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Novelty Statements
What is the novel aspect of our work? Lymphocytosis 

accompanied by the presence of granular lymphocytes is 
frequently found in peripheral blood analysis ordered by 
multiple reasons. They are usually CD8+ T lymphocytes of 
reactive origin but that may also represent a T-cell clonal 
proliferation. Distinguishing between these two situations in 
the immediate clinical setting is important.

What is the central finding of our work? On the basis of 
a standard flow cytometric analysis, the presence of some 
abnormalities in the expression or, alternatively, the lack of 
expression of some T-cell markers, shows a good correlation 
with T-Cell clonality established through molecular 
techniques.

What is (or could be) the specific clinical relevance of 
our work? In the clinical setting of a given patient, and if 
the phenotypic analysis has not included yet more specific 
markers, the abnormalities described in our work, mainly the 
value of the CD3/CD57 subset, may be highly predictive of the 
final result on the state of TCR. In front of the clinical dilemma 
“what to do next” when finding T-cell  lymphocytosis, or large 
granular cells in an otherwise normal lymphocyte count, the 
findings described in our work could be of help for indicating 
or not a more complete analysis of T-cells.

Review Article

Abstract
Introduction: The finding of large granular cells is relatively frequent when reviewing a blood smear for lymphocytosis 
(or for any other reason). The presence of these cells opens the question as if they are part of a T-cell non-clonal reactive 
process or indicate the presence of a clonal population (yet not necessarily neoplastic).

Patients, Material, Methods: We studied the status of T-cell receptor (germinal vs rearranged) along with some 
phenotypic characteristics, mainly CD57 expression, in 131 cases of T-cell lymphocytosis.

Results: The co-expression of CD57 with CD3 was highly associated with rearrangements of T-cell receptor (TCR). Other 
phenotypic abnormalities (partial loss of CD7, CD4/CD8 co-expression) were also associated with such rearrangement.

Conclusion: These phenotypic changes, mainly CD3/CD57 co-expression, should not be taken as surrogate markers for 
actual TCR status, but may be of help for taking the decision on the relative urgency for ordering a TCR rearrangement 
study or any alternative analysis in the clinical setting.

Check for
updates

Introduction
The finding of granular cells when analyzing peripheral 

blood (PB) smears for lymphocytosis is relatively frequent. 
Most of the times these elements are normal NK or T-cells with 
a CD8 phenotype that can increase in number as a reaction 
to different antigenic stimuli. However, the presence in PB of 
the same type of granular cells may also be indicative of a 
neoplastic disorder such as T-cell large granular lymphocytic 
leukemia (T-cell LGL leukemia). This form of leukemia is 
characterized [1] by the persistence of lymphocytosis ( > 
2.0 x 109/L) with large granular lymphocytes (LGL) for more 
than 6 months, without an identifiable cause. Obviously, 
this leukemia is a clonal disorder and as such, T-cell receptor 
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is rearranged. Phenotypically, these cells may lose some 
pan-T markers, are mainly CD8 positive, and express CD57. 
However, this last antigen may also be expressed in a variable 
percentage of non-clonal, reactive T-cell lymphocytosis with 
granular morphology undistinguishable from those described 
in T-cell LGL leukemia [2]. As from the clinical point of view 
it is important to differentiate a polyclonal from a clonal 
condition, we set out to analyze the correlation between 
phenotypic findings, mainly CD57 expression, and TCR gamma 
rearrangements. 

Patients, Material and Methods
Patients

In the period 2008-2018 a total of 131 samples 
corresponding to 131 different patients were studied at 
our laboratory because of the finding of lymphocytosis. 
The majority of these samples were submitted to our flow 
cytometry unit (that serves an area of 800,000 inhabitants) 
for typifying a lymphocytosis discovered in a previous 
complete blood count ordered by different causes. Cases 
with a previously known T-cell lymphoproliferative disorder 
or with a clearly defined phenotype allowing a diagnosis of 
T-cell neoplasia (i.e., Sézary syndrome, angioimmunoblastic 
lymphoma, prolymphocytic leukemia, anaplastic T-cell 
lymphoma, T-cell lymphoma NOS) were excluded. In 10 of 
these 131 samples the lymphocyte count was lower than 2.0 
x109/L cells when performing the phenotypic study but they 
were included in our series because of the presence of frank 
lymphocytosis on a former analysis or because when a blood 
smear was reviewed as part of the protocol for studying 
cytopenias, the presence of granular cells was judged as 
remarkable. 

Samples and Analysis Methods
The samples were collected in K3EDTA anticoagulant tubes 

of the Vacutainer System (Becton-Dickinson, Rutherford, NJ, 
USA) and complete blood counts were performed on the 
Unicel DxH800 automated hematology analyzer (Beckman 
Coulter, Miami, FL, USA) within 6 hours of collection. Blood 
smears were stained with May Grünwald-Giemsa and the 
percentage of granular elements was counted by light 
microscopy over a total of 100 lymphocytes. All PB samples 
were studied less than 24 hours after withdrawal by flow 
cytometry (FC500 until 2016 and Navios onwards, both 
from Beckman Coulter, Miami, FL, USA). The used markers 
and flurochromes, clone and manufacturer are described in 
table 1.  TCR rearrangements were studied by multiplex PCR 
reactions using BIOMED-2 primer sets [3].

Statistical analysis
Kolmogorov-Smirnoff test was applied to verify the 

Gaussian distribution. Correlation studies were done by 
Spearman Rho test. Results between clonal and non-clonal 
disorders were compared with Mann-Whitney U test and 
the diagnostic power of the different markers was evaluated 
by the analysis of receiver operating characteristics (ROC) 
curves. Both univariate and multivariate analyses were 
performed using a logistic regression model with a 95% 

confidence interval (95% CI) for the odds ratio (OR). The 
results were analyzed using the statistical package SPSS v 
20.0, and considered to be significant when p < 0.05.

Results 
The main characteristics from our series are:

Patients’ demographics:
Mean age was 60 years (range 28-86). There were 69 

males and 62 females (ratio 1:11). 

Total lymphocyte count
The median lymphocyte count for all 131 samples was 

5.2 x 109/L (range 1.1-21.0 x 109/L). As said previously, the 
lymphocyte count was lower than 2.0 x 109/L in 10 patients. 
Total lymphocyte count showed a significant correlation with 
%CD3 (r: 0.277; p = 0.01) and %CD8 (r: 0.259; p = 0.03) but not 
with %CD57 (r: 0.125; p = 0.156), %CD7 (r: -0.129; p = 0.150) 
nor percentage of large granular cells (r: -0.010; p = 0.925). 

TCR and CD3 population
TCR was rearranged, indicating clonality, in 80/131 

patients (61.1%) and not rearranged in 51/131 (38.9%). As 
shown in table 2 the lymphocyte count and the percentages 
of CD3+ or CD8+ lymphocytes did not differ depending on 
the status of TCR (rearranged vs not rearranged) although 
the percentage of CD8 cells was slightly higher when TCR was 
rearranged (p = 0.117, ns).  It is also of note that TCR was 
rearranged in 3 over 10 cases with a lymphocyte count lower 
than 2.0 x109/L.

Percentage of large granular cells
No statistically significant differences were detected 

depending on the status of TCR (Table 2). In some samples 
with TCR rearrangement, this percentage was very low (1-
2%) whereas it was high ( > 40%) in some samples with non-
rearranged TCR.  

CD57 expression
The expression of CD57 by T cells showed a different 

pattern. As presented in table 2 and in figure 1, the percentage 

Table 1: Antibodies, clones and fluorochrome combinations used in 
the typifying panels (other special combinations using alternative 
conjugates were designed when deemed necessary). 
(Manufacturer for all MoAbs: Beckman Coulter)

Tube FITC PE ECD PCy5 PCy7
1 CD4 CD8 CD3 CD19 CD56
2 DR CD7 CD3 CD5 CD16
3 CD57 αβ CD3 γδ CD2

Antibodies Clone Antibodies Clone
CD2 G11 CD19 HD37
CD3 UCHT1 CD45 J33
CD4 13B8.2 CD56 N901
CD5 BL1a CD57 NC1
CD7 8H8.1 DR TÜ36
CD8 B9.11 AB BMA031

CD16 3G8 GD IMMU510
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Parameter Clonal TCR n = 80
Median (IQR)

Non-clonal TCR n = 51
Median (IQR) P

Lymphocyte count (x109/L) 5.2 (4.3-6.1) 5.70 (2.9-7.9) 0.114
CD3 (%) 82.5 (78.3-87.0) 83.0 (78.0-87.0) 0.861
CD8 (%) 48.5 (38.3-60.7) 41.0 (23.0-62.0) 0.128
CD3/CD57 (%) 27.0 (15.3-43.6) 13.0 (4.0-31.0) < 0.001
CD7 loss * 33.7% of cases 19.6% of cases 0.009
CD4+/CD8+ > 5% of T cells 17.5% of cases 3.9% of cases 0.015
Granular lymphocytes, % ** 12.0 (7.0-20.0) 6.0 (2.0-22.5) 0.215
Age, mean (SD) 66 (range 26-86) 60 (range 28-80) 0.180
Male/female ratio 1.5 0.7 0.035
* CD7 loss >20% in relation with CD3 
** on 100 lymphocytes
IQR: Interquartil range

Table 2: Comparison of phenotypic characteristics between clonal and non-clonal TCR patients.

Figure 1: Expression of CD3/CD57 in patients with clonal and Non-clonal TCR. 

Total Lymphocytes
> 5.0 (x109/L)

Lymphocytes
< 5.0 (x109/L)

Magnitude AUC
(CI 95%) P AUC

(CI 95%) P AUC
(CI 95%) P

Lymphocyte count
(x109/L)

0.486
(0.346-0.625) 0.815 0.718

(0.163-0.401) 0.001 0.685
(0.514-0.921) 0,031

CD3 (%) 0,477
(0.350-0.605) 0.714 0.420

(0.294-0.545) 0.220 0.633
(0.466-0.800) 0.122

CD8 (%) 0,590
(0.465-0.714) 0.147 0.481

(0.350-0.612) 0.773 0.768
(0.624-0.912) 0.002

CD3/CD57 (%) 0.693
(0.598-0.787) < 0.001 0.703

(0.584-0.822) 0.032 0.684
(0.530-0.839) 0.032

Granular lymphocytes (%) 0.576
(0.441-0.712) 0.215 0.653

(0.481-0.826) 0.058 0.495
(0.286-0.703) 0.955

Table 3: ROC (Receiver Operating Characteristics) curve analysis for the studied magnitudes.

In bold, statistically significant results highlighted.
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of CD3/CD57 cells was higher in the group with rearranged TCR 
than in the group with germ-line configuration (mean 29.8% 
vs 18.6%, p < 0.001), yet with a frank overlap (Figure 1). It is 
also of notice that male sex was more frequent in the group 
with TCR rearrangements (m/f ratio 1.5) than in the group 
with normal TCR (m/f ratio 0.7) (p = 0.035). The analysis of the 
CD3/CD57 positive population through a receiver operating 
characteristics (ROC) curve (Table 3) showed a significant 
AUC (area under the curve) of 0.693 (CI95%: 0.598-0.787; p < 
0.001) for detection of clonal TCR patients. Using a cut-off of 
20.5%, patients with rearrangement of TCR receptor could be 
discriminated from non-clonal TCR patients with a sensitivity 
of 68.8% and a specificity of 62.7%. 

Other T-cells phenotypic abnormalities 
A loss of CD7 expression higher that 20% in relation with 

CD3 was observed in 33.7% of cases with rearranged TCR 
(25/74 samples, in 6 samples CD7 could not be determined), 
but this loss was observed only in 19.6% of cases (10/51 
samples) when TCR was not rearranged. This difference 
was statistically significant (p = 0.009). Similarly, a double 
population of CD4+/CD8+ cells in a percentage higher than 5% 
of T-cells was observed in 17.5 % of cases with rearranged 
TCR (14/80 samples) yet in only 3.9 % of cases with normal 
TCR  (2/51 samples). This difference was also statistically 
significant (p = 0.015) (Table 2).

Upon univariate logistic regression analysis to discriminate 
rearrangement of TCR using sex, lymphocyte count, CD8+, 
CD3/CD57+, CD7 loss, CD4/CD8+ and percentage of granular 
lymphocytes as covariates, we observed that only the 
expression of CD3/CD57+ (OR 1.039; 95% CI 1.016-1.062; p = 
0.001) and sex (OR 2.14; 95% CI 1.048-4.380; p = 0.037) were 
associated with a rearranged TCR. 

Upon multivariate analysis using as response variable 
rearranged TCR, expression CD3/CD57+ above 24% 
(percentile 50) and the same covariates as described above, 
we obtained a model in which only the expression of CD3/
CD57+ (OR 4.182; 95% CI 1.689-10.353; p = 0.002) has an 
independent predictive factor for rearranged TCR among the 
studied patients. 

Discussion
The finding of granular cells when reviewing a peripheral 

blood smear for the study of lymphocytosis or a cytopenia 
is relatively frequent. Although in most of the cases these 
cells appear as a reaction to diverse antigens, its presence 
may raise concern on the presence of a T-cell LGL leukemia. 
In this form of leukemia TCR is rearranged, phenotypic 
inconsistencies are frequent and T-cells express the antigen 
CD57 in > 80% of cases [1]. However, as CD57 may also be 
present on T-cells in reactive processes accompanied by 
the presence of granular cells, we set out to study if the 
expression of this antigen (CD57) could be indicative of the 
clonality of the T-cell population.

In our series of 131 samples, T clonality (TCR gamma 
rearrangement) was detected in 80 cases. Although this figure 
may be surprising, it has to be borne in mind that our work is 
not a systematic or prospective study of T-cell lymphocytosis, 

but a retrospective analysis of the results obtained in 131 
patients referred to our cytometry unit, mostly from other 
hospitals or centers. However, as can be inferred from 
our results, a TCR rearrangement (“clonality”) was highly 
associated with the expression of CD57 by T cells. As can be 
seen in table 2, TCR rearrangements were associated with a 
higher percentage of T-cells expressing CD57 in comparison 
with the co-expression of CD57 when no rearrangements 
were detected.

Other phenotypic abnormalities were also more frequent 
when TCR was rearranged. Besides some occasional loses of 
CD2 and CD5 pan-T antigens, the most frequently observed 
abnormalities were a lower percentage of CD7 expression and 
the presence of cells with double positivity CD4/CD8 in more 
than 5% of T-cells. The under-expression of CD7 was observed 
in both groups of patients, and although the loss was more 
frequent in TCR rearranged cases, the phenomenon was 
also evident when TCR was in germ-line configuration. This 
finding has been previously reported [4,5,6] yet with differing 
values. On the other hand, the presence of T-cells with a 
CD4+/CD8+ phenotype ( > 5% of T cells) was more frequent 
when TCR was rearranged. The presence of an increase in 
the percentage of double positive cells has been described in 
reactive processes since the nineties [7,8]. It is also of notice 
that our clonal cases were more frequently associated with 
male sex than the reactive ones. Although univariate analysis 
showed that the percentage of CD3/CD57 lymphocytes and 
male sex were associated with TCR rearrangement, only the 
percentage of CD3/CD57+ cells remained as predictive of TCR 
rearrangement when multivariate analysis was performed. 
Several models were analyzed combining the different 
variables studied (data not shown) and none improved the 
results obtained for CD3/CD57+ alone.

TCR rearrangements were detected in 3/10 cases with a 
lymphocyte count lower than 2.0 x109/L, a fact also previously 
described [9] and that emphasizes that T-cell clonality should 
not be excluded a priori when the absolute lymphocyte count 
is normal. This situation allowed some authors to coin the 
term T-cell clonopathy of unknown significance (TCUS) [10] 
and T-cell immunoclone (TICs) [11]. Unfortunately, given that 
the majority of these 131 cases were referred from other 
hospitals or centers of our influence area, it has not been 
possible to track the clinical course of the majority of those in 
whom T cell clonality was detected.

By no means the coincidence of some of these factors 
(CD3/CD57 expression higher than 20%, male gender, partial 
loss of CD7, CD4/CD8 double population) should be considered 
as a surrogate for ordering a TCR analysis by means of 
molecular biology methods or through the use of the recently 
introduced monoclonal antibody TRBC-1 [12] directed against 
the T-cell receptor beta chain constant region 1. In the clinical 
setting of a given patient, and if the phenotypic analysis has 
not included yet anti TRBC-1, the abnormalities described in 
our work, mainly the value of the CD3/CD57 subset, may be 
highly predictive on the state of TCR. In front of the clinical 
dilemma “what to do next” when finding a T lymphocytosis, 
or large granular cells in an otherwise normal lymphocyte 
count, if the CD3/CD57 cells percentage suggests a non-
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clonal disorder a wait-and-see behavior may be appropriated. 
Otherwise, if in the context of a T lymphocytosis (or even 
with a presently normal lymphocyte count) the classical 
phenotypic analysis suggest clonality, a TCR study by PCR or 
by the use of the novel monoclonal antibody TRBC-1 [13,14] 
should be ordered with the aim of confirming or excluding a 
possible T-cell neoplstic disorder, although it has to be also 
considered the possibility of reactive processes with T-cell 
clonality [15], ageing [16], or a TCUS or the presence of TICs, 
as has been described [9,10,11].
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