
Abstract. Background: Y-Box-binding protein-1 (YB-1) acts
as a transcription factor for multiple genes and is linked to
DNA replication and repair, cell proliferation and resistance
to cytostatic drugs. Patients and Methods: The prognostic
value of YB-1 expression in primarily untreated malignant
non-Hodgkin’s lymphomas (NHLs) was examined using
immunohistochemistry. Results: Expression of YB-1 was
detected in 48 out of 56 NHLs, and the immunohistochemical
reaction was localized exclusively in the cytoplasm.
Expression of YB-1 did not correlate with clinicopathological
variables. Patients with higher YB-1 expression had shorter
progression-free survival during the entire period of
observation (p=0.0434), as well as in the course of 30
months’ observation (p=0.0253). Additionally, in the course
of 50 months’ observation, patients with higher expression of
YB-1 demonstrated a shorter overall survival time
(p=0.0383) and a shorter progression-free survival
(p=0.0309). Conclusion: Elevated YB-1 expression may
represent a new unfavorable prognostic factor.

Malignant non-Hodgkin’s lymphomas (NHLs) comprise a
non-uniform group of lymphoid system tumors which exhibit
clonal proliferation of lymphoid cells, corresponding to
various stages of differentiation of their normal equivalents

(1). In the 1970s and 1980s incidence of NHLs increased by
3-4% per year to become stable in the 1990s. Nevertheless,
at present, the incidence continues to grow by 1-2% per year
(2). In respect to incidence and mortality, the disease takes
the sixth place among malignant tumors. Prognostic
indicators may be related to the histopathological features of
the tumor, to the patients age, to biological charactersistics
of the tumor (stage, histopathological type, mitotic activity,
immunophenotype and karyotype of lymphoma cells) and the
extent of patient’s adaptation to the neoplastic disease
(general condition, anemia, plasma albumin level, level of
cytokines and of their receptors) (3, 4).

In all cases of NHL, the crucial method of treatment
involves chemotherapy. For this reason, the phenomenon of
multidrug resistance (MDR) to cytostatic drugs represents
the main cause of therapeutic failures in this group of
patients. As yet, no predictive panel of factors has been
established which can predict sensitivity of individual
patients to chemotherapy and help to choose the potentially
most effective cytostatic drugs. Exposure of tumor cells to
ineffective drug induces expression of proteins responsible
for MDR (e.g. P-glycoprotein, P-gp) and reduces the chance
for response to other potentially effective drugs used in
subsequent courses of chemotherapy.

Human YB-1 protein belongs to the family of DNA-
binding proteins which contain the highly conservative cold
shock domain (CSD) recognizing the inverse sequence of
CCAAT, termed the Y-box (5-8). YB-1 is a multi-functional
protein, recognizing both single- and double-stranded DNA,
and specific and non-specific sequences of RNA. It plays an
important role in metabolic processes of the cell: it controls
gene expression at the transcription and translation levels,
modulates chromatin in the course of DNA replication, and
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is involved in signaling pathways of oxidation and reduction,
in proliferation and cell growth, as well as in control of
responses to stress (9). YB-1 has been proven to participate
in DNA repair, directly binding to proliferating cell nuclear
antigen (PCNA) or interacting with other proteins linked to
DNA repair (5). 

The YB-1 protein can also play a role in the MDR
phenomenon. The reverse sequence of CCAAT has been
shown to be present in the promoter region of MDR1 gene.
Increased expression of the MDR1 gene coding for P-gp in
response to DNA-damaging agents may result from
augmented interaction of YB-1 with Y box of MDR1
promoter sequence. Studies on the clinical significance of
YB-1 expression demonstrated that both nuclear and
cytoplasmic localization of YB-1 revealed a relationship
between expression of MDR1 in breast cancer and in
osteosarcoma (10-13), and between expression of PCNA and
topoisomeraze II α in colorectal carcinoma (14). Kamura et
al. (15) reported that patients with nuclear localization of
YB-1 had a less favorable prognosis compared to patients
without nuclear expression of YB-1 in serous ovarian
adenocarcinomas. The role of YB-1 in NHLs remains
unexplained.

Our study aimed at examination of the prognostic value of
immunohistochemical expression of YB-1 in the formalin-
fixed and paraffin-embedded samples from a heterogeneous
group of NHLs.

Patients and Methods

Patients. Immunohistochemical analysis was performed retrospectively
on samples of tissues sent for routine diagnostic studies in the
Department of Pathomorphology, Wroclaw Medical University, in
1994-2003, obtained from patients treated in the Department of
Haematology, Blood Neoplasms and Bone Marrow Transplantation,
Wroclaw Medical University. A group of 56 previously untreated
patients with NHL (Table I) was included in the studies, including 52
cases of lymph node tumors and 4 cases of extranodular tumors. In 49
cases, B-cell lymphomas were diagnosed; in 5 cases the lymphomas
originated from T-cells. Clinical advancement of the disease was
classified according to the Ann Arbor scale. The group of lymphomas
manifesting low malignancy included 26 cases (14 women and 12
men), and there was moderate malignancy in 27 cases (9 women and
18 men) and high malignancy lymphoma in only one case was. In two
cases, documentation on the course of the disease was incomplete. The
study was approved by an Institutional Review Board.

All the patients were subjected to chemotherapy and
radiotherapy and subsequently were monitored by periodic medical
check-ups. During the follow-up, 7 patients (14%) demonstrated
relapse, 31 patients (62%) showed progression and 25 patients died
(50%). The mean progression-free survival amounted to 32 months
(ranging from 1 to 102 months), while the mean duration of
relapse-free survival was 40 months (ranging from 1 to 102
months). According to the International Prognostic Index (IPI) (16),
the age of the patients, stage, serum lactic dehydrogenase (LDH)
level, functional efficiency and number of extranodular sites

involved in the disease were taken into account to divide the
patients into four risk groups: low, moderately low, moderately
high and high risk. 

Tissue samples were fixed in 10% buffered formalin and
embedded in paraffin. In each case, hematoxylin and eosin stained
preparations were subjected to histopathological evaluation by two
pathologists.

Immunohistochemistry. Formalin-fixed paraffin-embedded tissue
was freshly cut (4 μm). The sections were mounted on Superfrost
slides (Menzel Gläser, Germany), dewaxed with xylene, and
gradually hydrated. Activity of endogenous peroxidase was blocked
by 30 min exposure to 1% H2O2. All the studied sections were
boiled for 20 min at 500 W in Antigen Retrieval Solution
(DakoCytomation, Copenhagen, Denmark). The immuno-
histochemical reactions were conducted using anti-YB-1 polyclonal
rabbit antibodies prepared by immunization with a 12-amino acid
peptide representing the N-terminus of YB-1, diluted 1:250. The
specific antibodies were diluted in Antibody Diluent, Background
Reducing (DakoCytomation) and incubated with studied sections
for 1 hour at room temperature. This was followed by incubations
with biotinylated antibody (20 min at room temperature) and
streptavidin-biotinylated peroxidase complex (20 min at room
temperature) from the LSAB+ kit (DakoCytomation). For
visualization of the reaction, the DAB+, Liquid kit was used
(DakoCytomation) (7 min at room temperature). The sections were
counterstained with Mayer’s hematoxylin for 30 s.

Evaluation of reaction intensity. Intensity of immunohistochemical
reactions was estimated independently by two pathologists. In
doubtful cases a re-evaluation was performed using a double-headed
microscope and staining was discussed until a consensus was
achieved. Intensity of immunohistochemical reactions with YB-1
antibody was evaluated using the semi-quantitative immunoreactive
score (IRS) scale, which took into account intensity of colour
reaction and percentage of positive cells (17). The result represented
product of scores allocated for the evaluated traits and ranged
between 0 and 12 (Table II).

Control reactions. Immunohistochemical reactions with the use of
the same anti-YB-1 antibodies performed on cell lines were
described previously (18).

Statistical analysis. The obtained results were subjected to statistical
analysis using Statistica 97 PL software (Statsoft, Poland). In order
to examine the relationship between expression of the studied
protein on one hand and age of patients, serum protein levels (LDH,
β2-microglobulin) on the other, Spearman’s rank correlation was
used. For assessing the relationship between YB-1 expression
intensity and clinical and pathological variables, the Kruskal-Wallis
rank test (ANOVA) was used. 

Evaluation of the relationship between expression of the protein
on one hand and total survival and progression-free survival on the
other used Kaplan-Meier analysis using SPSS software (version
10.0, SPSS Inc., Chicago, IL, USA). The survival time was defined
as the period between establishing the diagnosis and death or time
of last observation, while the relapse-free survival time was defined
as the period between establishing the diagnosis and manifestation
of progression or relapse. Values of p<0.05 were assumed to
indicate statistical significance.
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Results

YB-1 expression in NHL. The immunohistochemical
reactions were performed in the group of 56 cases of NHL.
In evaluation of the protein expression 5 cases were omitted
due to significant destruction of the studied material.
Expression of YB-1 was detected in 48 cases (94%). 

The immunohistochemical reaction was localized only in
the cytoplasm of tumor cells and manifested a variable
intensity in individual cases (Figure 1). The mean intensity
of the reaction on the IRS scale was 6.27±4.08 (SD). No
immunohistochemical reaction within the nucleus was
observed.
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Clinical characteristic Number of YB-1 P-value
cases n (%)

All cases 56 48 (94)
Age (mean±SD) 56.36±13.19 

≤60 years 32 28 (88) 0.7084b
>60 years 24 20 (83)

Gender 
Female 24 21 (88) 0.3502a

Male 32 27 (84)
Stage of clinical 
advancement (Ann Arbor)

I/II 8 8 (100) 0.6654a

III/IV 41 34 (83)
Efficacy 

≥2 14 14 (100) 0.2205a

<2 11 8 (73)
Grade of malignancy 

Low 26 21 (81) 0.0743a

Moderate 27 24 (89)
High 1 1 (100)

Presence of systemic signs
Yes 34 28 (82) 0.9290a

No 14 13 (93)
IPI index 

Low 24 21 (88) 0.7260a

Moderate/low 7 6 (86)
Moderate/high 8 8 (100)
High 7 7 (100)

Number of extranodular 
loci involved 

≤1 44 37 (84) 0.4434a

>1 7 7 (100)
Involvement of bone 
marrow and/or cns

Yes 17 15 (88) 0.1917a

No 34 29 (85)
Concentration of LDH* 
before chemotherapy

≤normal 16 15 (94) 0.4516b

>normal 107 (70)

Clinical characteristic Number of YB-1 P-value
cases n (%)

Concentration of LDH 
after chemotherapy 

≤normal 16 14 (88) 0.1943b

>normal 14 12 (86)
Concentration of 
β2-microglobulin* 

≤normal 4 4 (100) 0.8917b

>normal 7 6 (86)
Anemia 

Yes 19 15 (79) 0.7646a

No 31 28 (90)
Infection with HCV 

Yes 2 1 (50) 0.0920a

No 52 45 (87)
Infection with H. pylori

Yes 2 2 (100) 0.6830a

No 52 44 (85)
Irradiation

Yes 15 14 (93) 0.3979a

No 35 29 (83)
Clinical response 

CR 10 9 (90) 0.1878a

PR 17 15 (88)
SD 7 5 (71)
PD 1 1 (100)

Relapse 
Yes 7 6 (86) 0.0612a
No 43 38 (88)

Progression 
Yes 31 26 (84) 0.4164a
No 19 18 (95)

Death 
Yes 25 21 (84) 0.7386a
No 25 23 (92)

LDH, Lactic dehydrogenase; HCV, hepatitis C type virus; IPI,
international prognostic index: low risk=0.1; moderately low risk=2;
moderately high risk=3; high risk=4.5. *Normal values: LDH=200-480
U/l, β-microglobulin=0.7-1.8 mg/l. aANOVA rank test of Kruskal-
Wallis; bSpearman’s rank correlation.

Table I. Clinical data on studied patients and relationships between expression of YB-1 and clinical data.

Table II. Scale for evaluation of YB-1 expression using the immunoreactive
score (17).

Percentage of positive cells Points Intensity of reaction Points

No positive cells 0 No reaction 0
<10% positive cells 1 Weak color reaction 1
10-50% positive cells 2 Moderate intensity 2
51-80% positive cells 3 Intense reaction 3
>80% positive cells 4



Relationships between expression of YB-1 and clinico-
pathological data. The clinicopathological parameters of the
NHL cases are summarized in Table I. No significant
relationships were disclosed between the intensity of YB-1
expression and the above mentioned variables (p>0.05; Table I).

Expression of YB-1 in relation to total survival and
progression-free survival. The overall survival time and
progression-free-survival time were similar between
groups differing in intensity of the YB-1 protein
expression. Two groups were distinguished, manifesting,
respectively, lower intensity of YB-1 expression (IRS 0-4)
and higher expression of YB-1 (IRS 6-12). The analysis
demonstrated that a significantly shortered progression-
free survival was indicated in cases with higher intensity
of YB-1 expression (p=0.0434; Table III, Figure 2 A). The
relationship between the expression of YB-1 and survival
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Figure 1. Immunohistochemical localization of YB-1 expression in non-
Hodgkin’s lymphoma with IRS score: A: 0, B: 4, and C: 12 (×400).

Figure 2. Kaplan-Meier survival curves for the studied group of non-
Hodgkin’s lymphoma patients of lower and of higher YB-1 expression
(total observation time). A: Progression-free survival. B: Overall
survival. 



over the total period of observation was not significant
(p=0.0533; Table III, Figure 2 B). 

Considering the fact that in the studied cases, numerous
cycles of chemotherapy were employed, which could
significantly affect biology of the neoplastic cells, relationships
were also examined between the expression of YB-1 and
progression-free/overall survival using short-term follow-up.
For statistical purposes, the time of observation were restricted
to 50 and 30 months. Analysis of the Kaplan-Meier curves

showed that overall survival and progression-free survival were
significantly shorter in the group with higher expression of YB-
1 in the course of 50 months’ observation (p=0.0383 and,
respectively, p=0.0309; Table III, Figure 3 A and B). In the
course of 30 months’ observation, the group with lower
expression of YB-1 manifested longer progression-free survival
(p=0.0253; Table III, Figure 4 A). No effect of YB-1
expression on total survival time in the course of 30 month
observation was noted (p=0.0707; Table III, Figure 4 B).
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Figure 3. Kaplan-Meier survival curves for the studied group of non-
Hodgkin’s lymphoma patients of lower and of higher expression of YB-
1 over a 50-month period of observation. A: Progression-free survival.
B: Overall survival.

Figure 4. Kaplan-Meier survival curves in the studied group of non-
Hodgkin’s lymphoma patients of lower and of higher expression of YB-
1 over a 30-month period of observation. A: Progression-free survival.
B: Overall survival.



Discussion

Intracellular localization of YB-1 and the relationship between
its immunohistochemical reactivity and clinicopathological
parameters were examined in NHL. Expression of YB-1 was
localized only in the cytoplasm and not in cell nuclei of tumor
cells. In our previous work, preformed on cultured cancer
cells, we distinguished both cytoplasmic and nuclear YB-1
localization using the same antibodies (18).

No relationship between YB-1 expression and
clinicopathological variables in the studied group of NHLs
were found. 

In the survival analysis, the patients manifesting higher
expression of YB-1 demonstrated shorter progression-free
survival in the total observation time and in the course of 30
months’ observation. Moreover, in the course of 50 months’
observation, patients with higher expression of YB-1 were
found to exhibit shorter total survival and shorter progression-
free survival.

The role of YB-1 in NHLs remains unexplained. Studies
performed on breast cancers and lung carcinomas showed
that YB-1 may represent a novel predictive factor permitting
prediction of resistance to chemotherapy and progression of
the disease (11, 19, 20). Elevated expression of YB-1 has
been noted in drug-resistant cell lines originating from
tumors such as: breast cancer, non-small cellular lung
carcinoma, osteosarcoma, ovarian cancer, colorectal cancer
(10, 12, 14, 15, 19, 21-23). Furthermore, in human cancer,
elevation of YB-1 protein levels is associated with reduced
proliferation rates, but its overexpression induces an
epithelial to mesenchymal transition, which is a crucial
process for development of distant metastases (24). High
levels of mRNA for YB-1 have been noted in glioblastoma
and malignant melanoma (25). In our previous studies, we
demonstrated nuclear expression of YB-1 in cell lines of
pancreatic, gastric and mammary tumors with classical MDR
phenotype (26). The nuclear localization of YB-1 protein
may be involved in controlling MDR1 gene expression,
affecting the level of P-gp, the multifunctional drug
transporter and, therefore, it is suggested to be highly
significant for development of the MDR phenotype in
tumors. A significant correlation between nuclear expression

of YB-1 and expression of P-gp has been described in
osteosarcomas and breast cancer (10, 12). Moreover, Xu et
al. (27), investigated the relationship between YB-1 and P-
gp expression and their prognostic significance in diffuse
large B-cell lymphoma. Interestingly, immunohistochemical
analysis revealed that nuclear expression of YB-1 was
correlated significantly with overexpression of P-gp, and
patients with nuclear immunotopography of YB-1 were
characterized with poorer prognosis as compared to these
with cytoplasmic localization. On the other hand, no
relationships between nuclear expression of YB-1 and P-gp
in serous adenocarcinomas of the ovary and in colorectal
carcinoma have been detected (14, 15). A functional study
demonstrated that inhibition of YB-1 gene expression had no
influence on MDR1 gene expression in drug-resistant cancer
cell lines with an acquired stable MDR phenotype (28).
However, further reports are available which point to a
possible role of YB-1 in control of expression of other drug
efflux pumps linked to resistance to cytostatic drugs, such as
MRP1 and MRP2 (29-32). Kamura et al. (15) have
demonstrated that nuclear expression of YB-1 represents a
novel unfavorable prognostic factor in serous ovarian
carcinoma. Immunohistochemical studies by Oda et al. (29)
on cases of synovial sarcoma have demonstrated absence of
relationships between nuclear expression of YB-1 and
clinicopathological variables. Similar results were obtained
Wachowiak et al. (33) in a study on neuroblastoma, in which
no correlation of YB-1 expression with survival, risk factors
and stage of the disease was observed. 

YB-1 is usually located in the cytoplasm but can be
redistributed to the nucleus, e.g. in the course of viral
infections (18, 34). Translocation of YB-1 protein from
cytoplasm to the nucleus develops in tumor cells following
irradiation with UV, and therapy with anti-neoplastic drugs,
such as cisplatin, mitomycin C or etoposide (35). Bargou et
al. (10) have shown that previously pharmacologically
untreated breast carcinomas demonstrated only cytoplasmic
YB-1 expression. Nuclear translocation of YB-1 due to
infection with an oncolytic adenovirus, e.g. Xvir03, promotes
replication of the virus, inhibits expression of MDR1 and
MRP1 genes and in this way re-sensitizes the neoplastic cells
to action of cytostatic drugs (18). Association between
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Table III. Relationships between YB-1 expression and overall (OS) and progression-free survival (PFS) measured in months (Kaplan-Meier analysis).

YB-1 expression No. of Total observation time 50-Month observation 30-Month observation
(IRS score) cases

OS PFS OS PFS OS PFS
P-value P-value P-value P-value P-value P-value

IRS 0-4 21 0.0533 0.0434 0.0383 0.0309 0.0707 0.0253
IRS 6-12 30



traditional chemotherapy and viral therapy could design new
models for treatment of tumors. YB-1 may represent an
important prognostic marker and determination of
intracellular localization of YB-1 might permit prediction of
progress of the disease.

Most probably, the exclusively cytoplasmic localization of
YB-1 in the studied group of lymphomas reflected the fact
that the patients had not been previously treated with radio-
and chemotherapy. Under the effect of chemo- or
radiotherapy, YB-1 located in the cytoplasm would probably
translocate the nuclei. Nuclear localization of YB-1 is linked
to its function not only as a transcription factor for many
genes linked to DNA replication, proliferation or resistance
to cytostatic drugs but also to its participation in signalling
pathways, protecting the cell and DNA from genotoxic
agents, such as cisplatin, mitomycin, and ionizing radiation.

Summing up, in this work we have shown for the first time
that cytoplasmic expression of YB-1 in NHL represents a
strong, novel unfavorable prognostic factor. It permits
prediction of prognosis independently of the length of
observation period. The studies have shown that YB-1 should
be submitted to intense studies as a potential target for novel
therapeutic approaches to malignant lymphomas, e.g. those
employing viruses.
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