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A B S T R A C T

Regulatory T cells (Tregs) are CD4+ T cells that express CD25 and transcription factor Forkhead box P3
(FOXP3), and Tregs play a central role in regulation of tumor immunity. FOXP3 immunohistochemistry has been
widely used to study Tregs in paraffin embedded tissue, and flow cytometry using fresh tissue has been used to
identify FOXP3+/CD25+ double positive Tregs. In our study, we validated the FOXP3/CD25 double staining
antibody cocktails for detecting Tregs in paraffin-embedded tissue. Tissue microarrays (TMA) included 115
malignant tumors, 3 ovarian mucinous borderline tumors and 15 benign tissues. Digital image analysis was
performed using ImageJ software. Our results showed that FOXP3/CD25 double positive lymphocytes, a subset
of FOXP3+ lymphocytes, accounted for variable percentage of the total FOXP3+ lymphocytes and they were
positively correlated with FOXP3+ cell counts. Tumors from different sites had variable FOXP3+/CD25+ and
FOXP3+ lymphocyte counts. Tumors from lung, head & neck and colon had more and renal cell carcinoma had
minimal FOXP3+/CD25+ and FOXP3+ lymphocytes. In conclusion, FOXP3/CD25 double staining antibody
cocktails can be easily applied to paraffin-embedded tissue, and FOXP3+/CD25+ Tregs count was positively
correlated with FOPX3+ Tregs count but they were not interchangeable. We recommend using CD25/FOXP3
double staining for studying Tregs in tumor tissue.

1. Introduction

Regulatory T cells (Tregs), a subpopulation of T cells and usually
defined as CD4+CD25+FOXP3+ T cells, play a central role in reg-
ulation of immune responses to self-antigens, allergens, infectious
agents and tumors [1]. Tregs have the ability to inhibit host versus
tumor immunity in the tumor microenvironment by suppressing anti-
tumor CD8+ lymphocytes [2-4], and they have been proposed to
dampen functions of anti-neoplastic immune cells and thus promote
cancer progression [5]. Tregs have high numbers in tumor tissue
compared to the surrounding non-tumor tissue [6-9], and Tregs are
considered as a prognostic biomarker for human malignant tumors
[10,11].

Tregs are characterized by high expression of IL-2 receptor α chain
(CD25) and FOXP3. FOXP3 is a forkhead helix transcription factor
which functions as a master regulator in the development and control of
Tregs and it has been considered as the most specific and reliable sur-
face marker of Tregs [12-14]. Therefore, Tregs are often evaluated by

using FOXP3 immunohistochemistry. However, FOXP3+ T lympho-
cytes are heterogeneous cells, and FOXP3+/CD25+ and FOXP3+/
CD25- Tregs may have different functions. It is very important to use
more than one marker to identify Tregs subsets in human cancer tissues
[15]. However, the method for identifying Tregs with FOXP3/CD25
double staining in the literature was mainly by flow cytometry analysis
[16-18], which has limitations of requiring fresh tissue and lacking
other important information such as the distribution of Tregs in tumor
tissue. Immunohistochemistry for FOXP3/CD25 double stains on par-
affin embedded tissue has not been well documented in the literature.
Here we report our experience of using FOXP3/CD25 double stain an-
tibody cocktails in different types of tumor tissue. The correlation
among FOXP3+/CD25+, FOXP3+ and CD45+ lymphocytes was also
analyzed.

2. Materials and methods

This study was approved by the Institutional Review Board (HSC-
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MS-14-1023), and total 133 different types of tissue (See Table 1) were
used for tissue microarray (TMA) construction.

2.1. TMA construction

TMA was manually constructed using 2.0 mm punch cores from the
paraffin embedded tissue blocks. One Hematoxylin & Eosin (H&E)
stained slide was reviewed to confirm the diagnosis for each TMA.

2.2. IHC staining protocol

The 4-μm thick unstained sections on charged slides were used for
immunohistochemistry. The FOXP3/CD25 double staining antibody

cocktails were made by using rabbit anti-human CD25 (1:100, Abcam,
ab128955, Cambridge, MA) and mouse anti-human FOXP3 (1:200,
Abcam, ab20034, Cambridge, MA). Mouse anti-human CD45
(1:100,Dako, 00087397, Santa Clara, CA) was used for identifying all
lymphocytes. All primary antibodies were diluted in GeneTex antibody
diluent (GeneTex, GTX28208, Irvine, CA). For FOXP3/CD25, the
double staining secondary antibody was from Biocare Medical with
mouse-HRP and rabbit-AP (Biocare Medical, MRCT525H, Pacheco, CA).
For CD45, the secondary antibody was from Vector ABC R-T-U uni-
versal kit (VECTOR LABS, PK-7200, Burlingame, CA).

Briefly, after the xylene x 3 times deparrafin treatment and se-
quential alcohol rehydration, sections of TMA were treated with TE
buffer (pH=9.0) at 100 °C for 45min using a steamer for antigen re-
trieval. After cooling in room temperature for 30min, endogenous
peroxidase activity was blocked with 3% hydrogen peroxide solution.
Then nonspecific binding was blocked with nonimmune horse serum
(VECTOR LABS, S-2000, Burlingame, CA) for 20min. The primary an-
tibodies of anti FOXP3/CD25 cocktails and anti CD45 were incubated
for 1 h at room temperature in a moisture chamber. Five times washing
was performed with 1× PBS washing buffer between the primary and
secondary antibodies. The Biocare Medical double secondary antibody
for FOXP/CD25 or ABC R-T-U for CD45 was incubated at room tem-
perature for 30min. Signals were visualized after adding 3, 3′-diami-
nobenzidine tetrahydrochloride (DAB) and Vulcan Fast Red
Chromogens. Tonsil tissue was used as the positive control, and TMA
section with no primary antibody served as the negative control.

2.3. FOXP3+/CD25+, FOXP3+, and CD45+ lymphocyte evaluation

The IHC stained slides were reviewed by a board certified surgical
pathologist, and 3 pictures in 3 different fields with the most active
signals were taken at 400× with the surface area of each image about
0.088mm2. The digital images were analyzed with ImageJ software for
FOXP3+/CD25+, FOXP3+, and CD45+ lymphocytes. The cell counts

Table 1
Variety tissue types used for TMA.

Organ types Malignant neoplasms(n) Borderline or benign tissue (n) Total

Ovary 14 3 17
Uterus 11 2 13
Breast 9 4 13
Kidney 19 0 19
Head & neck 5 0 5
Colorectal 21 1 22
Pancreas 4 5 9
Lung 9 0 9
Liver 4 1 5
Soft tissue 8 0 8
Uterine cervix 2 0 2
Lymph nodes 3 0 3
Stomach 3 0 3
Skin 1 0 1
Testicle 1 0 1
Heart 0 1 1
Pleura 1 0 1
Placenta 0 1 1
Total 115 18 133

Fig. 1. H&E images (200×) of head neck squamous cell carcinoma (A), colorectal adenocarcinoma (B), breast invasive ductal carcinoma (C), and renal clear cell
carcinoma (D); Images E, F, G and H the corresponding FOXP3 (brown nuclear stain) and CD25 (red cytoplasm/membrane stain) double antibody cocktail images
(400×); Images I, J, K, and L the corresponding CD45 images (400×). (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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were converted to cell density which was expressed as cell count/mm2.

2.4. Statistical analysis

The t-test was used for comparing the cell density, and Pearson
correlation analysis was used for studying the correlations between
FOXP3+, and FOXP3+/CD25+, and CD45+ lymphocytes. The
p < 0.05 was used as the cutoff for statistical significance.

3. Results

FOXP3/CD25 antibody cocktails were successfully performed in all
the tested tissue on the TMA, and the FOXP3+/CD25+ and FOXP3+
lymphocytes were seen in both intraepithelial and tumor stroma
(Fig. 1). The FOXP3+, FOXP3+/CD25+ and CD45+ lymphocytes
were counted with ImageJ software. Using Pearson Correlation ana-
lysis, FOXP3+ and FOXP3+/CD25+ lymphocytes had strong positive
correlation (r= 0.76), but FOXP3+ and FOXP3+/CD25+ lympho-
cytes showed weak positive correlation with the CD45+ lymphocytes
(r= 0.26 and 0.14 respectively).

The FOXP3+ and FOXP3+/CD25+ lymphocyte count showed
significant variation among different types tumor tissues (Table 2).
Renal clear cell carcinoma had the lowest and lung carcinomas (both
adenocarcinoma and squamous cell carcinoma) had the highest
FOXP3+ and FOXP3+/CD25+ lymphocytes among all studied tumor
tissues.

4. Discussion

Tregs are considered as the suppressor of antitumor immunity in
cancer-bearing hosts, and infiltration of Tregs in tumor stroma reflects
the host local immune condition [19,20]. The degree of Tregs infiltra-
tion is associated with the prognosis in various types of cancer [21-25].
Currently, detecting FOXP3+/CD25+ Tregs is usually performed with
flow cytometry [16-18,26]; however, flow cytometry analysis can only
use the fresh tissue. Most available tumor tissues are paraffin em-
bedded, and IHC is the most valuable method for studying Tregs in
formalin-fixed, paraffin-embedded tissues. In our study, we established
an IHC protocol using the FOXP3/CD25 antibody cocktail to detect the
FOXP3+ and FOXP3+/CD25+ Tregs in different types of tumor tis-
sues. Immunohistochemistry with FOXP3/CD25 double staining will
provide some detailed information about the different types of Tregs
and distribution of Tregs in tumor tissue which may have prognostic
values.

Our study showed variable FOXP3+ and FOXP3+/CD25+ Tregs
counts and variable FOXP3+/CD25+ to FOXP3+ ratio in different
tumor types. Head & neck squamous cell carcinoma (HNSCC), lung SCC
and lung adenocarcinoma had high FOXP3+ Tregs count, and renal
clear cell carcinoma (RCCC) had the lowest FOXP3+ cell count. For
FOXP3+/CD25+ double positive lymphocytes, HNSCC, lung SCC,
colorectal carcinoma and pancreatic ductal carcinoma were among the
top 4 tumors with high count, and RCCC had the lowest count. The
FOXP3+/CD25+ to FOXP3+ ratio was variable ranging from 0.05 to
0.41. Pancreatic ductal carcinoma had the highest ratio (0.41) and lung
adenocarcinoma had the lowest ratio (0.05). The significant variation
on Tregs cell counts and variable ratio between FOXP3+ and
FOXP3+/CD25+ in different tumors may reflect the different tumor
immunity. Also, the FOXP3+ and FOXP3+/CD25+ counts were only
weakly correlated with the total tumor infiltrating lymphocytes (TILs,
CD45+ cells), indicating the cellular composition of TILs may be im-
portant for studying tumor immunity. Even though the FOXP3+ and
FOXP3+/CD25+ lymphocyte counts had strong overall positive cor-
relation (r= 0.76) in general, the FOXP3+/CD25+ to FOXP3+ ratio
showed significant variation among different types of tumors. Further
analysis on FOXP3+, FOXP3+/CD25-, and FOXP3+/CD25+ Tregs
counts and the distribution in tumor tissue by IHC may provide more Ta
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information on tumor immunity and may help to guide targeted
therapy on tumors.

5. Conclusions

The IHC using FOXP3/CD25 antibody cocktail can be easily per-
formed on all formalin-fixed paraffin embedded tumor tissues for
studying Tregs, and the FOXP3/CD25 double staining IHC provides
more information on the Tregs distribution (intraepithelial vs stroma)
and the subtypes and functions of different Tregs (such as FOXP3+/
CD25+ vs FOXP3+/CD25-). Digital image auto-analysis software can
make the IHC Tregs evaluation more objective and feasible.

Funding sources

Department of Pathology and Laboratory Medicine, University of
Texas Health Science Center at Houston, TX.

Conflict of interest disclosure

We have no conflict of interest to declare.

Disclosure

None.

References

[1] Wei S, Kryczek I, Zou W. Regulatory T-cell compartmentalization and trafficking.
Blood 2006;108(2):426–31.

[2] deLeeuw RJ, Kost SE, Kakal JA, et al. The prognostic value of FoxP3+ tumor-in-
filtrating lymphocytes in cancer: a critical review of the literature. Clin Cancer Res
2012;1(18):3022–9.

[3] Yoon HH, Orrock JM, Foster NR, et al. Prognostic impact of FoxP3+ regulatory T
cells in relation to CD8+ T lymphocyte density in human coloncarcinomas. PLoS
One 2012;7:e42274.

[4] Peng LS, Zhuang Y, Shi Y, et al. Increased tumor-infiltrating CD8(+)Foxp3(+) T
lymphocytes are associated with tumor progression in human gastric cancer. Cancer
Immunol Immunother 2012;61:2183–92.

[5] Sander FE, Nilsson M, Rydström A, et al. Role of regulatory T cells in acute myeloid
leukemia patients undergoing relapse-preventive immunotherapy. Cancer Immunol
Immunother 2017;66:1473–84.

[6] Que Y, Xiao W, Guan YX, et al. PD-L1 expression is associated with FOXP3+ reg-
ulatory T-cell infiltration of soft tissue sarcoma and poor patient prognosis. J Cancer

2017;8:2018–25.
[7] Syed Khaja AS, Toor SM, El Salhat H, et al. Preferential accumulation of regulatory

T cells with highly immunosuppressive characteristics in breast tumor micro-
environment. Oncotarget 2017;8:33159–71.

[8] Ward ST, Li KK, Hepburn E, et al. The effects of CCR5 inhibition on regulatory T-cell
recruitment to colorectal cancer. Br J Cancer 2015;112:319–28.

[9] A1 Girardin, McCall J, Black MA, et al. Inflammatory and regulatory T cells con-
tribute to a unique immune microenvironment in tumor tissue of colorectal cancer
patients. Int J Cancer 2013;132:1842–50.

[10] Jang TJ. Progressive increase of regulatory T cells and decrease of CD8+ T cells and
CD8+ T cells/regulatory T cells ratio during colorectal cancer development. Korean
J Pathol 2013;47:443–51.

[11] Pan XD, Mao YQ, Zhu LJ, et al. Changes of regulatory T cells and FoxP3 gene
expression in the aging process and its relationship with lung tumors in humans and
mice. Chin Med J (Engl) 2012;125:2004–11.

[12] Yagi H, Nomura T, Nakamura K, et al. Crucial role of FOXP3 in the development
and function of human CD25+CD4+ regulatory T cells. Int Immunol
2004;16:1643–56.

[13] Campbell DJ, Ziegler SF. FOXP3 modifies the phenotypic and functional properties
of regulatory T cells. Nat Rev Immunol 2007;7:305–10.

[14] Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the development and
function of CD4+CD25+ regulatory T cells. J Immunol 2017;198:986–92.

[15] Ward-Hartstonge KA, Kemp RA. Regulatory T-cell heterogeneity and the cancer
immune response. Clin Transl Immunol 2017;6:e154.

[16] Liu C, Wu S, Meng X, et al. Predictive value of peripheral regulatory T cells in non-
small cell lung cancer patients undergoing radiotherapy. Oncotarget
2017;8:43427–38.

[17] Aggarwal S, Sharma SC, N Das S. Dynamics of regulatory T cells (Tregs) in patients
with oral squamous cell carcinoma. J Surg Oncol 2017;116:1103–13.

[18] Mo L, Chen Q, Zhang X, et al. Depletion of regulatory T cells by anti-ICOS antibody
enhances anti-tumor immunity of tumor cell vaccine in prostate cancer. Vaccine
2017;35:5932–8.

[19] Miyara M, Sakaguchi S. Natural regulatory T cells: mechanisms of suppression.
Trends Mol Med 2007;13:108–16.

[20] Tanchot C, Terme M, Pere H, et al. Tumor-infiltrating regulatory T cells: phenotype,
role, mechanism of expansion in situ and clinical significance. Cancer Microenviron
2013;6:147–57.

[21] Watanabe MA, Oda JM, Amarante MK, et al. Regulatory T cells and breast cancer:
implications for immunopathogenesis. Cancer Metastasis Rev 2010;29:569–79.

[22] Raghavan S, Quiding-Järbrink M. Regulatory T cells in gastrointestinal tumors.
Expert Rev Gastroenterol Hepatol 2011;5:489–501.

[23] Nabeki B, Ishigami S, Uchikado Y, et al. Interleukin-32 expression and Treg in-
filtration in esophageal squamous cell carcinoma. Anticancer Res 2015;35:2941–7.

[24] Hanakawa H, Orita Y, Sato Y, et al. Regulatory T-cell infiltration in tongue squa-
mous cell carcinoma. Acta Otolaryngol 2014;134:859–64.

[25] Lunardi S, Jamieson NB, Lim SY, et al. IP-10/CXCL10 induction in human pan-
creatic cancer stroma influences lymphocytes recruitment and correlates with poor
survival. Oncotarget 2014;5:11064–80.

[26] Pitoiset F, Barbié M, Monneret G, et al. A standardized flow cytometry procedure
for the monitoring of regulatory T cells in clinical trials. Cytometry B Clin Cytom
2018;94:621–6.

X. Liu et al. Annals of Diagnostic Pathology 38 (2019) 67–70

70

http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0005
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0005
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0010
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0010
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0010
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0015
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0015
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0015
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0020
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0020
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0020
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0025
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0025
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0025
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0030
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0030
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0030
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0035
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0035
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0035
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0040
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0040
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0045
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0045
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0045
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0050
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0050
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0050
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0055
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0055
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0055
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0060
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0060
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0060
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0065
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0065
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0070
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0070
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0075
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0075
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0080
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0080
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0080
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0085
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0085
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0090
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0090
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0090
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0095
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0095
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0100
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0100
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0100
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0105
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0105
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0110
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0110
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0115
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0115
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0120
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0120
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0125
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0125
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0125
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0130
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0130
http://refhub.elsevier.com/S1092-9134(18)30343-5/rf0130

	FOXP3 and CD25 double staining antibody cocktails identify regulatory T cells in different types of tumor tissues using tissue microarrays
	Introduction
	Materials and methods
	TMA construction
	IHC staining protocol
	FOXP3+/CD25+, FOXP3+, and CD45+ lymphocyte evaluation
	Statistical analysis

	Results
	Discussion
	Conclusions
	Funding sources
	Conflict of interest disclosure
	Disclosure
	References




