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Summary 
Several clinical investigations showed that the immune status is a prognostic variable in cancer patients, even tough 

the evaluation of the anticancer immunity is not generally considered in the medical oncology. Several immune 

parameters, including lymphocyte subsets and cytokine blood concentration, had been proposed to quantify the 

functional status of the anticancer immunity, but recent discoveries would suggest that the end-result of the various 

immune interactions is represented by a subtype of CD4 lymphocytes capable of suppressing the antitumor immune 

reaction, the so called T-regulatory lymphocytes (T-reg). This study was performed to detect T-reg count and 

percentage in solid tumor patients, in relation to tumor histotype, disease extension, lymphocyte sub-populations 

and cortisol circadian secretion. The study included 114 consecutive cancer patients affected by the most frequent 

tumor histotypes, 69 of whom showed a metastatic disease. In each patient we evaluated T-reg cells, identified as 

CD4+CD25+, in relation to T helper (CD4), T cytotoxic (CD8) and NK (CD16CD56) cells. Abnormally high values of 

T-reg cells were seen in 52/114 (46%) patients, and the percentage of high values of T-reg was significantly higher in 

metastatic patients than in non-metastatic ones. In contrast, no significant difference was seen in relation to tumor 

histotype. Patients with increased T-reg count had a significantly lower NK cell number. Finally no significant 

difference in T-reg number was seen between patients with altered or normal rithm of cortisol. The study 

confirmed that, irrespectively of tumor histotype the metastatic disease is associated with a progressive and 

increased T-reg generation, with a following suppression of anticancer immunity. 
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I. Introduction 
At present, there is no doubt about the existence of a 

sub-type of T lymphocytes, the so-called T regulatory 

lymphocytes (T-reg), capable of suppressing the cellular 

immune responses,including the anticancer immunity 

(Thomton and Shevach, 2000; Shevach, 2002; von Herrath 

and Harrison, 2003; Schwartz, 2005; von Boehmer, 2005; 

Ziegler, 2006; Zou, 2006). However, the exact definition 

of T-reg cells in terms of cell surface marker expression 

still remains controversial, particularly from a clinical 

point of view. All authors are in agreement to consider T-

reg lymphocytes as CD4+CD25+ cells, but at present it is 

still unknown whether the expression of CD4 and CD25 

antigens may be sufficient to identify T-reg cells 

(Thomton and Shevach, 2000; Shevach, 2002; von Herrath 

and Harrison, 2003; Schwartz, 2005; von Boehmer, 2005; 

Ziegler, 2006; Zou, 2006), since several authors retain that 

the intracytoplasmatic expression of the FOX p3 protein is 

essential for the differentiation into T-reg cells (Ziegler, 

2006; Zou, 2006).Recently, however, some preliminary 

observations would suggest that the cytoplasmatic 

expression of FOX p3 by CD4+CD25+ cells may be 

associated at least in some experimental conditions with a 

diminished, rather than with an enhanced 

immunosuppressive activity of T-reg cells (Siddiqui et al, 

2007). In contrast, all authors agree that the expression of 

CD152 antigen, also called cytotoxic T lymphocyte-

associated antigen-4 (CTLA-4) (Vasu et al, 2004), is 

fundamental for the immunosuppressive activity of T-reg 

cells (Takahashi et al, 2000), since the block of its 

expression by using anti-CTLA-4 monoclonal antibodies 

may abolish the suppressive activity of T-reg cells, with a 

following stimulation of the anticancer immunity in cancer 

patients (Knutson and Disis, 2007) and an enhanced 

incidence of autoimmune diseases in the healthy subjects 

(Lan et al, 2005). Therefore, the addition of a third marker, 

such as CD152 antigen, may allow to define a more 

homogeneous cell population provided by a regulatory 

activity with respect to the simple CD4+CD25+ expression 

(Dieckmann and Plottner, 2001). In fact, the suppressive 

regulatory action of CD4+CD25+CD152+ has appeared to 

be clearly higher than that played by the simple 

CD4+CD25+ T lymphocytes (Leong et al, 2006).This 

finding is not surprising, since the simple expression of 

CD25 marker, corresponding to the !-chain of IL-2 

receptor, is not an exclusive characteristic of T-reg 

lymphocytes, but it is a non-specific property of the 

overall activated T lymphocytes (Thomton and Shevach, 

2000; Shevach, 2002; von Herrath and Harrison, 2003; 

Schwartz, 2005; von Boehmer, 2005; Ziegler, 2006; Zou, 

2006). At present, preliminary clinical studies would show 

that the percent of circulating CD4+CD25+ cells may be 

about 10% of the all CD4+ lymphocytes, and that of 

CD4+CD25+CD152+ cells may be about 40% of the total 

CD4+CD25+ cells, then the expected percent of 

CD4+CD25+CD152+ in the healthy subjects would be less 

than 5% of the total circulating CD4+ lymphocytes (Jago et 

al, 2004). Finally, the expression of glucocorticoid-

induced TNF-! receptor (GITR) is also associated with an 

evident suppressive activity by T-reg lymphocytes 

(Kanamaru et al, 2004), which in fact are stimulated by 

cortisol (Sthephens et al, 2004), that in contrast may 

inhibit the activity of the most other T lymphocytes, 

namely that of T helper lymphocytes, with a following 

diminished production of IL-2 (Claman, 1998). As far as 

the mechanisms responsible for T-reg-induced suppression 

of the anticancer immunity are concerned, several 

experimental observations have shown that T-reg cells 

may suppress the antitumor immune response through the 

release of immunosuppressive cytokines, namely IL-10 

and TGF-" (Dieckmann et al, 2002), even though other 

authors would suggest that the suppressive activity of T-

reg cells on CD4+ and CD8+ lymphocyte activation may be 

relatively independent from the action of cytokines, by 

mainly requiring cell surface contact (Birebent et al, 

2004). IL-2 has been proven to be essential for T-reg 

generation and some authors consider IL-2 as the main 

growth factor of T-reg lymphocytes (Antony and Restito, 

2005), but more adequate studies have demonstrated that 

IL-2 may induce both stimulation and inhibition of T-reg 

generation and activation (Malek and Bayer, 2004). In 

fact, IL-2 has appeared to induce and promote T-reg 

differentiation only in the presence of TGF-" (Chen et al, 

2003). Therefore, IL-2 would constitute the main human 

cytokine in influencing the characteristics of the anticancer 

immunity, since it may be responsible for both activation 

and suppression of an effective immune response against 

cancer cell proliferation and dissemination (Wang et al, 

2001), namely depending on the whole status of the 

cytokine network, in particular on the presence or in the 

absence of adequate concentrations of TGF-". In the 

absence of TGF-", IL-2 stimulates the anticancer 

immunity, whereas it counteracts the generation of an 

effective antitumor immunity in the presence of TGF-". In 

other words, IL-2 would physiologically control both 

tolerance and immunity, depending on the presence of 

TGF-" and other less known factors (Annunziato et al, 

2002). In fact, under cancer immunotherapy with IL-2 the 

percent of T-reg cells has been shown to decrease in 

responding patients and to enhance in those with disease 

progression (Cesana et al, 2006). However, the regulation 

of T-reg functions does not depend only on immune 

factors, since it is also under a neuroendocrine control (Ji 

et al, 2004). In particular, cortisol has appeared to 

stimulate T-reg cell generation (Ji et al, 2004), with a 

following enhanced release of IL-10, by representing the 

main mechanism responsible for cortisol-induced 

immunosuppression. From a clinical oncological point of 

view, preliminary observations showed an enhanced 

percent of circulating CD4+CD25+ lymphocytes in cancer 

patients, namely in those with advanced disease (Sasada et 

al, 2003). The present study was performed to better 

establish which is T-reg behaviour in cancer patients in 

relation to both tumor histotype and disease extension. 

 

II. Materials and methods 
The study included 114 consecutive solid tumor patients 

with locally limited or metastatic disease, whose clinical 

characteristics are shown in Table 1. Lung cancer and 

gastrointestinal tumors were the most frequent neoplasms in our 

patients. For the immune detections, venous blood samples were 

collected in the morning after an overnight fast. Operable 

patients and metastatic patients were investigated before the 
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surgical operation and before the onset of chemotherapy, 

respectively, in an attempt to exclude the possible influence of 

the various anticancer therapies on the immune status of patients. 

In each sample, we have evaluated total lymphocyte count and 

the various lymphocyte subpopulations by a flow cytometric 

assay and monoclonal antibodies, including T helper 

lymphocytes (CD4), T cytotoxic lymphocytes (CD8), NK cells 

(CD16CD56), and T regulatory (T-reg) lymphocytes 

(CD4CD25). Normal values (95% confidence limits) of T-reg 

observed in our laboratory were below 240/mm3. Moreover, 

because of its importance in regulating lymphocyte functions and 

proliferation (Claman, 1998; Sthephens et al, 2004), the circadian 

rhythm of cortisol was also investigated by collecting blood 

samples at 8.00 A.M. and at 4.00 P.M., and cortisol serum 

concentrations were measured in duplicate by using the ECLA 

method. Data were reported as mean +/- SE, and statistically 

analyzed by the Student’s t test, the analysis of variance and the 

chi-square test, as appropriate. 

 

III. Results 
As reported in Table 2, an abnormally high number 

of T-reg was seen in 52/114 (46%) patients. Moreover, the 

percentage of cases with elevated number of T-reg 

observed in metastatic patients was significantly higher 

with respect to that found in non-metastatic patients (44/69 

(64%) vs 8/45(18%), p < 0.01). Table 3 shows the mean 

number of T-reg and the mean percentages of T-reg with 

respect to both total lymphocytes and T helper (CD4+) 

lymphocytes observed in cancer patients in relation to 

their disease extension. The mean number of T-reg 

observed in metastatic patients was higher with respect to 

that found in patients with locally limited disease, without, 

however statistically significant differences. In contrast, 

the mean percentages of T-reg with respect to that of both 

lymphocytes and CD4 cells were significantly higher in 

metastatic patients than in the non-metastatic ones (p< 

0.05 and p< 0.001,respectively). Moreover, within the 

metastatic group, patients with a normal lymphocyte count 

greater than 1500/mm3 showed a significantly higher mean 

number of T-reg with respect to the non-metastatic 

patients, whereas no difference was seen between non-

metastatic patients and metastatic patients with 

lymphocytopenia, consisting of lymphocyte count lower 

than 1500/mm3. In contrast, the mean percentages of T-reg 

with respect to total lymphocytes and CD4+ cells observed 

in both groups of metastatic patients with normal or low 

total lymphocyte count were significantly higher than in 

non-metastatic patients (lymphocytes: p< 0.025, CD4+

 

 

Table 1. Clinical characteristics of 114 solid tumor patients. 

 
Characteristics n 

M/F 53/61 

Median Age (years) 59 (35-76) 

Median performance status 

(Karnofsky’s score) 

90 (70-100) 

Tumor histotypes 

Non-small cell lung cancer 

Breast cancer 

Colorectal cancer 

Gastric cancer 

Pancreatic cancer 

Prostate cancer 

Gynaecologic neoplasms 

 

28 

25 

19 

12 

11 

10 

9 

Disease extension 

locally limited disease 

metastatic disease 

 

45 

69 

Dominant metastasis sites 

Soft tissues 

Bone 

Lung 

Liver 

Lung + liver 

Serouses 

 

6 

11 

18 

16 

9 

9 

 
Table 2. Percentages of abnormally high values of CD4+CD25+ lymphocytes. 

 
Patients n (%) 

Overall patients 

Non-metastatic patients 

Metastatic patients 

52 / 114 (46%) 

8 / 45 (18%) 

44 / 69 (64%)* 

 
* P < 0.01 vs non-metastatic patients. 
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Table 3. Mean number of CD4+CD25+ lymphocytes and their mean percentages with respect to total lymphocytes and 

CD4+ lymphocytes in metastatic and non-metastatic patients. 

 

Patients n 
CD4+CD25+Cells  

(X ± SE) 

% Lymphocytes 

(X ± SE) 

% CD4+ Cells 

(X ± SE) 

Non-metastatic patients 45 185 ± 38 9 ± 2 22 ± 4 

Metastatic patients 

Low lymphocytes number 

Normal lymphocytes number 

69 

18 

51 

304 ± 49 

219 ± 54 

457 ± 61*** 

20 ± 3 * 

22 ± 3 

19 ± 2** 

48 ± 5**** 

51 ± 6**** 

47 ± 4**** 
 

* p<0.05 vs non-metastatic patients; ** p<0.025 vs non-metastatic patients; *** p<0.01 vs non-metastatic patients; **** p<0.001 vs non-

metastatic patients 

 

 

 

cells: p< 0.001). The mean counts of NK and CD8 cells in 

relation to that of T-reg are reported in Table 4. As shown, 

no significant difference in the mean number of CD8 

lymphocytes was found between patients with normal or 

abnormally elevated number of T-reg. On the contrary, 

patients with elevated number of T-reg showed a 

significantly lower number of NK cells with respect to that 

found in those with normal T-reg count. Finally, Table 5 

shows the circadian rhythm of cortisol in relation to total 

lymphocytes, CD4+ cells and T-reg mean number. A 

normal cortisol rhythm, with morning values greater at 

least than 50% with respect to the values occurring during 

the afternoon, was found in 85/114 (75%). Total 

lymphocyte and CD4+ cell mean numbers observed in 

patients with altered cortisol rhythm were significantly 

lower than those found in patients with normal cortisol 

circadianicity (p<0.01), whereas no significant difference 

was seen in the mean number of T reg. Figure 1 and 

Figure 2 illustrate T-reg mean numbers in relation to 

tumor histoptypes in the overall patients and with respect 

to their disease extension, respectively. No significant 

difference was seen in relation to tumor histotype. The 

highest values of T-reg were observed in pancreatic cancer 

patients, without however significant differences with 

respect to the overall other histotypes. The metastatic 

disease was associated with a higher number of T-reg with 

respect to the non-metastatic group in all tumor histotypes, 

even though a statistically significant differences occurred 

for the only breast cancer (p<0.05) and colorectal cancer 

(p< 0.01). 

 

IV. Discussion 
According to previous preliminary clinical 

investigations (Sasada et al, 2003; Cesana et al, 2006), this 

study confirms in a greater number of cancer patients that 

the metastatic disease is characterized by the evidence of 

an abnormally increased percentage of T-reg lymphocytes 

with respect to both total circulating lymphocytes and 

CD4+ lymphocytes. This finding does not seem to 

represent a specific characteristic of some tumor 

histotypes, then it could constitute a general alteration 

occurring during the progression of the neoplastic disease, 

by representing a fundamental immune parameter of 

cancer-related immunosuppression.

 

 

Table 4. Mean values of NK cells and CD8+ lymphocytes in cancer patients with normal or abnormally high values of 

CD4+CD25+ lymphocytes. 

 

Patients n NK cells (n/mm3) 

(X ± SE) 

CD8+ lymphocytes (n/mm3) 

(X ± SE) 

Normal values of CD4+CD25+ cells 

High values of CD4+CD25+ cells 

62 

52 

339 ± 34 

204 ± 22 * 

439 ± 55 

506 ± 57 

 
* p<0.05 vs normal values of CD4+CD25+ lymphocytes. 

 
Table 5. Mean numbers of total lymphocytes, T helper (CD4+) lymphocytes and T regulator lymphocytes (CD4+CD25+) in 

relation to cortisol circadian secretion in cancer patients. 

 

N/mm3 (X ± SE) 
Cortisol circadian secretion 

n  

Lymphocytes CD4+ cells CD4+CD25+ cells 

Normal cortisol rhythm 

Altered cortisol rhythm 

85 

29 

1978 ± 69 * 

1537 ± 81 

944 ± 65 * 

623 ± 87 

209 ± 48 

244 ± 55 

 
* P<0.01 vs patients with altered cortisol rhythm 
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Figure 1. CD4+CD25+ lymphocyte mean number in relation to tumor histotype. 

 

 

 
 

Figure 2. CD4+CD25+ lymphocytes in relation to tumor histotype in metastatic and non-metastatic cancer patients. 

 

 

Several immune molecules have appeared to suppress the 

anticancer immunity, namely IL-6, IL-10, IL-1, TNF-! 

and TGF-", but it seems that the common end result of 

their mechanisms of action may be represented by the 

stimulation of T-reg generation, with a consequent 

inhibition of the activation of an effective anticancer 
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immune reaction. On the same way, several immune cells 

are able to suppress the anticancer immunity, including 

macrophages, T helper-2 lymphocytes and some myeloid-

derived suppressor cells, but also in this case they would 

act in a suppressive way by promoting the generation of T-

reg. Then, the detection of T-reg amounts in terms of both 

absolute number and percentages with respect to total 

lymphocytes and CD4+ cells could constitute a simple and 

adequate clinical immune parameter to quantify the whole 

status of the anticancer immunity in the single cancer 

patient. Moreover, future clinical studies will be required 

to establish the possible prognostic significance of changes 

in T-reg percentage and number in relation to the 

anticancer efficacy of the various standard antitumor 

therapies. Moreover, it has to be remarked that T-reg 

lymphocytes would not represent the only immune cells 

involved in the suppression of the anticancer immunity. In 

fact, there is at least another fundamental 

immunosuppressive system, consisting of the monocyte-

macrophage cell lineage (Sica and Bronte, 2007). In more 

detail, it has been observed that the bone marrow may 

release myeloid precursors provided by suppressive 

activity on the antitumor immune response and defined as 

myeloid-derived suppressor cells (MDSC) (Kusmartsev 

and Gabrilovich, 2005). These cells have appeared to be 

characterized by the cell surface expression of GR-1, 

CD11b and CD80 antigens (Anderson et al, 2002; van 

Ginderachter et al, 2006). The myeloid suppressor cells 

would promote the generation and activation of T-reg 

lymphocytes, which at the other side would stimulate 

MDSC release from the bone marrow and M2 macrophage 

differentiation (Terabe et al, 2003; Wie et al, 2006). 

Moreover, the myeloid suppressive cells would inhibit the 

anticancer immunity by promoting macrophage 

differentiation into the M2 sub-type (Ikemoto et al, 2003), 

which plays a clear inhibitory effect on the anticancer 

immunity, namely through the release of IL-6 (Ueno et al, 

2000), whereas the M1 macrophage sub-type may either 

stimulate or suppress the antitumor immunity (Mantovani 

et al, 2004). M1 and M2 macrophage sub-types have 

appeared to be characterized by a high production of IL-12 

or IL-10, respectively (Ueno et al, 2000). 

Then, further studies by concomitantly evaluating T 

reg and MDSC count, will contribute to better define the 

immune mechanism responsible for the suppression of the 

anticancer immunity. 
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