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Abstract
T helper cells of Th1, Th2, Th17 and Treg phenotypes play a key role in the orientation of the immune response and can be usefully tested in immune dysregulations. Selective expression of chemokine
receptors and other surface molecules in Th1, Th2 and Th17 cells can be used to identify these subpopulations. CD195 (CCR5) has been shown to be expressed by Th1 lymphocytes, while CD194
(CCR4) and CD161 are expressed by Th2 and Th17 lymphocytes, respectively. At present reference values for these subpopulations are still few. The aim of this work is to contribute to the development
of reference values for Th1, Th2, Th17 and Treg. The present retrospective analysis on data collected over the last few years using a CyFlow Cube 8 flow cytometer (Sysmex Partec), provides values for
each subpopulation from outpatients selected for the study, so as to exclude lymphoblastic as well as lymphopenic subjects. The phenotypes were identified as follows: CD3/CD4/CD195(CCR5) for Th1;
CD3/CD4/CD194(CCR4) for Th2; CD3/CD4/CD161 for Th17; CD4/CD25bright/Foxp3 for Treg lymphocytes. Sample description after inclusion/exclusion criteria: age 46±13; sex: F=60 M=34; Lymphocytes 2106±539/µl; T lymphocytes 1588±421/µl (71%±20); T helper lymphocytes 973±284/µl (47%±10) – motive of the exam: allergopathy (6); autoimmune disease (51); tumor (16); infection (16); checkup (5). Results: Th1 Th2 (N=59): Th1 108±64/µl (5%±2,7); Th2 92±63/µl (4,2%±2,4); Th1/Th2 1,4±0,8 – Th17 (N=62) 181±79/µl (8,8%±3,9); Treg (N=89): 19±17/µl (0,9%±0,7). (Values are mean±SD). The
results show that despite the high variability of the data, which suggest a high sensitivity of these type of cells for disease-related variations, the mean values are rather consistent in all age or sex subgroups, suggesting that the mean values obtained from this sample could actually be used as initial laboratory internal reference, for the evaluation of the cytokinergic phenotype with relation to specific
pathophysiological pattern.

Introduction
Flow cytometric analysis of lymphocyte subpopulations is usually performed on major lymphocyte populations, while specific phenotypes are analyzed according to specific diagnostic indications. Among
the major immune cell phenotypes are T lymphocytes, usually further characterized in T helper and T cytotoxic lymphocytes, B lymphocytes and Natural Killer cells. Despite the numerous associations between other specific subsets and disease states, a further sub-characterization is usually not performed in the standard lymphocyte phenotyping routine, an analysis still used most of the times as simply
an extension of the blood cell count. Addition of specific phenotype is usually performed if a particular immunologic condition is suspected, or to monitor immunodeficiencies or lymphoproliferative diseases. Despite this limited approach in the routine lymphocyte subpopulation analysis, toady we know that alterations of some lymphocyte phenotypes known to regulate immune functions, are key in understanding the functional implications related to specific conditions. Thus, introducing in the routine these immune phenotypes can allow a further exploitation of the analysis. T helper cells of Th1, Th2, Th17
and Treg phenotypes are such an example. These lymphocytes are known key players in the immune-inflammatory chain of molecular events leading to amplification or suppression of specific immune elements, thus orienting the immune response towards effective resolution or disease chronicization. These lymphocytes are functionally specialized and their role is to direct the immune response towards
specific functions, or to attenuate them, according to an equilibrium in which these same cells, through the production of specific cytokines, restrict each other’s own activity. These features are very important in the correct immune response to a specific challenge, but also, in the case for example of autoimmune diseases or allergic phenomena, in abnormal or misdirected immune responses. T helper
subtypes have been shown in some cases to associate to certain disease states and can be monitored in such conditions. Unlike other phenotypes, the production of cytokines requires de novo synthesis
and, with respect to most other immunophenotypes expressed in the lymphocyte outer membrane, this has limited their routine analysis. Nevertheless selective expression of chemokine receptors and
other surface molecules on the outer lymphocyte membrane of Th1, Th2 and Th17 cells has been demonstrated, thus allowing a more rapid and less variable analysis of those lymphocytes. In particular
CD195 (CCR5) has been shown to be expressed by Th1 lymphocytes, while CD194 (CCR4) and CD161 are expressed by Th2 and Th17 lymphocytes, respectively. This has facilitated the introduction in
the diagnostic routine of the analysis of these phenotypes. However, at present the data on the reference values for these subpopulations are still few and various laboratories are working towards the
building of reference values. The aim of this work is to contribute to the development of reference values for the helper T cells Th1, Th2, Th17, T reg lymphocytes.

Methods
A retrospective observational analysis on lymphocyte subset data collected over the past few years was performed using the Data Medica Padova Laboratory database. Data from flow immunofluoricytometric analysis of lymphocyte subpopulations in outpatients referring to the laboratory in the last 3 years were collected and analysed. The study included all the samples with least one of the following phenotypes: Th1, Th2, Th17 and Th reg cells. Samples from lymphoblastic subjects, as well as from subjects with lymphocytosis, diagnosed immunodeficiencies, or other linphopenic conditions
were not included in the study. Mean and standard deviation values for each subpopulation from patients were evaluated in order to obtain the reference values.
Flow cytometry was performed with a three fluorescence CyFlow Cube 8 flow cytometer (Sysmex Partec®), according to manufacturer’s instructions.
Total Lymphocyte number was obtained from BCC. Phenotypes were identified using the following fluorescent antibodies: T3 lymphocytes: anti-CD3 PERCP; T helper lymphocytes: anti-CD3 Percp, antiCD4 FITC; Th1 lymphocytes: anti-CD3 APC, anti-CD4 FITC, anti-CD195 PE; Th2 lymphocytes: anti-CD3 APC, anti-CD4 FITC, anti-CD194 Percp - eFluor 710; Th17 lymphocytes: anti-CD3 PERCP, antiCD4 FITC, anti-CD161 PE; Treg lymphocytes: anti-CD4 FITC, anti-CD25 PE, anti-FOXP3 PE Cyanine5.
Final values for each phenotype were collected from the lab database according to the exam classification for each the specific exam so that patient identities were always protected. Final data were then
grouped according to specific phenotypes and characteristics and compared to the proper reference. T test was used to verify significant differences. The project was performed following official ethics
guidelines and was submitted to the local Ethics Committee as requested by national regulations.
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TABLE 4
Lymphocyte Th17 subpopulation values

TABLE 3
Lymphocyte Th1 and Th2 subpopulations values

Age ranges:1: 18-35; 2: 36-55; 3: 56-76. Values are mean ± SD. Comparisons between total vs each subgroup were not
significantly different (p> 0,001)

TABLE 5
Lymphocyte Th regulatory subpopulation values

Age ranges:1: 18-35; 2: 36-55; 3: 56-76. Values are mean ± SD. Comparisons between total vs each subgroup were not significantly different (p> 0,001)
Age ranges:1: 18-35; 2: 36-55; 3: 56-76. Values are mean ± SD. Comparisons between total vs each subgroup were
not significantly different (p> 0,001)

Results and conclusions
Tables 1 and 2 show the characteristics of the sample of outpatients. Tables 3 to 5 show the results for each Th phenotype. Half of the initial sample was eliminated because lymphocyte values indicated a clear
lymphopathic condition (either a lymphocytosis or a lymphopenic condition). In the end a total of 94 samples were considered for one or more of the investigated phenotypes. The general values obtained for total lymphocytes, T lymphocytes and T helper lymphocytes were all within the normality range. Lymphocyte values tend to diminish with age, though not significantly. Table 3 shows the results for Th1 and Th2
phenotypes. Values are highly variable and tend to diminish with age, following a trend seen with most T cell populations. Th1 values, though, as expected, are consistently higher than Th2 values, in all groups
with a mean ratio of 1.4. Table 4 shows the results for Th17 phenotype. This chemochinergic/cytokinergic phenotype, consider an immune-inflammatory hallmark, is consistently higher than the other twos in all
groups considered and does not seem to diminish with age. Table 5 shows the results for Th regulatory lymphocytes. This phenotype seems to be the least expressed one, which is not surprising, considering
its associations with active disease states, conditions which might have been excluded with the initial selection, where samples with excessively altered general lymphocyte values, were eliminated from the
analysis. This phenotype is the most variable among those considered as would be expected from a population devoted to a fine regulatory function. The results show that despite the high variability of the data, which suggest a high sensitivity of these type of cells for disease-related variations, the mean values are rather consistent in all age or sex subgroups, for all the phenotypes analyzed, suggesting that the
mean values obtained from this sample could actually be used as initial laboratory internal reference, for the evaluation of the cytokinergic phenotype with relation to specific pathophysiological patterns. Given
that a particular attention was paid for simplicity of the assay and feasibility of the exam, a limited number of test tubes, antibodies and fluorescent probes was pursued, to achieve an affordable and easy assay
with very little sample manipulation, providing actionable immunologic data that can enrich the lymphocyte subpopulations routine. In particular these data aim to give a contribution to the establishment of standard reference data for Th1 Th2 Th17 and Threg subpopulations.

