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ABSTRACT
Introduction: Teucrium montanum has been traditionally used for immune system strengthen-
ing. However, T cell-related mechanisms of the Teucrium species remain poorly understood. In
this study, we investigated the impact of T. montanum extracts and their fractions in stimulating
proliferation and, more importantly, in differentiation into effectors and memory T cells. Methods:
The dried, aerial part of T. montanum was extracted in four different solvents: petroleum ether,
dichloromethane, ethyl acetate, and methanol. A total of 67 fractions were subsequently collected
from the dichloromethane extract in a stepwise gradient system of petroleum ether/acetone fol-
lowed by methanol. An Alamar Blue assay and flow cytometry were employed to characterize
the influence on T cell response by the plant extracts or fractions. Results: The dichloromethane
extract showed promotive effects on the proliferation and activation of total lymphocytes, and
this was more prominent in CD8+ T cells. Among the 67 fractions from the dichloromethane ex-
tract, nine were found to demonstrate pro-proliferative activity. Further testing revealed that three
methanolic or acetone subfractions out of the nine fractions were able to either promote effec-
tor/effector memory differentiation of primed CD8+ T cells or skew the T cells into a central mem-
ory phenotype. Conclusion: Our results suggest that T.montanum can drive proliferation of T cells
and regulate the development of effector and memory populations, apparently corroborating the
reported immunological benefits of T. montanum.
Key words: Teucrium montanum extract, fraction, cell proliferation, T-cell differentiation, Tcm,
Teff/Tem, Tpe

INTRODUCTION
Teucrium L., a large genus of perennial plants in the
family Lamiaceae, is well known for its ability to pre-
vent and cure a variety of illnesses. So far, more than
300 Teucrium species have been discovered globally.
In particular, T. montanum L. has been used in tra-
ditional medicine since ancient times. Its numer-
ous pharmacological activities are linked to a vari-
ety of purported beneficial effects regarding the inhi-
bition of oxidative stress, proinflammatory response,
allergenic reaction, microbial infection, insect infes-
tation, and malignancy 1–7. It has also been used to
treat cutaneous and pulmonary tuberculosis8. For
these reasons, it is considered to be a viable thera-
peutic option for various kinds of ailments and disor-
ders, including cardiovascular disease, neurodegener-
ative disease, intestinal spasms, diarrhea, rheumatoid
arthritis, inflammatory bowel disease, diabetes, and
hyperlipidemia9–11. T. montanum acts as a healing
herb and is capable of protecting from microbial in-
fection, cirrhosis, and cancer, particularly in the res-
piratory and digestive tracts1,12–15. Notably, it has

demonstrated strong antiproliferative activity, induc-
ing early apoptosis of tumor cells as opposed to pro-
moting apoptosis in the late stage as in the case of T.
polium, for example2.
One of the most prominent effects of T. montanum
is its ability to strengthen the immune system3,16.
T. montanum has commonly been used, often in the
form of infusion, for its remarkable medicinal bene-
fits17,18. It is well known for being particularly rich
in polyphenol antioxidants, which have a strong cyto-
protective activity and have the capacity to raise im-
munity levels9,19. Its methanolic extracts have been
found to be capable of targeting tumorswhile preserv-
ing resting or activated immune cells in the periph-
eral blood, thereby strengthening the immune sys-
tem’s response against cancer or reinforcing cancer
immunotherapy 20. Studies have also shown that T.
montanum contains a significant amount of the es-
sentialminerals that are important for supporting and
boosting immune function21. How immune cells are
mechanistically involved in response to T. montanum
stimulation remains unknown. Investigation of the
immunological effects of otherTeucrium species, such

Cite this article : Li J J, Ma S, Wang Y, Wang M, Li M, Gao C, Zhang L, Li Y, Liu Y, Stevanović Z D, Tanić N, 
Arsenijevic N, Yu S, Zhu Q. Teucrium montanum extract drives effector and memory differentiation 
of CD8+ T cells. Biomed. Res. Ther. 2023; 10(11):6023-6034.

6023

History
• Received: Sep 28, 2023
• Accepted: Nov 21, 2023
• Published Online: Nov 30, 2023

DOI : 10.15419/bmrat.v10i11.844

Copyright

© Biomedpress. This is an open-
access article distributed under the 
terms of the Creative Commons 
Attribution 4.0 International license.

https://crossmark.crossref.org/dialog/?doi=10.15419/bmrat.v10i11.844&domain=pdf&date_stamp=2023-11-30


Biomedical Research and Therapy 2023, 10(11):6023-6034

as T. polium and T. ramosissimum, has shown remark-
able effects on lymphocytes or T cells with respect
to their proliferative and activation capabilities22,23,
leading us to hypothesize that T. montanum may be
able to stimulate the immune system during the prim-
ing phase of T cells. Based on the fact that the CD8+

subset represents the primary effector T cells partic-
ipating in protective immunity, we chose to examine
T. montanum extracts and chromatography fractions
for their immunological activity in activation and dif-
ferentiation of CD8+ T cells from naïve repertoire.
CD8+ T cells play a central role in cellular immu-
nity, offering both primary and memory protection
against infection and cancer24–27. Antigenic stimu-
lation through T cell receptors not only leads to pro-
liferation and differentiation of naïve cells into effec-
tor cells, but also results in the formation of memory
cells that retain the ability to mediate recall responses.
Both effector and memory T cells can be generated
simultaneously, while the memory population can
emerge even before the response reaches its maxi-
mum, and can also be derived from a small fraction of
early effector cells28. In order to combatmicrobial in-
fection or cancer, which can be an overwhelming sys-
temic, and often life-threatening, disease, the induc-
tion of memory T cells providing persistent immune
surveillance is essential. Effector/effector memory T
cells that recirculate between blood and nonlymphoid
tissues are positioned tomobilize to sites of inflamma-
tion29, while central memory T cells (Tcm) primarily
circulate and patrol the blood and lymph29; because
of their potential to expand, differentiate, and self-
renew, they are highly desirable for controlling sys-
temic infection and cancer30,31. In this study, lym-
phocytes from naïve mice were used to test various
extracts and fractions obtained from T. montanum to
assess their effects on cell proliferation and their po-
tential to regulate T-cell differentiation.

METHODS
General experimental procedures
Column chromatography was performed using a sil-
ica gel (200-300 mesh, Qingdao Marine Chemical
Inc., China) and MCI gel HP-20 (75-150 µm, Mit-
subishi Chemical Co., Ltd., Japan). Analytical high-
performance liquid chromatography (HPLC) was
performed on a Shimadzu LC-20AT instrument using
a YMCC18 column (250× 4.6mm, 5 µm)with a flow
rate of 1.0 mL/min, and with the gradient program
of MeCN/H2O set to 10:90 (t = 0 min), 60:40 (t = 40
min), 60:40 (t = 45min), 10:90 (t = 50min), and 10:90
(t = 55min). HPLC-grade acetonitrile, methanol, and
other analytical grade reagents were purchased from
Beijing Chemical Reagent Co., Ltd. (Beijing, China).

Plant Material
The plant Teucrium montanum L. was collected in
Rtanj, Serbia (GPS: E 21.92658400, N 43.76136400),
in August 2018. The plant material was identified by
Prof. Z. Dajić Stevanović and taxonomically inter-
preted according to Euro+Med Plantbase and Flora
of Serbia (Josifović 1970–1986) databases. An herbar-
ium voucher (RS-030718-1) was deposited at the De-
partment of Agricultural Botany in the Faculty of
Agriculture, University of Belgrade.

Preparation of extracts and fractions
The aerial parts of T. montanum (10 kg) plants were
air-dried, chopped, and extracted three times (2 h
each) with 95% EtOH under reflux conditions. The
EtOH extract was evaporated to almost dryness in
vacuo, and the resulting residue (1040 g) was redis-
solved in MeOH, and mixed with Si gel (1500 g, 200–
300 mesh). After removing MeOH, the dry mixture
was extracted in a Soxhletanalytical-grade extractor
(100× 15 cm) successively with petroleum ether (PE,
8.0 L), dichloromethane (DM, 8.0 L), ethyl acetate
(EA, 8.0 L), and methanol (MT, 8.0 L) under reflux
conditions. The PE, DM, EA, and MT extracts were
then evaporated to dryness under reduced pressure.
The yields of the extracts were: PE, m = 187 g; DM, m
= 90 g; EA, m = 105 g, and MT, m = 400 g. The DM
portion (90 g) was subjected to Si gel column chro-
matography (80 × 8 cm, 200–300 mesh) and eluted
with a petroleum ether/acetone (10:–-1:1, v/v) gra-
dient system to yield thirteen fractions, IVA-A1~A8,
IVA-B, IVA-C, IVA-D, IVA-E, and IVA-F, on the basis
of TLC analysis. Fraction IVA-B (10 g), eluted with
PE-acetone (8:1), was further fractionated byMCI gel
HP-20 chromatography and eluted with a step gradi-
ent ofMeOH-H2O(40:60, 60:40, 80:20, and 100:0 v/v)
to give 10 subfractions, named IVA-B1~B10. Fraction
IVA-C (9 g) was eluted with PE-acetone (6:1), frac-
tionated byMCI gel HP-20 chromatography, and then
eluted with a step gradient of MeOH-H2O (40:60,
60:40, 80:20, and 100:0 v/v) and acetone to yield 17
subfractions, named IVA-C1~C17. Similarly, frac-
tion IVA-D (8 g) was eluted with PE-acetone (5:1),
fractionated by MCI gel HP-20 chromatography, and
eluted with a step gradient of MeOH-H2O (40:60,
60:40, 80:20, and 100:0 v/v) and acetone to yield 14
subfractions, named IVA-D1~D14. IVA-E (8.5 g) was
eluted with PE-acetone (3:1), fractionated by MCI gel
HP-20 chromatography, and eluted with a step gra-
dient of MeOH-H2O (40:60, 60:40, 80:20, and 100:0
v/v) and acetone to yield 14 subfractions, named IVA-
E1~E14. The last fraction, IVA-F (3.3 g), was eluted
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with PE-acetone (2:1), fractionated by MCI gel HP-
20 chromatography, and eluted with a step gradient
of MeOH-H2O (40:60, 80:20, and 100:0 v/v) to yield
four subfractions, IVA-F1~F4 (Figure 1).

Cells and reagents
Primary splenocytes were isolated from6–8-week-old
C57BL/6 mice purchase from the Institute of Lab-
oratory Animal Sciences (CAMS&PUMC, Beijing,
China). Research was conducted in accordance with
all institutional guidelines and ethics and approved by
the Laboratories Institutional Animal Care and Use
Committee of the Chinese Academy of Medical Sci-
ences and Peking Union Medical College. All experi-
mental protocols were reviewed and approved by the
Institute of Materia Medica Animal Authorities (No.
00003375).
Alamar Blue (Cat. No. DAL1025) was purchased
from Thermo (Waltham, USA) and antibodies for
flow cytometry were purchased from BioLegend,
eBioscience (San Diego, USA) or Signaling Technol-
ogy (Danvers, USA) unless otherwise noted.

Alamar Blue assay
Splenocytes were re-suspended in RPMI medium
(supplemented with 10% FBS, 1% penicillin
and streptomycin, 10 mM HEPES, 1 mM glu-
tamine, 1 mM sodium pyruvate and 55 µM
β -mercaptoethanol) to prepare single cell sus-
pensions and plated in 96-well U-button plates in
concentrations of 2×105 cells/well under standard
conditions (5% CO2, 95% humidity, 37 ◦C). At 41 h
post-stimulation, the cells were incubated with 5%
Alamar Blue (v/v)32 for 7 h prior to measuring the
fluorescence intensities at 566 nm excitation and 586
nm emission using an Enspire Microplate Reader
(Perkin Elmer).

In vitro activation of lymphocytes
Splenocytes were incubated with ACK lysis buffer
for 5 min to remove erythrocytes. Cells cultured
in RPMI-1640, supplemented with 10% fetal bovine
serum, penicillin (100 U/mL), streptomycin (100
mg/mL), and IL-2 (100U/mL) (Peprotech) at 37 ◦C in
5% CO2, were stimulated with anti-CD3 (clone 145-
2C11, 5 µg/ml, BioLegend) and anti-CD28 (clone
37.51, 2.5 µg/ml, BioLegend) mAbs for three days.
Plant crude extracts or fractions were added to the
culture at the beginning of experiments.

In vitro proliferation assay
Splenocytes were labeled with CFSE (10 µM, Sigma,
USA) at 37 ◦C for 5min. After removing excess CFSE,

cells were cultured in a 96-well, round-bottom plate
with 2×105 cells in complete RPMI 1640 medium
supplemented with HEPES (10 mM), sodium pyru-
vate (1 mM), and 2-mercaptoethanol (55 µM) for 48
h before flow cytometry analysis.

Flow cytometry
Fluorescent dye-labeled antibodies against cell-
surface markers CD8 (53-6.7), CD44 (IM7), CD62L
(MEL-14), and CD69 (H1.2F3) were used for flow
cytometry analysis. Prior to all flow cytometry
staining, FcγIII/II receptors were blocked by incu-
bating cells with anti-CD16/32 (2.4G2). All samples
were acquired on a FACSVerse cytometer (Becton
Dickson, USA) and data analysis was performed
using FlowJo (TreeStar, USA).

Statistics
Statistical analyses and a Pearson’s correlation test
were performed using GraphPad Prism 8 software.
Comparisons among means of more than two groups
were conducted with through one-way ANOVA with
Tukey’s post-hoc test. P values less than 0.05 were
considered statistically significant.

RESULTS
Preparation of the four extracts from T.
montanum and fractionation of the IVA-DM
extract
Since T. montanum preparations usually consist of
several dozen compounds, with few forming a suffi-
cientmajority to simply exert their effects singularly 6,
we tested different T. montanum extracts and frac-
tions for their immunological effects on lymphocytes.
As shown in the designed flowchart for the extraction
and fractionation of T. montanum (Figure 1), four ex-
tracts of petroleum ether (IVA-PE), dichloromethane
(IVA-DM), ethyl acetate (IVA-EA), and methanol
(IVA-MT) from the aerial part of T. montanum were
prepared (Figure 1A). Then, the lipid-soluble extract
of IVA-DM was separated by silica gel column chro-
matography (Figure 1B) and fractionated by MCI
gel HP-20 column chromatography to produce 67
fractions from all six crude fractions, IVA-A, IVA-B,
IVA-C, IVA-D, IVA-E, and IVA-F (Figure 1C-G). The
HPLC analyses of the bioactive extract IVA-DM and
its chromatography fractions are shown in Figs. S1-
S10.

T. montanum dichloromethane extract
shows pro-proliferative activity
To determine the immunoactivity of T. montanum,
we used Alamar Blue to assess the growth of lym-
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Figure1: Flowchartofmethods forextractionandfractionation fromT.montanum. (A) Preparationof the four
extracts of petroleum ether, dichloromethane, ethyl acetate, and methanol from the aerial part of T. montanum.
Photo courtesy of Bojan K. Zlatković. (B) Fractionation of IVA-DM by silica gel column chromatography. (C−G)
Sub-fractionation of the IVA-DM fraction. IVA-DMwas further fractionated into IVA-B (C), IVA-C (D), IVA-D (E), IVA-E
(F), and IVA-F (G), respectively, by MCI gel HP-20 column chromatography.
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Figure 2: T. montanum contains an extract with pro-proliferative effects on lymphocytes. Equal numbers
(2×105) of splenocytes isolated from naïve mice were treated with 30 µg/ml of different extracts of T. montanum.
(A) Proliferationmeasured in relative fluorescence units (RFU) of reducedAlamar Blue. (B)Measurement of spleno-
cyte proliferation by CFSE dilution. Asterisks denote statistical significance compared to untreated controls (***p
< 0.001). Data are shown in bar graphs as mean± SEM.

phocytes upon stimulation with the various pre-
fractionated extracts of the plant. Increased lympho-
cyte numbers were observed after 48 h of stimula-
tion with IVA-DM (Figure 1). The CFSE-based pro-
liferation assay confirmed that cells proliferated in re-
sponse to IVA-DM, but not to any other extracts, such
as IVA-PE, IVA-EA, or IVA-MT.These results suggest
the presence of pro-proliferative ingredients in the T.
montanum extracts.
We then screened all 67 fractions generated from
chromatographically fractionated IVA-DM for pro-
proliferative activities using the Alamar Blue assay
and identified nine fractionswith dose-dependent cell
growth-promoting activity, as indicated in Figure 3.
These included fractions separated into petroleum
ether/acetone at ratios of 8:1 (IVA-B8, -B9, and -
B10), 6:1 (IVA-C13, -C14, -C15, and -C16), 5:1 (IVA-
D13), and 3:1 (IVA-E13), respectively. None of the
other fractions, such as the IVA-A, IVA-D, and IVA-
F groups, were found to have the same effect. It is
possible that several IVA-DM fractions interacted to-
gether and each contributed to part of the overall pro-
proliferative activity for T. montanum.

T. montanum extract IVA-DM activates
naïve CD8+ T cells

CD8+ T cells play a central role in host immune re-
sponse. Here, we evaluated how this type of cell re-
sponded to IVA-DM. CFSE-based analysis revealed
that, compared to the CD8− T cell population, CD8+

T cells proliferated selectively in response to IVA-DM,
while other extracts, such as IVA-EA, showed no po-
tential to stimulate cell proliferation (Figure 4A). The
data indicate that the T. montanum extract IVA-DM
effectively stimulated CD8+ T cells to proliferate. We

then assessed whether IVA-DM is capable of acti-
vating CD8+ T cells by measuring the expression of
CD69, an early activation marker on the surface of T
cells. Flow cytometric analysis showed a significant
dose-dependent increase in CD69 expression and in
the percentage of CD69+ cells in the CD8+ popula-
tion 48 h after IVA-DM stimulation, whereas there
was no CD69 upregulation by IVA-EA (Figure 4 B).
As CD44 is a cell surface adhesionmolecule that plays
an important role in T-cell activation, we then exam-
ined whether IVA-DM could stimulate CD44 expres-
sion. Figure 4 C demonstrated that the percentage of
cells expressing CD44 markedly increased in CD8+

T cells following IVA-DM treatment, unlike IVA-EA,
reaffirming the activity of T. montanum IVA-DM on
T-cell activation.

Some IVA-DM fractions enable a greater
proportionof effector/effectormemorydif-
ferentiation of primed CD8+ T cells
We next explored whether the nine IVA-DM im-
munoreactive fractions could regulate the expres-
sion of CD44 and CD62L during the engagement
of T-cell receptors. Among the nine fractions
with proliferation-promoting activity, three of the
100% methanol-yielded fractions, IVA-B8, -B9, and
-D13, and the only acetone fraction, IVA-C16, were
able to upregulate CD44 expression dramatically
(Figure 5A). Of the remaining five fractions collected
from 100%methanol, IVA-B10 and -E13 failed to up-
regulate CD44 (Figure 5A), while -C13, -C14 and -
C15, which appeared to stimulate the highest cell pro-
liferation, did not produce enough cells for analysis,
presumably because of an inhibitory effect on cells ac-
tivated by T-cell receptor engagement. Furthermore,
we found that IVA-D13 induced a higher expression
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Figure 3: Nine of the IVA-DM fractions exhibit pro-proliferative activity. Splenic lymphocytes were isolated
from naïve mice and the Alamar Blue assay was used for screening 67 IVA-DM fractions separated in silica gel
column chromatography and eluted with a petroleum ether/acetone gradient 10:1 (A, IVA-A1−A8), 8:1 (B, IVA-
B1−B10), 6:1 (C, IVA-C1−C17), 5:1 (D, IVA-D1−D14), 3:1 (E, IVA-E1−E14), and 2:1 (F, IVA-F1−F4). Asterisks denote
statistical significance compared to untreated controls (***p < 0.001). Data are shown as Mean± SEM.

of CD62L, whereas the rest of the IVA-DM fractions
did not demonstrate such effects (Figure 5 B).
CD44 and CD62L, as regulators of cell adhesion and
migration, are essential in recruiting and activat-
ing effector and memory T cells. This prompted
us to explore the role of these fractions in the dif-
ferentiation of effector/effector memory (Teff/Tem)
and central memory (Tcm) CD8+ T cells defined by
CD44+CD62L− and CD44+CD62L+, respectively.
At 10 µg/ml, IVA-B8, -B9, and -C16 led to a signif-
icantly increased percentage of Teff/Tem, while IVA-

B10 and -E13 demonstrated no significant changes to
the Teff/Tem population (Figure 5 C).
It has been demonstrated that there is an
intermediate-stage cell type, referred to as
CD44-CD62L- pre-effector T cells, that are in-
volved in differentiation from naïve to Teff/Tem33.
It seems very likely that the reduction of pre-effector
T cells (Tpe) could be a consequence of enhanced
Teff/Tem differentiation. We thus sought to in-
vestigate the changes of Tpe following stimulation.
Compared to α3/28 only, all Teff/Tem-promoting
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Figure 4: IVA-DM is capable of activating CD8+ T cells. Splenocytes were treated for 48 h with the extract IVA-
DM and two other extracts as control. (A) Measurement of splenocyte proliferation by CFSE dilution. Splenocytes
were isolated and labeled with CFSE before a 48-h incubation. Histogram showing CFSE-labeled cells gated on
CD8+ T cells. (B and C) Cytometric analyses of CD69 (B) and CD44 (C) expression level (mean fluorescence inten-
sity, MFI) and percentage of positive cells in CD8+ T cells. Asterisks denote statistical significance compared to
untreated controls (***p < 0.001) and the number signs indicate the CD8+ cell population that significantly dif-
fered from CD8− cell population (###p < 0.001). Data are shown as Mean± SEM.

fractions (IVA-B8, -B9, and -C16 at 10 µg/ml) were
able to drastically lower the Tpe subset. Furthermore,
IVA-B10 and -E13 also inhibited Tpe, but not as
much as the above four fractions. Thus, it is possible
that the Tpe population reduced by IVA-B8, -B9,
and -C16 could be related to increased Teff/Tem
differentiation (Figure 5 C).

Certain IVA-DM fractions facilitate Tcm for-
mation
In contrast to IVA-B8, -B9, and -C16, 10 µg/ml of
IVA-D13 induced formation of more Tcm and a re-
sulted in a substantially decreased proportion of Tpe
(Figure 5C). Thus, we reasoned that IVA-B10 and -
E13 were unable to induce CD8+ T-cell differenti-
ation at a lower dose, and therefore, that stimula-
tion with a higher dose may be warranted. How-
ever, when the dose was increased to 30 µg/ml, ob-
vious cytotoxicity was produced by IVA-B10 but not

IVA-E13, which was then able to elevate the expres-
sion of both CD44 and CD62L (Figure 6A). At this
higher dose, IVA-E13 induced a significantly greater
proportion of Tcm with a greatly reduced percentage
of Tpe. Additionally, Tem was also substantially de-
creased (Figure 6 B). In sum, our findings demon-
strate that the dichloromethane fractions IVA-B8, -
B9, and -C16 were able to stimulate Tem differenti-
ation, in contrast to IVA-D13 and -E13, which were
capable of inducing Tcm formation.

DISCUSSION
We demonstrate in the present study that the
dichloromethane extract IVA-DM of T. montanum
obtained from the Balkans was able to stimulate lym-
phocyte proliferation. The pro-proliferative effect
could largely be attributed to a number of methano-
lic or acetone fractions of the dichloromethane ex-
tract that stimulate lymphoproliferation more effec-
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Figure 5: Certain IVA-DM fractions induce effector/effector memory (Teff/Tem) differentiation in T-cell
receptor-stimulated CD8+ T cells. Freshly isolated splenocytes were treated with anti-CD3 plus anti-CD28
(α3/28) antibodies and indicated fractions of IVA-DM for 72 h. Analysis of T cell activation was performed by flow
cytometry. (A and B) Expression of CD44 (A) and CD62L expression (B) on CD8+ T cells treated with 10 µg/ml
of IVA-DM fractions as indicated. (C) Percentage of CD8+ CD44+CD62L+ (Tcm), CD44+CD62L− (Teff/Tem), and
CD44−CD62L− (Tpe) following treatment the indicated fractions. Asterisks denote statistical significance com-
pared to α3/28-treated controls (*p < 0.05, **p < 0.01, ***p < 0.001). Data are shown as Mean± SEM.

tively. More importantly, our study reveals previously
unidentified immunological roles of T. montanum in
T cell immunity, that is, the ability to modulate the ef-
fector and memory differentiation of T cells. A lower
dose of fractions IVA-B8, -B9, -C16, (three out of the
nine fractions with proliferation-promoting activity)
enhanced CD8+ Teff/Tem differentiation. Fraction
IVA-D13 at a lower dose and fraction IVA-E13 at a
higher dose both promoted the development of Tcm.
However, IVA-E13 also suppressed the formation of
Teff/Temwhen the dose increased, while IVA-D13 did
not, whichmay suggest that IVA-E13 is capable of cre-
ating a state of balance between the two T cell sub-
sets. Notably, T. montanum-derived essential oil has
been shown to be inhibitory to proinflammatory T
cells1,34.
Indeed, CD8+ T cells become committed to prolifer-
ation and differentiation as an essential feature of the
adaptive immunity, through which multiple distinct

subsets are created to meet the requirements for the
full execution of various specialized functions35. In-
creased effector memory differentiation could be ad-
vantageous, as recirculation of Teff/Tem cells through
nonlymphoid tissues is essential for an immediate re-
sponse because it leads to long-lived tissue memory
T cells. Effector differentiation results in T cell ac-
quisition of cytolytic activity; however, effector T cells
also exert a profound pro-inflammatory influence on
the host immune response. Although inflammation
is necessarily essential for pathogen clearance, it can
also cause tissue damage when present in excess36.
Increased Tcm differentiation could thus be benefi-
cial, as it is less cytotoxic and has higher proliferative
and differentiation abilities than effectors in recall re-
sponse37. Thus, it is feasible that elevated expression
of CD62L promoted by IVA-E13 could enhance the
quality of Tcm, leading to increased repopulating abil-
ity for the control of disease both systemically and lo-
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Figure 6: An IVA-DM fraction favors centralmemory formation of primedCD8+ T cells. The indicated IVA-DM
fractions were added to freshly isolated splenocytes in the presence of α3/28 and incubated for 72 h followed by
flow cytometry analysis. (A) Expression of CD44 and CD62L expression on CD8+ T cells treated with 30 µg/ml
of IVA-E13. (B) Percentage of CD8+ Tcm, Teff/Tem, and Tpe following treatment with IVA-E13. Asterisks denote
statistical significance compared to α3/28-treated controls (*p < 0.05, **p < 0.01, ***p < 0.001). Data are shown as
Mean± SEM.

cally in the tissue.
Some immunoactive substances have been implicated
in many Teucrium species studied38,39. Methanolic,
aqueous, and total flavonoid extracts of T. ramosis-
simum have been found to induce splenocyte pro-
liferation and enhance LPS-induced proliferative re-
sponse22. Phenolic acids and flavonoids contained in
T. polium and T. scordium methanolic extracts may
have antimutagenic and proapoptotic effects, protect-
ing lymphocytes from mitomycin C-induced geno-
toxicity 40.
In general, both phenolic acids and flavonoids can
be extracted efficiently with dichloromethane.
Additionally, terpenoids are also found
in dichloromethane extracts41,42, and

methanol/dichloromethane extraction of signif-
icant amounts of phenolic and terpene compounds
from T. chamaedrys has been reported43. T.
montanum essential oil, in particular, is known
to be rich in terpenoids7,44. Therefore, further
investigation will be required to focus on identi-
fying active compounds from the four fractions
of the dichloromethane extract of T. montanum
in order to facilitate development of a novel class
of herbal medicines for T-cell based vaccine or
immunotherapy.

CONCLUSIONS
We demonstrated in vitro lymphocyte proliferation-
promoting activity of the dichloromethane fractions
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from T. montanum, and finding a number of its frac-
tions to have considerable effector- and memory-
differentiating effects on CD8+ T cells. Immunolog-
ically active compounds will need to be identified in
the fractions that appear to skew T cells toward more
Tcm than Tem.

ABBREVIATIONS
DM: dichloromethane, EA: ethyl acetate, MFI: mean
fluorescence intensity, MT: methanol, PE: petroleum
ether, RFU: relative fluorescence unit, Tcm: central
memory T cell, Teff : effector T cell, Tem: effector
memory T cell, Tpe: pre-effector T cell
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