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The aim of the investigation was the assessment of
the role of routine cytology and clonality evaluation using
PCR in differential diagnosis of lymphoproliferative dis-
eases of the orbit and eye adnexa. The investigations were
carried out in cellular material collected via fine needle
aspiration biopsy (FNAB) from 29 patients aged 31 - 82
years, including 17 women and 12 men. Apart from rou-
tine cytology, molecular-genetic studies were performed
employing the PCR technique. In 21 cases histopathology
was performed. In 2 patients, despite several attempts,
FNAB failed to provide any diagnostic material for rou-
tine cytology. Based on cytology, non-Hodgkin’s lympho-
ma was diagnosed in 11 patients and suspected in three.
In 13 patients no firm diagnosis was possible based on
cytological smears. The employment of PCR allowed for
rendering the diagnosis more precise in 13 cases, confirm-
ing it in 13 patients, while in 3 cases the results of the
above tests did not affect the final diagnosis. Clonality
studies by PCR may be performed in material obtained
through FNAB. Clonality assessment by PCR technique
is very useful in differential diagnosis of lymphoprolif-
erative disordes.

Introduction 

Despite the fact, that fine needle aspiration biopsy
(FNAB) is a commonly employed method in contemporary
oncological diagnostic management it does not enjoy wide
popularity in diagnosing lymphoproliferative diseases of the
eye [5, 10, 13, 22, 31]. Benign and malignant lymphoprolif-
erative lesions, as well as pseudotumors are among the most
common tumors with primary location in the orbit or ocular
adnexa [8, 14]. However, the morphological similarity of
such diseases poses numerous problems in differential diag-
nosis, not only cytological, but also histopathological, par-
ticularly in differentiating benign lymphoproliferative

lesions from small cell lymphomas. Thus, it is necessary to
introduce additional methods to differential diagnosis.

To date, only a few reports describe flow cytometry
performed in materials obtained through FNAB [3, 7, 20, 21,
29]. The literature does not provide any data on the use of
PCR in FNAB-obtained materials in differential diagnosis
of lymphoproliferative lesions within the orbit and eye ad-
nexa. In the present investigations the authors attempted to
assess the validity of routine cytology and clonality studies
employing PCR in differential diagnosis of lymphoprolif-
erative diseases involving the orbit and eye adnexa.

Material and Methods

The investigations were carried out on cellular material
obtained through fine needle aspiration biopsy in 29 patients
(17 women and 12 men) aged 31 - 82 years, who were treated
or consulted at Department of Ophthalmology, Pomeranian
Medical University in Szczecin, in the years 1989 - 2003.
Nineteen patients presented with orbital or palpebral-orbital
lesions, 7 - with palpebral, and three with conjunctival
lesions (Fig. 1). In 15 cases the right orbit or ocular adnexa
were involved, the lesions were situated on the left side in 11
patients, while 3 individuals presented with bilateral disease
(Fig. 2). In 11 patients the disease had sudden onset. All the
patients were subjected to fine needle aspiration biopsy,
including 9 individuals in whom FNAB was performed
under CT control (Fig. 3). In 20 patients with visible or
palpable tumors, the biopsy did not require computed tomo-
graphy control. The lesions were biopsied using a 22G
needle (0.7mm in diameter), which was 3.75cm long in
adults and 2.5cm in length in children in view of the risk of
penetrating the superior orbital fissure or the intracranial
cavity through the optic nerve canal [5]. The biopsies were
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performed inserting the needle through the conjunctiva,
upper or lower crease or through the skin using the nearest
approach. At least two biopsies were done and the material
was aspirated to a 5 - 10ml syringe. Prior to the procedure,
local anesthesia was applied to the conjunctival sac using 1%
pantocaine or 0.5% alcaine. No complications were ob-
served except subcutaneous hemorrhage in six patients and
subconjunctival petechiae in two individuals. Histopatho-
logy was performed in 21 cases. 

The FNAB-obtained materials served to prepare at least
two smears, which were immediately fixed in 96% ethyl
alcohol and stained with hematoxylin and eosin.

The material for investigating clonality using the PCR
method was obtained from fine needle aspiration biopsy of
the orbital tumor or ocular adnexa, with the bioptate placed
in PBS, mixing 10ml of the latter with 1ml sodium versenate.

DNA isolation consisted of incubation with proteinase
K (Sigma ) at 37˚C, phenol and chloroform extraction and
precipitation with 96% alcohol at -20˚C, followed by drying
and dissolving in TE buffer.

To assess the clonality of B lymphocytes, the authors
employed primers synthesized by TIB MolBiol, for perma-
nent regions of immunoglobulin heavy chains: 

• third skeletal region (3’V terminal): 
Fr3A-5’ACACGGC(G/T)(G/C)TGTATTACTGT3’,

• VLJH region: 
GTGACCAGGGT(A/G/C/T)CCTTGGCCCCAG 3’,

• J region: LHJ5’TGAGGAGACGGTGACC 3’.

The two-stage PCR reaction was performed using a
Perkin-Elmer Model 480 thermostat. The end-product

Fig. 1. Non-Hodgkin’s lymphoma of conjunctiva (patient No 15). 

Fig. 2. Bilateral palpebral non-Hodgkin’s lymphoma (patient No 7). 

Fig. 3. CT scan: right side orbital and
conjunctival tumor (patient No 15). 
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volume of the reactive mixture was 25µl. The PCR reac-
tion was performed employing reagents manufactured by
Peterfarm.

The mixture for PCR reaction contained 0.15µg DNA,
1.5mmol of each nucleotide (dNTP-mix), 2mmol of each
primer (Fr3A and LJH 5’in stage I and Fr3A and VLJH in
stage II), 2.5µl of buffer (concentrated 10x), 2U of thermo-
stable polymerase Taq, and water to acquire the volume of
25µl. Subsequently, 50µl of mineral oil were added to each
sample.

The PCR reaction parameters were as follows: denatur-
ation at 94˚C, primer binding at 60˚C, elongation at 72˚C.
The number of cycles was 30. In the first PCR the primers
included Fr3A and LHJ and 30 cycles were applied. Five µl
of the resultant product were diluted with H2O to achieve the
volume of 100µl. From this volume, 5µl were drawn and
20µl of the second PCR reaction (with the same composition)
were added; in the second reaction the Fr3A and VLJH primers
were employed and 20 cycles were performed.

To assess T lymphocyte clonality the authors used
primers for TCRδ receptors complementary for 3’ terminals
of the following regions:

• Vδ1: 
PVD13’ (5’CAAAGTACTTTTGTGCTCTTG3’),

• Jδ1: 
PJD 13 (5’GAGTTACTTACTTGGTTCCAC3’).

The following primers for TCR( receptors were used:
• Vγ11: (5’)TCTGGG/AGTCTATTACTGTGC(3’),
• Jγ11: (5’)CCAGTGTTGTTCCACTGC(3’).

The PCR reaction was performed as a two-stage process
in a Perkin-Elmer Model 480 thermostat. The first PCR was
subjected to 30 cycles. Five µl of the product obtained in the
first PCR were diluted with H2O to obtain the volume of
100µl. Five µl were drawn from this amount and 20µl of the
second PCR reaction, containing the same primers, were
added; subsequently 20 cycles were applied for TCRγ and
27 cycles for TCRδ. 

The PCR reaction parameters were as follows: denatur-
ation at 94˚C, primer binding at 55˚C for TCRγ and at 50˚C
for TCRδ, elongation at 72˚C. Fifty µl of mineral oil were
added to all the samples.

The PCR products were subjected to electrophoresis on
agarose gel with ethidine bromide. The results were analyzed
in ultraviolet light.

Results 

Routine cytology was performed in all the patients.
Table 1 lists the results of cytology and other tests. The final
diagnosis was based on routine cytology and/or histopatho-
logy, as well as on PCR analysis. Cytology allowed for
diagnosing non-Hodgkin’s lymphoma in 11 patients and
suspecting the disease in further 3 individuals. In 13 individ-

uals the diagnosis was ambivalent, since cytology did not
allow for a firm determination of the biology of the lesion
(benign vs. malignant). In a female in whom the amount of
material collected had been insufficient for cytology, histo-
pathology allowed for the diagnosis of a pseudotumor. In
one other case where routine cytology could not have been
performed, the final diagnosis indicated lymphoma. Only in
two lymphoma cases did cytology allow for identifying the
type. These patients represented two cases of lymphoplas-
mocytic lymphoma, where the presence of plasma cells and
plasmablasts facilitated the diagnosis. In four other patients
the grade of lymphoma was suggested. 

PCR studies were performed in all patients. In five of
them, in whom primary cytological diagnosis had been
inconclusive: NHL? BLPL? no clonality was observed and
ultimately four of these individuals were diagnosed as be-
nign lymphoproliferative lesions and one as a pseudotumor.
Twenty two patients demonstrated clonality of lymphoid cell
proliferation. In 18 cases there were B-cell non-Hodgkin’s
lymphomas (Fig. 4), including 10 patients with primary
lymphomas of the orbit and eye adnexa. In the patient (No
8), who demonstrated clonal proliferation, histopathology
allowed for establishing an ultimate diagnosis of a pseudo-
tumor. In two lymphoma cases no clonality was noted in
PCR. One of these patients (No 7) demonstrated clonal
proliferation in flow cytometry and the final diagnosis was
a low grade B-cell primary non-Hodgkin’s lymphoma. In
the other individual (No 6) histopathology allowed for diag-
nosing a primary MALT-type lymphoma. In three patients
the rearrangement of Tδ lymphocyte receptor gene (Fig. 5)
was demonstrated and the final diagnosis was a T-cell lym-
phoma.

Table 2 presents the comparison of preliminary cyto-
logical diagnosis and the clonality assessment employing
PCR method. Table 3 illustrates the effect of clonality as-
sessment on the final diagnosis. Based on PCR, the diagnosis
was rendered more precise in 13 patients, confirmed in 13
cases, while in three individuals the results of the above tests
did not affect the final diagnosis.

Discussion 

The results presented in this report confirm the view that
in the diagnostic management of lymphoproliferative lesions
routine cytology is insufficient in establishing a reliable
diagnosis, especially in primary lesions involving the orbit
and eye adnexa. Despite the fact that in benign lymphopro-
liferative lesions the smears usually show cellular poly-
morphism associated with the presence of cells originating
from germinal centers, while lymphomas generally demon-
strate monomorphic character and the population is clearly
dominated by a single cell type [4, 5], in many cases mor-
phological similarity of benign lymphoproliferative lesions
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and non-Hodgkin’s lymphomas, especially when low-grade,
is very high. The ability of establishing a final diagnosis in
routine cytology is differently assessed by various authors.
Steel et al. [26] estimated the accuracy of the method as 72%,
Zeppa et al. [31] - as 83%, Zajdela et al. [30] - as 87%, while
Dey et al. [6] reported the rate that was as high as 94%. In
our material routine cytology allowed for a preliminary
diagnosis of non-Hodgkin’s lymphoma in 11/23 cases, while
another 3 patients were suspected of NHL. The gravest
problems were encountered while differentiating between
benign lymphoproliferative lesions and malignant lympho-

mas. In as many as 13 cases of the total of 29 patients (45%)
the result of cytology was inconclusive (NHL? BLPL?).
Although routine cytology is a fast and simple test, it is,
nevertheless, associated with a considerable percentage of
inconclusive results. Moreover, only in two lymphoma pa-
tients (2/23) were the authors able to determine the type.

Molecular - genetic methods or flow cytometry, when
combined with cytology, increases the diagnostic accuracy
in non-Hodgkin’s lymphomas and lymphoproliferative le-
sions [1, 2, 16, 29]. Sharara et al. [23], who collected tissue
sections from 43 patients with lymphoproliferative lesions

TABLE 1
Tests results for the entire group of patients

Patient Tests
Final diagnosis

No Age Sex cytology histopathology PCR

 1 31 F NHL? BLPL? NHLs no clonality BLPL

 2 81 M NHL? BLPL? Pseudotumor no clonality Pseudotumor

 3 64 F NHL? BLPL? BLPL no clonality BLPL

 4 69 F NHL? BLPL? BLPL? no clonality BLPL

 5 64 M NHL? BLPL? no clonality BLPL

 6 64 F NHL? BLPL? NHL-lg MALT no clonality NHL-lg MALT

 7 68 M NHL-lg no clonality p-NHL-B-lg

 8 54 F too scant material Pseudotumor clonality B cells Pseudotumor

 9 52 F NHL-LP clonality B cells p-NHL-LP

10 82 M NHLs clonality B cells p-NHL-B-hg

11 71 M NHL? BLPL? clonality B cells p-NHL-B-lg

12 62 F NHLs clonality B cells p-NHL-B-lg

13 77 F NHL? BLPL? NHL-FL clonality B cells NHL-FL

14 66 M NHL? BLPL? NHL-lg clonality B cells p-NHL-B-lg

15 45 F NHL? BLPL? clonality B cells p-NHL-B-lg

16 76 M NHL-LP clonality B cells p-NHL-LP

17 43 F NHL? BLPL? NHL-lg MALT clonality B cells NHL-lg MALT

18 53 F NHL clonality B cells p-NHL-B-lg

19 82 F NHL-lg clonality B cells NHL-B-lg

20 63 M NHL? BLPL? clonality B cells NHL-B-lg

21 63 M NHL NHL-B-hg clonality B cells NHL-B-hg

22 64 F NHL-hg clonality B cells NHL-DLBCL

23 56 F NHL clonality B cells NHL-B

24 69 M NHL NHL-DLBCL clonality B cells NHL-DLBCL

25 68 F NHLs clonality B cells NHL-B-Ig

26 53 F NHL clonality B cells NHL-B

27 48 F NHL? BLPL? NHL-lg?BLPL? clonality B cells p-NHL-T-lg

28 42 M too scant material clonality B cells NHL-T

29 39 M NHL-lg clonality B cells NHL-T-lg

Abbreviations: BLPL - benign lymphoproliferative lesion; Pseudotumor - inflammatory pseudotumor; NHL - non-Hodgkin’s lymphoma; NHLs - non-
Hodgkin’s lymphoma suspected; p-NHL - primary non-Hodgkin’s lymphoma; NHL-B - B-cell non-Hodgkin’s lymphoma; NHL-T - T-cell non-Hodg-
kin’s lymphoma; NHL-lg - low-grade non-Hodgkin’s lymphoma; NHL-hg - high-grade non-Hodgkin’s lymphoma; NHL-SLL-B - small lymphocytic
B-cell lymphoma; NHL-DLBCL - diffuse large B-cell lymphoma; NHL-FL - follicular lymphoma; NHL-LP - lymphoplasmocytic lymphoma
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of the orbit and eye adnexa and subjected the materials to
histopathological examinations combined with immuno-
phenotype assessment in flow cytometry and PCR, decided
that flow cytometry was more useful in evaluating clonality.

Nevertheless, PCR allows for detecting even small
amounts of clonal cells, regardless of the presence of non-
neoplastic lymphocytes or other types of cells [15, 17]. The
method makes it possible to detect gene translocations,
which are characteristic for lymphomas, even when such
translocations are present only in one per 105 investigated
cells [17]. While studying clonality employing the genetic-
molecular method, one bases the test on translocations of
immunoglobulin and T lymphocyte receptor (TCR) genes
[12, 15, 17]. More than 90% of lymphomas involving the
orbit and eye adnexa represent monoclonal B-cell lympho-
mas [11].

To assess clonality, various techniques may be em-
ployed, such as Southern blot and PCR.

In clonality studies of B-type lymphomas by PCR, the
following primers are most frequently used: Fr3A, LJH and

VLJH. The Fr3A primer is complementary to the 17 gene
sequence of the human V segment. The LJH and VLJH
primers are complementary to gene sequences of the 6th J
regions [28]. The binding site of the two latter primers is
situated in the 5’ part of the gene. When the above mentioned
primers are employed, the resultant PCR products are 100 -
120 base pairs long. Wan et al. [28] determined the sensitiv-
ity of the method as 92% (24/26 cases) and believed it to be
specific in detecting B lymphocyte clonality.

In the case of T-cell lymphomas, the assessment of
clonality using the PCR method is based on detection of
rearrangement of δ and γ TCR (lymphocyte T receptor) chain
genes. δ and γ TCR chain genes undergo rearrangement early
on when T lymphocytes change [9]. On the other hand, in
the case of TCRδ, the 3’ terminals of Vδ1 and Jδ1 regions,
to evaluate which complementary primers have been em-
ployed, manifest approximately 60% of receptor gene trans-
locations [27]. The products of the above mentioned
reactions are 80 - 110 base pairs long [27]. Translocations of
γTCR chain genes are detected by PCR in 74% of T-cell

Fig. 4. Results of PCR tests for B cells; A - clonality (standard); B - no clonality (standard); 8, 11, 15 ,17, 18, 25 clonality B cells cases; 1,
2, 4, 6, 7 no clonality cases. 

Fig. 5. Results of PCR tests for T cells;
A - no clonality (standard); B - clo-
nality (standard); 28 - clonality T cells
case; 1, 2 - no clonality cases.
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proliferation cases [18]. PCR products obtained employing
the Vγ11 and Jγ11 primers that are complementary to corre-
sponding TCRγ regions are 75 - 95 base pairs long [19, 25].

In our material, PCR was performed in 29 patients. In
18/20 (90%) cases of B-cell lymphomas, B lymphocyte
clonality was detected. In 2 cases no clonality was observed.
These were one MALT type lymphoma (No 6) as well as
primary low grade B-cell lymphoma (No 7). In 3/3 of T-cell
lymphomas, lymphocyte clonality was detected. In 5/6 of
benign lymphoproliferative lesions (4 BLPL and 1 pseudo-
tumor), no clonality was noted. On the other hand, in one
pseudotumor (No 8), diagnosed by histopathology, clonality
was positive.

It is a well known fact that clonal proliferation is not a
specific phenomenon characteristic of lymphomas and lym-
phocytic leukemias and, on the other hand, clonality may
appear in some benign lymphoproliferative diseases [9, 12,
16]. Based on 12 cases of lymphoproliferative lesions of the
eye with tissue samples studies using the PCR method,
Sigurdardottir et al. [24] demonstrated the limited role of this
test in assessing clonality, since in three cases where clo-
nality had been demonstrated, only one was finally diag-
nosed as lymphoma, while two other lymphomas were
polyclonal. Also Sharara et al. [23] observed clonal prolife-
ration in 39% of chronic inflammatory lesions and in as
much as 50% of benign lymphoproliferative and atypical
lesions.

We believe that PCR may be employed in materials
collected via fine needle aspiration biopsy as supplementary
methods that together with clinical data complement cyto-
logy. The PCR technique requires an even smaller amount
of material in comparison to flow cytometry, since changes
resulting from gene translocation in the cells may be multi-
plied by PCR as many as 106 times.
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