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epsis and toxic shock syndrome are serious medical 
FRQGLWLRQV�WKDW�UHVXOW�IURP�XQUHJXODWHG�LQÁDPPDWLRQ��
,QÁDPPDWLRQ�LV�QRUPDOO\�FRQWUROOHG�E\�WKH�ERG\·V�

innate immune system. Toll-like receptors are a key part of  the 
LQQDWH�LPPXQH�V\VWHP�DQG�KHOS�UHJXODWH�LQÁDPPDWLRQ��7KLV�
study was on the Toll-like receptor (TLR) 2 and 4 pathways 
and how they are affected by lysophosphatidic acid receptor 2 
(LPA2). We conducted experiments with bone marrow derived 
dendritic cells (BMDC) from wild type and LPA2 knock out 
mice that showed phosphorylation of  Akt in wild type cells, but 
not in LPA2 knock out cells. Phosphorylated protein kinase B 
(pAkt) is known to control a feedback mechanism in the TLR 
SDWKZD\�WKDW�SUHYHQWV�LQÁDPPDWLRQ�IURP�RFFXUULQJ2. Ongoing 
ZRUN�KDV�VKRZQ�WKDW�PLFH�GHÀFLHQW�LQ�/3$��GHYHORS�HQKDQFHG�
LQÁDPPDWLRQ�LQ�UHVSRQVH�WR�7/5��DQG�7/5��H[SRVXUH��7KLV�
indicates that LPA2 plays an important role as a negative 
IHHGEDFN�UHFHSWRU��ZKLFK�SUHYHQWV�LQÁDPPDWLRQ�ZKHQ�D�7/5�LV�
activated. 
7KH�LQQDWH�LPPXQH�V\VWHP�LV�WKH�ERG\·V�ÀUVW�OLQH�RI �GHIHQVH�

against pathogens and their products. Innate responses recognize 
common structural features found on foreign molecules and 
pathogens. Phagocytes, cells that can engulf, digest, and kill most 
pathogens, play a key role in the innate response. Interactions 
with pathogens stimulate large numbers of  phagocytes to 
activate genes that lead to the expression of  proteins that destroy 
pathogens4. 

The sentinels of  the innate immune system are the dendritic 
cells (DCs). They are usually present in the skin and mucous 
membranes of  the nose, lungs, stomach, and intestines5. Also 
known as dendrocytes, they have a dual function of  phagocytosis 
and antigen presentation. Immature DCs are found throughout 
the body as active phagocytes. Once an antigen is ingested, 
the DC matures and migrates to the lymph nodes where they 
present the antigen to T cells4. After T cells are presented with 
an antigen by DCs, it becomes activated. The activated T cells 
then secrete various cytokines that mediate immune responses 
to pathogens. Cytokines are critical to the development and 
function of  the innate immune response. These soluble signaling 
proteins can recruit and activate further immune cells like 

S macrophages, neutrophils, and lymphocytes, to intensify the 
body’s response to a pathogen4. They can also signal T-cells to 
hunt down infected cells and mediate T-cell proliferation. 

Toll-like receptors play an important role in the innate 
immune system. They are a class of  pattern recognition 
receptors that are used by the innate immune system to 
identify pathogen-associated molecular patterns4. TLRs 
span the membrane of  the cell surface and are non-catalytic 
receptors that recognize molecules that are broadly shared 
by pathogens, but distinguishable from host molecules3. For 
example, TLR4 recognizes bacterial lipopolysaccharide (LPS) 
and TLR2 recognizes bacterial cell wall components including 
peptidogylcan. We can use LPS and Pam3Cys (a synthetic TLR2 
ligand) to activate TLR4 and TLR2 signaling, respectively. 

TLR activation results in a signaling cascade that allows a 
protein complex called nuclear factor kappa-light-chain-enhancer 
of  activated B cells (NF-gB) to travel into the nucleus and 
SURPRWH�WKH�WUDQVFULSWLRQ�RI �JHQHV�WKDW�FDXVH�LQÁDPPDWLRQ��
NF-gB plays a key role in regulating the immune response 
to infection because it is a transcription factor for many pro-
LQÁDPPDWRU\�JHQHV�VXFK�DV�LQWHUOHXNLQ�����,/�������,/����LV�D�
cytokine that is naturally produced in dendritic cells in response 
to antigen stimulation. It was already known that phosphorylated 
protein kinase B (pAkt) and Phosphoinositide 3-kinase (PI3K) 
are important for the negative regulation of  IL-12. For example, 
the PI3K-Akt pathway can inhibit NF-gB and the expression of  
LQÁDPPDWRU\�JHQHV2. However it was not clear how the PI3K-
Akt pathway itself  was controlled. 

There is increasing evidence that lysophospholipids including 
acid (LPA) regulate immune responses, but relatively little is 
known about the effects of  LPA on DCs. LPA is a bioactive 
lipid that can induce cell proliferation, migration, and cytokine 
release. It can be generated intracellularly and extracellularly by 
different metabolic pathways, and is now known to bind a family 
of  G-protein coupled receptors including LPA21, 5. The lack of  
data about the effects of  LPA on dendritic cells prompted our 
research into the effects of  a LPA2 knock out in dendritic cells. 

To activate the LPA2 we used Pam3Cys and LPS. Pam3Cys 
is a synthetic analog of  the immunologically active N-terminal 
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portion of  bacterial lipoprotein that activates TLR2 in 
monocytes and macrophages. LPS is a major component of  
Gram-negative bacterial outer cell membrane and acts as an 
endotoxin. LPS activates TLR4 in monocytes and macrophages. 
By stimulating the cells with these ligands, we could see the 
effect the LPA2 receptor had on each TLR pathway. 

Methods 
For this experiment we used lysates from LPA2 knock out 

and wild type bone marrow derived dendritic cells. They were 

collected from the bone marrow of  wild type and LPA2 knock 
out C57BL/6 mice. The cells were then cultured using IMDM-
10 complete media. These cells were treated with either synthetic 
lipopeptide Pam3Cys-SKKKK (Pam3-CSK4) or LPS from E.coli 
serotype O55:B5. Whole cell lysates were collected at time points 
of  0, 1, 5, 10, 20, and 30 minutes. They were stored at -80ºC 
until used in the experiment. 

The samples were probed with pAkt antibody through 
western blotting. This was done by loading 30µg of  sample per 
lane along with one lane of  5µg of  Jurkat Extract + Calyculin A 

Figure 1. pAkt difference between wild type and knock out BMDC treated with Pam3Cys. Time points at 0, 1, 5, 10, 20, 30 minutes. pAkt band at 
60kDa. Control is Jurkat Extract + Calyculin A (Cell Signaling). It clearly shows that there was strong phosphorylation of  the wild type and very 
little in the knockout. The zero time point for the Pam3Cys samples had no phosphorylation. This shows that phosphorylation occurred after the 
samples were exposed to Pam3Cys.

Figure 2. pAkt difference between wild type and knock out BMDC treated with LPS. Time points at 0, 1, 5, 10, 20, 30 minutes. pAkt Band at 
60kDa. Control is Jurkat Extract + Calyculin A (Cell Signaling). The samples show similar amounts of  weak phosphorylation with no differences 
between the wild type and knock outs. The amount of  phosphorylation is the same as the zero time point, which means LPS had no effect on Akt 
phosphorylation in the cells.

Figure 3. Total Akt difference between wild type and knock out BMDC treated with Pam3Cys band at 60kDa. Actin difference between wild type 
and knock out BMDC treated with Pam3Cys band at 42kDa. Time points at 0, 1, 5, 10, 20, 30 minutes. Control is Jurkat Extract + Calyculin A (Cell 
6LJQDOLQJ���7KLV�ÀJXUH�VKRZV�WKH�VDPH�DPRXQW�RI �$NW�LV�SUHVHQW�LQ�ERWK�W\SHV�RI �FHOOV��EXW�RQO\�LQ�WKH�ZLOG�W\SH�LV�$NW�SKRVSKRU\ODWHG�

Figure 4. Actin difference between wild type and knock out BMDC treated with Pam3Cys band at 42kDa. Time points at 0, 1, 5, 10, 20, 30 
minutes. Control is Jurkat Extract + Calyculin A (Cell Signaling). The amount of  actin present in each of  the samples is equal. Because the amount 
of  actin is equal in all the samples, the amount of  protein loaded in each lane is equal

Figure 5. Total Akt difference between wild type and knock out BMDC treated with LPS band at 60kDa. Actin difference between wild type and 
knock out BMDC treated with Pam3Cys band at 42kDa. Time points at 0, 1, 5, 10, 20, 30 minutes. Control is Jurkat Extract + Calyculin A (Cell 
6LJQDOLQJ���7KLV�ÀJXUH�VKRZV�WKDW�WKHUH�ZDV�$NW�SUHVHQW�LQ�WKHVH�VDPSOHV��EXW�LW�ZDV�QRW�SKRVSKRU\ODWHG�ZKHQ�WKH�FHOOV�ZHUH�WUHDWHG�ZLWK�/36�

Figure 6. Actin difference between wild type and knock out BMDC treated with LPS band at 42kDa. Time points at 0, 1, 5, 10, 20, 30 minutes. 
Control is Jurkat Extract + Calyculin A (Cell Signaling). The amount of  actin present in each of  the samples is equal, which means that each well 
was loaded correctly.
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(Cell Signaling) on a 10% SDS gel. The gel was run for 3 hours 
at 100V and then transferred to a nitrocellulose membrane using 
80V for 90 minutes. The membrane was then blocked with 5% 
BSA/Tris-Buffered Saline tween (0.1%) (TBSt) for 45 minutes to 
UHGXFH�QRQVSHFLÀF�ELQGLQJ�RI �WKH�SULPDU\�DQWLERG\��$IWHU�WZR�
ZDVKHV�IRU�ÀYH�PLQXWHV�LQ�7%6W���������DQWL�SKRVSKR�$NW��&HOO�
Signaling) antibody was applied in a 1:200 dilution overnight 
at 4ºC. The next day the membrane was washed three times 
IRU�ÀYH�PLQXWHV�ZLWK�7%6W��������HDFK�WLPH��7KHQ�_-rabbit 
IgG-HRP (Cell Signaling) antibody was applied for 1 hour at 
room temperature in 5% milk/TBSt (0.1%). The membrane 
ZDV�WKHQ�ZDVKHG�WKUHH�WLPHV�IRU�ÀYH�PLQXWHV�HDFK��(&/�3OXV�
chemiluminescent (Santa Cruz luminal) was then applied to 
visualize the pAkt bands. 

For probing using Akt total and actin antibody the western 
EORW�PHPEUDQH�ZDV�ÀUVW�VWULSSHG�XVLQJ��;�VWULSSLQJ�EXIIHU��
,W�ZDV�WKHQ�ZDVKHG�WKUHH�WLPHV��ÀYH�PLQXWHV�HDFK��ZLWK�7%6W�
(0.1%). 1:1000 anti-Akt (Cell Signaling) and 1:3000 anti-actin 
(Cell Signaling) antibodies were applied for 1.5 hours at room 
WHPSHUDWXUH��7KH�PHPEUDQH�ZDV�WKHQ�ZDVKHG�WKUHH�WLPHV��ÀYH�
minutes each, with TBSt (0.1%). 1:4000 _-rabbit IgG-HRP (Cell 
Signaling) antibody was applied for 1 hour at room temperature 
in 5% milk/TBSt (0.1%). The membrane was then washed three 
WLPHV�IRU�ÀYH�PLQXWHV�HDFK��(&/�3OXV�FKHPLOXPLQHVFHQW��6DQWD�
Cruz luminal) was then applied to visualize the Akt total and 
actin bands. 

Results 
First, we tried to determine what affect Pam3Cys had 

on LPA2 and the TLR2 pathway. To do this, we probed 
with anti-pAkt used western blotting to see the rate of  Akt 
phosphorylation in LPA2 knockout and wild type BMDCs 
treated with Pam3Cys. The samples collected at time points of  1, 
5, 10, 20, and 30 minutes all showed strong Akt phosphorylation 
in the wild type cells and very little phosphorylation in the knock 
out (Figure 1). The zero time point for the Pam3Cys samples 
had no phosphorylation. This shows that phosphorylation 
occurred after the samples were exposed to Pam3Cys. 

Next, we looked at how LPS affected LPA2 and the TLR4 
pathway. This was done by probing with anti-pAkt on a western 
blot. We used LPA2 knockout and wild type BMDCs treated 
with LPS to determine the rate of  Akt phosphorylation. The 
samples show similar amounts of  weak phosphorylation with no 
differences between the wild type and knock outs (Figure 2). The 
amount of  phosphorylation is the same as the zero time point, 
which means LPS had no effect on Akt phosphorylation in the 
cells. 

Finally, we looked at the amount of  total Akt and actin in 
the samples. Total Akt serves as a control to make sure each 
sample has the same overall amount of  Akt in it. Probing with 
anti-Akt measured the amount of  phosphorylated and non-
phosphorylated Akt present. Actin is a protein used in the 
cytoskeleton of  cells and is a control in this experiment to prove 
that each lane was loaded with the same amount of  protein. 
To determine the amount of  total Akt and actin present in the 
Pam3Cys samples, the membranes were stripped and re-probed 
with anti-Akt and anti-actin at the same time. The total Akt 
bands for Pam3Cys treated cells are even and consistent between 

the wild type and knock out cells (Figure 3). This shows the 
same amount of  Akt is present in both types of  cells but only 
in the wild type is Akt phosphorylated. The amount of  actin 
present in each of  the samples is also equal (Figure 4). Because 
the amount of  actin is equal in all the samples, the amount of  
protein loaded in each lane is equal. 

To determine the amount of  total Akt and actin present in 
the LPS samples, the membranes were stripped and re-probed 
with anti-Akt and anti-actin at the same time. The total Akt 
bands for the LPS treated cells are also even and consistent 
between the wild type and knockout cells (Figure 5). This 
shows that there was Akt present in these samples but it was 
not phosphorylated when the cells were treated with LPS. The 
amount of  actin present in each of  the samples is equal, which 
means that each well was loaded correctly (Figure 6). 

Discussion 
These results suggest that the LPA2 receptor is an important 

component of  the negative feedback mechanism that controls 
IL-12 production. It shows that when LPA2 is present, more 
Akt is phosphoralyted and because pAkt is known as a negative 
regulator for IL12 production, LPA2 counteracts antigens that 
FDXVH�LQÁDPPDWLRQ��+RZHYHU��LW�VHHPV�WKDW�/3$��RQO\�KHOSV�
regulate certain TLR pathways. When the cells were treated 
with Pam3Cys which is an antigen for TLR2, there was a great 
difference in phoshporalytion between the wild type and knock 
out cells. But when cells were treated with LPS, which is an 
antigen for TLR4, there was no difference in phosphoralytion 
between the wild type and knock out. Previous research has 
shown that pAkt and PI3K are responsible for the negative 
regulation of  IL-121, but this suggests that they are only 
intermediaries and LPA2 is a main component needed for 
QHJDWLYH�UHJXODWLRQ�RI �,/�����7R�FRQÀUP�WKHVH�UHVXOWV��ZH�DUH�
planning to do further experiments, such as a gel shift assay to 
FRQÀUP�WKDW�PRUH�1)�gB is bound to DNA in the knock out 
cells compared to the wild type. We are also planning to see if  
LPA alone can phosphorylate Akt in the absence of  any other 
cell stimulation. Ultimately, if  selective ligands of  LPA2 can be 
GLVFRYHUHG��WKH\�PD\�SRWHQWLDOO\�EH�XVHG�DV�DQWL�LQÁDPPDWRU\�
therapies.
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