found that these variables correlated significantly with
N positive patients (P<0.001, Figure 4). OS: gender, age, T stage, N stage, M stage and NF90
expression. Further, we observed that the significant and
independent prognostic factors were age, gender, M stage
and NF90 expression (i.e., OS) (RR =1.770, P=0.031;
Univariate analysis using Cox’s proportional hazard model RR =2.342, P=0.028; RR =2.833, P=0.004; RR =0.288,

Independent prognostic factors for NPC patients
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Figure 1 ROC curve analysis was employed to determine the cut-off value for high NF90 expression in NPC. The sensitivity and specificity
for each outcome were plotted: (A) survival outcome, (B) T stage, (C) N stage, (D) M stage, (E) relapse, (F) clinical stage. ROC, receiver
operating characteristic; NF90, nuclear factor 90; NPC, nasopharyngeal carcinoma; AUC, area under the ROC curve.

Figure 2 THC staining of NF90 expression in NPC tissues: negative expression (A) (x10), (E) (x20); low expression (B) (x10), (F) (x20);
moderate expression (C) (x10), (G) (x20); strong expression (D) (x10), (H) (x20). NF90, nuclear factor 90; NPC, nasopharyngeal carcinoma.
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Table 2 Univariate survival analysis of different prognostic factors in 216 patients with NPC

Variables All cases Mean survival (months) Chi-square value P value

Gender 6.738 0.009
Female 55 161.84
Male 161 156.8

Age 5.555 0.018
<46 109 182.32
>46 107 140.30

Clinical stage 7.541 0.006
Il 39 188.17
11\ 177 158.52

T stage 4.722 0.030
T1+T2 75 186.47
T3+ T4 141 130.48

N stage 4.29 0.038
NO 37 196.22
N1+ N2 + N3 179 133.57

M stage 14.547 <0.001
Mo 201 174.58
M1 15 70.91

Relapse 43.074 <0.001
Yes 64 105.87
No 152 199.44

Therapy 0.074 0.785
Regimen 1 62 160.71
Regimen 2 80 123.21
Regimen 3 33 133.88
Regimen 4 41 168.05

Expression 31.618 <0.001
Low 86 91.66
High 130 190.58

NPC, nasopharyngeal carcinoma.

P<0.001 respectively, Table 3).

Discussion

NF90, also known as DRBP76 or NFARI1, has been

reported functions in many cellular processes, including

© Translational Cancer Research. All rights reserved.

immunity, cell proliferation, differentiation, angiogenesis,
cell cycle regulation, and DNA-break repair (10-14,24,25).
Up to now, many studies have also demonstrated NF90
participation in oncogenic processes, including NPC, non-
small cell lung cancer, hepatocellular carcinoma, ovarian
cancer, breast cancer, cervical cancer and so on (13,18-22).
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Table 3 Results of univariate and multivariate survival analyses for OS according to the Cox Regression Model
Univariate survival analysis Multivariate survival analysis
Variables
HR 95% ClI P value HR 95% ClI P value
Age (>46 vs. <46) 1.818 1.097-3.015 0.020 1.770 1.053-2.974 0.031
Gender (male vs. female) 2.575 1.225-5.414 0.013 2.342 1.096-5.004 0.028
Tstage (T3 + T4 vs. T1 + T2) 1.840 1.051-3.220 0.033 1.615 0.909-2.867 0.102
N stage (N1 + N2 + N3 vs. NO) 2.245 1.021-4.939 0.044 2.253 0.978-5.188 0.056
M stage (M1 vs. M0) 3.471 1.753-6.872 <0.001 2.833 1.382-5.804 0.004
Therapy (regimen 4/3/2 vs. regimen 1) 0.804 0.479-1.350 0.409 - - -
NF90 expression (high vs. low) 0.247 0.146-0.416 <0.001 0.288 0.168-0.492 <0.001

OS, overall survival; HR, hazard ratio; Cl, confidential interval; NF90, nuclear factor 90.

However, the clinical status of NF90 and potential
prognosis in NPC patients remains unknown. In this
study, we found NF90 expression was predominantly in
the nucleus and the upregulation of NF90 in NPC by
using THC staining method. These results were consistent
with those previous reports in lung cancer, hepatocellular
carcinoma, etc. (13,18-22). Interestingly, in human
normal tissues, high expression of NF90 protein was
observed in undifferentiated tissues. But in our enrolled
NPC specimens, the histopathological type was almost
undifferentiated non-keratinizing carcinoma, also highly
expressed NF90. This phenomenon suggests that NFOO
may involve in regulation cellular differentiation of NPC,
the mechanism needed to be further explored.

To verify the significance of NF90 protein in NPC,
we choose an objective cut-point by ROC curve analysis.
Further analysis showed that high level of NF90 expression
was correlated with clinical stage, advanced T stage and
therapy. More importantly, elevated NF90 expression was
a strong and independent parameter in predicting OS
advantage by log-rank test and Cox regression method.
Moreover, in subgroup analysis, NF90 expression could
distinguish high risk of disease progression from advanced
clinical stage NPC patients, especially for stage III and IV.
Taken together, in our present study, these findings suggest
that high expression of NF90 may be a protective factor
from NPC progression and play a critical role of suppressor
in NPC tumorigenesis. However, in hepatocellular
carcinoma, repression of NF90 retards the cell-cycle
progression, restricts cell proliferation, and sensitizes cancer
cells to cyclin-dependent kinase (CDK) inhibitor, which
attributes to NF90 bounding to CyclinEl mRNA (26).

© Translational Cancer Research. All rights reserved.

And in cervical cancer, NF90 promotes tumorigenic
capacity via PI3K/Akt signaling pathway in vive (22). In
breast cancer, nuclear up-regulation of NF90 was closely
correlated with higher histopathologic grades, but not
with OS (21). These findings imply that over-expression
of NF90 may be associated with progression in certain
cancers, which was inconsistent with these results of present
study in NPC. Nevertheless, previous study has found
NF90 was involved in host anti-viral mechanism, which
exerts its antiviral activity through modulation of PKR
phosphorylation (27). Besides, NF90 has been found to be
dispensable for IL-2 upregulation via one of the protein
kinase C (PKC) activators stimulation, which was capable
of driving the expansion of activated T cell population,
especially for CD8+ T cells (28,29). As we know, NPC,
especially for the type of undifferentiated non-keratinizing
carcinoma, is closely associated with the EBV infection.
And previous clinical studies have reported plasma EBV
DNA level independently predict clinical outcomes for
NPC patients (30). Thus, we speculate that high expression
of NF90 in NPC could exert its dual effects by anti-virus
and T cell activation, and suppose that NF90 is likely to be
one of the important immunity activator involved in NPC
development. Further studies are required to precisely
demonstrate the potential function of NF90 in NPC
pathogenesis.

Radiotherapy has been well-known as the optimal
treatment for NPC patients, and TNM staging has been
recognized as the most precise prognostic factor for clinic
therapeutic decision. Even though the patients with the
same TNM stage received the same treatments, their
outcomes differed widely. Hence, it is urgent need for
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effective predictors of radiation to make individualized
therapy. In this study, NF90 expression was found to be
closely associated with PFS and OS in NPC patients.
Moreover, NF90 high expression for the same stage
NPC patients, were at lower probability of recurrence or
metastasis.

There are also some limitations in our study. Firstly, it is
a retrospective study, required further prospective studies
to verify these findings. Besides, the cases enrolled are
only from one single institution might cause choosing bias.
Lastly, the specimens were all biopsied may not enough for
representing the gross tumors.

In conclusion, NF90, the expression examined by IHC,
may serve as a new prognostic biomarker for NPC patients,
and a great potential tool for screening the high-risk
population for advanced NPC patients.
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for consent.
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