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Ulcerative colitis (UC) is a refractory, chronic inflammatory bowel disease of unknown etiology. 
Although platelets are activated in UC, their relevance in pathophysiology remains unclear. We 
analyzed the correlation of platelet activation and platelet–monocyte complexes (PMCs) with severity 
of mucosal inflammation using the Mayo endoscopic subscore (MES). Platelet activation marker, 
CD62P was upregulated in patients with UC compared with that in healthy controls (P < 0.05). CD62P 
expression was significantly higher in patients with MES3 (severe inflammation) than in those with 
MES ≤ 2 (endoscopic remission to moderate inflammation) (P < 0.001). The concentration of sCD62P 
in patients with MES0 (endoscopic remission) was significantly higher than in those with MES ≥ 1 
(P < 0.01). The expression of CD40L, CD63, PAC-1, annexin V, and CD36, and the concentrations of 
sCD40L, PF4, and RANTES did not correlate with MES. The proportion of PMCs in patients with MES3 
was higher than in those with MES ≤ 2 (P < 0.05). CD16 expression on monocytes with platelets was 
significantly higher than in monocytes without platelets (P < 0.001). Patients with complete remission 
after treatment showed significant reduction in PMCs 3 months after treatment (P < 0.05) but had no 
change in CD62P and sCD62P. Our data suggest that platelet activation via the CD62P–PMC axis is 
involved in UC pathophysiology.
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Ulcerative colitis (UC) is an intractable chronic inflammatory bowel disease (IBD), characterized by relapse and 
remission, requiring lifelong treatment1. Although the pathogenesis of UC has not been completely elucidated, 
accumulating evidence suggests that changes in the genetics, gut microbiota, and environmental factors 
underlying a dysregulated immune response in the colonic mucosa play important roles in its development. 
Besides steroids and immunosuppressants, anti-TNF-α, -IL-12, -IL-23, and -α4β7 integrin have been used for 
UC treatment2–5. Despite recent advances in treatment, UC remains a disease with unmet medical needs that 
compromise the quality of life, not only in the short term but also in the long term, owing to the existence of 
unidentified factors that drive gut inflammation.

Platelets are one of the main blood cells involved in hemostasis and thrombosis. They also act as immune cells 
and promote inflammation6. Moreover, chronic inflammatory milieu activates platelets, leading to secondary 
thrombocytosis and hypercoagulability7,8. Patients with naïve or undercontrolled UC often exhibit high platelet 
counts9. Thromboembolism, such as in ischemic heart disease, stroke, and mesenteric ischemia, is a burdensome 
complication of UC10. Moreover, activated platelets conjugate with monocytes, leading to augmentation of 
innate and acquired immunity11. Platelet–monocyte complexes (PMCs) are sensitive in vivo markers of platelet 
activation12. These findings suggest that platelets and PMCs could serve as novel therapeutic targets and disease 
biomarkers for UC.
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CD62P, also known as P-selectin or GMP140, is a member of the selectin family of adhesion molecules that 
is highly expressed on activated platelets13. In addition to CD62P, other surface markers, including CD40L, 
CD63, PAC-1, annexin V, and CD36, are associated with activated platelets14–18. Although activated platelets 
are characterized by several surface markers, platelets are easily activated by weak stimuli. Surface markers 
of activated platelets should therefore be rapidly measured after peripheral blood samples are obtained from 
patients. Hence, only a small number of cases are included in studies on activated platelets and PMCs in patients 
with IBD, and few studies have analyzed multiple surface markers simultaneously. Few studies have investigated 
the significance of activated platelets and PMCs in IBD. This study was aimed at comprehensively exploring 
useful surface marker and cytokine candidates in activated platelets to evaluate IBD severity.

Methods
Study subjects and blood sample collection
Patients with UC (n = 54), diagnosed according to clinical, radiological, endoscopic, and pathological basis, 
and healthy controls (HCs) (n = 11) were enrolled in this study. Patient demographic and disease characteristics 
data, including age, sex, and blood biomarkers (platelet count, C-reactive protein level, Lichtiger index, Mayo 
endoscopic subscore, and ulcerative colitis endoscopic index of severity and treatment), were collected. Patients 
with UC who had cardiac disease or an overt infection, or were taking antiplatelet or anticoagulant medications 
were not included in this study. Healthy volunteers with no history of current illness or medication served 
as healthy controls. The clinical backgrounds of the patients with UC and HC are presented in Table  1. All 
participants provided written informed consent. This study was approved by the Kansai Medical University 
Hospital Committee before its initiation (approval number: 2021011) and was performed according to the 
Declaration of Helsinki. After blood was collected in tubes with a separation gel, whole blood was collected in 
Acid Citrate Dextrose blood collection tubes (BD Pharmingen, San Jose, CA, USA) using a 21G needle without 
a tourniquet to avoid platelet activation.

Antibodies and reagents
Fluorochrome-conjugated antibodies specific to CD61 (VI-PL2), CD62P (AK-4), CD40L (89 − 76), CD63 
(MEM-259), PAC-1 (SP-2), annexin V, CD36 (CB38), CD14 (M5E2), CD16 (3G8), IgG1 κ Isotype Control 
(MOPC-21), IgG1, κ Isotype Control (X40), and IgM, κ Isotype Control (G155-228) were purchased from BD 
Pharmingen and Thermo Fisher Scientific (Waltham, MA, USA).

Cell and sera preparation
For flow cytometry, platelets were prepared as follows: 5 µl of whole blood was mixed with 5 µl of fluorochrome-
conjugated antibody cocktail, incubated at 24 °C for 15 min in the dark, fixed with 250 µl of 4% paraformaldehyde 
at 4 °C for 30 min in the dark, and analyzed using flow cytometry on BD FACSCalibur (BD Biosciences). PMCs 
were prepared according to previous reports, with slight modifications19. Briefly, 900 µl of whole blood was fixed 
with 1000 µl of 4% paraformaldehyde in the dark at room temperature for 15 min, followed by washing twice 
with PBS. Fixed samples were added to 3000 µl of ACK lysis buffer (Abcam Plc, Cambridge, UK) at 24 °C for 
5 min in the dark and washed twice with 3000 µl of PBS. Sera were retrieved by centrifuging the sample tubes 
containing separation gel at 1700 × g for 10 min at 4 °C and stored at − 80 °C until use.

Cytokine quantification
The soluble forms of CD62P (sCD62P), sCD40L, PF4, and RANTES in the sera were quantified using a cytokine-
specific ELISA kit, according to the manufacturer’s instructions (BD Biosciences and R&D Systems). All 
cytokines were quantified using standard curves provided with the corresponding ELISA kit.

UC (n = 54) HC (n = 11)

Age (median, IQR) 47 (29–57) 44 (30–45)

Gender (female/male) 25/29 5/6

Platelet counts ×104/µL (median, IQR) 29.0 (24.4–34.3)

C-Reactive Protein mg/ml (median, IQR) 0.32 (0.08–2.83)

Lichtiger index (median, IQR) 7.5 (3–12)

Mayo endoscopic subscore : MES

MES0 11

MES1 6

MES2 9

MES3 26

Not examined 2

Current medication

No medication 4

5ASA only 19

Currently using any corticosteroids, thiopurine, biologics, or Janus kinase inhibitor 31

Table 1. Clinical features. CRP, C-reactive protein; 5-ASA, 5-Aminosalicylic acid.

 

Scientific Reports |        (2024) 14:28055 2| https://doi.org/10.1038/s41598-024-78462-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Immunohistochemistry
Total colectomy specimens from 12 cases, seven females and five males, the median age (IQR) 51(44–57) of 
ulcerative colitis from 2009 to 2022 were used for immunohistochemistry. Specimens were fixed with 10% 
formalin, followed by paraffin embedding and section. The sectioned specimens were deparaffinized in xylene, 
rehydrated in graded ethanol. Primary antibodies, anti-human CD62P (AB6632, abcam) (1:200), and CD14 
(ab133335, abcam) (1:2000), were diluted in tris-buffered saline with 0.1% Tween-20 and incubated at 4 °C in a 
humidified chamber for 16 h. The appropriate species-specific AlexaFluor (488 or 555)-conjugated antibodies 
(Thermo Fisher Scientific) (1:250) were used as the secondary antibodies and incubated at 24 °C in a humidified 
chamber for 1 h. Colon images were captured using an Olympus BX53 fluorescence microscope (Olympus).

Collection of clinical data
Patient demographic and disease characteristic data, including sex, age, clinical severities (Lichtiger index: range 
0–21), blood biomarkers (hemoglobin, platelet count, serum albumin, and CRP level), and medical treatments 
were collected from medical charts. The severity of mucosal inflammation was classified using the Mayo 
endoscopic subscore (MES)20. MES is an item of Mayo scores, which is a composite of four items, namely the 
stool frequency subscore, rectal blooding subscore, MES, and Physician Global Assessment subscore, which 
ranges from 0 to 12, with each of the four subscores ranging from 0 to 3. The MES was classified as MES0 
(endoscopic remission), MES 1 (mild mucosal inflammation), MES2 (moderate mucosal inflammation), and 
MES3 (severe mucosal inflammation). The most severely affected portion of the mucosa was scored. The typical 
endoscopic findings in patients with MES scores of 0, 1, 2, and 3 are shown in Supplementary Fig. S1.

Statistical analysis
The Shapiro–Wilk test, Student’s t-test, Mann–Whitney U test, Pearson correlation test, Spearman correlation 
test, Wilcoxon signed-rank test, Dunn test, and Tukey’s multiple comparison test were performed for data 
analysis using SPSS version 26 (IBM, Armonk, NY, USA). P-values < 0.05 were considered to indicate statistically 
significant differences.

Results
Comprehensive measurement of platelet activation markers
Platelets were identified in whole blood based on their forward scatter/side scatter and CD61 positivity 
characteristics (Fig.  1a). First, we compared the expression of platelet activation markers, including CD62P, 
PAC1, CD40L, annexin V, CD63, and CD36, between HC and patients with UC. CD62P was significantly 
upregulated in the UC group (30.3, IQR 24.3–39.6%) compared with that in the HC group (24.8, IQR 22.5–
26.6%) (P = 0.01) (Fig. 1b, c), while the expression of other surface molecules, namely CD40L, CD63, PAC1, 
annexin V, and CD36 was not significantly different between the two groups.

Correlation between mucosal inflammation and platelet surface molecules
To clarify the correlation between platelet activation markers and endoscopic severities in UC patients, we 
compared the expression of the platelet activation markers in UC patients, classified by MES. The expression 
of CD62P increased as the endoscopic activity became more severe, whereas there were no tendencies in the 
expression of CD40L, CD63, PAC1, annexin V, and CD36 between each MES (Supplementary Fig. S2). To focus 
on severe inflammation, we divided patients in the UC group into those with MES ≤ 2 and MES3, and compared 
the expression of activation markers on platelets collected on the day of colonoscopy. The expression of CD62P 
was significantly higher in MES3 than in MES ≤ 2 (P < 0.001) (Fig. 2). However, the expression of CD40L, CD63, 
PAC1, annexin V, and CD36 was not significantly different between patients with MES ≤ 2 and MES3 (Fig. 2).

Correlation between mucosal inflammation and platelet-derived soluble factors
We also quantified platelet-derived soluble factors, namely sCD62P, sCD40L, PF4, and RANTES, in the sera 
of patients with UC and compared them with the MES. Contrary to the results for the activation markers, 
concentration of sCD62P tended to be negatively correlated to MES, while no tendency was found in CD40L, 
PF4, and RANTES (Supplementary Fig. S3). Moreover, concentration of sCD62P in patients with MES0 was 
significantly higher than that in patients with MES ≥ 1 (P = 0.002) (Fig. 3). However, concentrations of secreted 
CD40L, PF4, and RANTES were not different between patients with MES0 and MES ≥ 1 (Fig. 3).

Correlation of mucosal inflammation and platelet–monocyte complex
We identified PMCs as CD14+ and CD61+ using flow cytometry (Fig.  4a). Patients with MES3 showed 
significantly higher proportion of PMCs than those with MES ≤ 2 (P = 0.02) (Fig. 4b). The expression of CD16 
on PMCs, which reflects monocyte maturation, was significantly increased than that on unconjugated platelets 
in the patients (P < 0.001) (Fig. 4c). We investigated whether the presence of PMCs in the intestinal mucosa also 
depends on the severity of inflammation. It was revealed that PMCs were mainly present in areas of mucosal 
defects, and the number of PMCs was significantly increased in a depth-dependent fashion of mucosal damage 
(Fig. 4d).

Early kinetics of platelet activation upon therapeutic intervention
We compared the expression of CD62P and sCD62P and the proportion of PMCs before and 3 months after 
therapeutic intervention in patients with endoscopic remission (MES = 0). These patients received corticosteroids, 
biologics, or Janus kinase inhibitors. Although the expression of CD62P and sCD62P was not altered (Fig. 5a), 
the proportion of PMCs was significantly reduced in 3 months, with mucosal remission (P = 0.03) (Fig. 5a-b). 
The expression of other platelet activation markers was not altered after treatment (data not shown).
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Fig. 1. CD62P on platelets is upregulated in patients with UC.  Expression of platelet activation markers in 
patients with UC was compared with that in healthy controls using flow cytometry. (a) Dot plots represent 
the platelet gating strategy. Platelets were identified in whole blood according to their FSC/SSC and CD61 
positivity characteristics. (b) Representative patterns of expression of CD62P, CD40L, CD63, PAC1, annexin V, 
and CD36 on platelets in patients with UC and healthy controls. (c) Expression of the markers shown in (b) in 
patients with UC (n = 54) was quantified and compared with that in healthy controls (n = 11). The bar graphs 
represent the median expression with the IQR. P-values were calculated using the Mann–Whitney U test; 
*P < 0.05. UC, ulcerative colitis; FSC, forward scatter; SSC, side scatter; IQR, interquartile range.
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Discussion
In addition to their role in hemostasis, platelets are also immune modulators. They can promote either pro- or 
anti-inflammatory responses through diverse mechanisms based on the individual immunological milieu21–24. 
Platelets are involved in the pathogenesis of various autoimmune diseases25–27. Our findings in this study are 
important because they emphasize the fact that platelet activation correlates to disease aggravation, which 
involves abnormal immunity similar to that observed in other autoimmune diseases. The expression of CD62P 
in platelets was upregulated in patients with UC, which is consistent with the findings in previous studies28,29. 
Herein, we demonstrate that this upregulation is correlated with the severity of mucosal inflammation. CD62P, a 
member of the selectin family, is a 140 kDa membrane glycoprotein located in the α-granules and dense granules 
of platelets and endothelial cells. Upon platelet activation, the α-granule membrane fuses with the platelet 
plasma membrane, leading to upregulation of CD62P on the platelet surface30. In contrast, the expression levels 
of CD40L, CD63, PAC1, annexin V, and CD36 did not differ between the HC and UC groups. These data suggest 
that the kinetics of CD62P is different from those of other platelet activation markers in patients with UC, 
which might be relevant to the understanding of disease pathophysiology and aid in identifying new therapeutic 
targets. Originally, platelet activation mediates wound healing by secretion of cytokines, chemokines, and 
growth factors that control recruitment and activation of cell populations involved in tissue repairs31. CD62P-
intact rather than CD62-deficient platelets ameliorated experimental gastrointestinal injury model32, suggesting 
that platelet activation and CD62P play a critical role in mucosal healing of UC. On the other hand, wound 
healing is inseparably linked to inflammation and platelets also play a role in potential immune activator6. One 
possibility is that chronic inflammation and disease progression may increase the number of factors that result 
in the exposure of CD62P on platelets leading to empower immune activation rather than mucosal healing. For 
instance, platelets can be activated by shear stress on the wall of blood vessels, which is induced by endothelial 
dysfunction during chronic inflammation33. Notably, biochemicals, such as adenosine diphosphate (ADP), 
arachidonic acid, thrombin receptor activating peptide 6, and thrombin, rather than shear stress contribute to 
the exposure of CD62P on platelets34. ADP is released from various cell populations, such as apoptotic cells, 
activated immune cells, necrotic cells, and activated platelets, in the inflammatory milieu. Although ADP plays a 
role in tissue repair and hemostasis, it is also involved in inflammatory responses and thrombosis35. Arachidonic 
acid is released from cell membranes and mediates wound healing and inflammatory responses36,37. Thrombin, a 
serine protease synthesized in the liver, plays a role in hemostasis and promotes platelet aggregation in inflamed 
colon mucosa38. Taken together, we speculate that mucosal injuries trigger further activation of the immune 
system and mucosal healing, leading to the upregulation of CD62P on platelets by biochemicals rather than 
CD62P being constitutively active in UC. In contrast to CD62P expression, the concentration of the soluble form 

Fig. 2. Potential contribution of platelet activation markers to endoscopic severity. The endoscopic findings 
represented by MES ≤ 2 (n = 26) and MES3 (n = 26) were compared with the expression of CD62P, CD40L, 
CD63, PAC1, annexin V, and CD36 in platelets collected on the day of colonoscopy. P-values were calculated 
using the Mann–Whitney U test; ***P < 0.001. MES, Mayo endoscopic subscore.
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of CD62P decreased as mucosal damage progressed. A tendency for downregulation of sCD62P with disease 
progression has also been observed in gastric cancer; the expression of sCD62P was lower in stage III and IV 
patients than in stage I and II patients39. Because sCD62P is shed from platelet membranes, elevated sCD62P 
levels in mucosal remission might reflect reduced CD62P expression on the platelet membranes in patients with 
UC.

The contact between platelets and monocytes is mediated by adhesion via CD62P on platelets and PSGL1 on 
monocytes, which leads to the formation of PMCs and activation of monocytes11,12,40. Because platelet activation 
is a primary factor in the aggregation of platelets and monocytes, PMCs are a sensitive indicator of platelet 
activation. There are conflicting reports that PMC kinetics is positively or inversely correlated with disease 
severity in UC41,42. In the present study, the highest proportion of PMCs was observed in patients with MES3. 
The expression of CD16 was higher in monocytes that were conjugated with platelets than in the unconjugated 
ones. The proportion of PMCs in the blood was significantly higher in the MES3 cases, and PMCs were more 
prevalent in areas with severe mucosal damage, suggesting that the proportion of PMCs in the blood and the 
expression of PMCs in the intestinal tract might be correlated. Moreover, the proportion of PMCs in patients with 
mucosal remission after treatment was significantly reduced, but CD62P and sCD62P levels were not altered. 
Taken together, our findings indicate that PMCs, promoted by platelet activation via CD62P upregulation in the 
inflammatory milieu, sensitively reflect mucosal healing; however, platelets are latently activated within a short 
period after mucosal remission. Therefore, maintenance therapy after mucosal remission is reasonable based on 
CD62P kinetics.

This study had some limitations. We did not assess the role of PMCs in the pathogenesis of UC. Whether 
PMCs accelerate or inhibit inflammatory responses remains controversial43,44. Further studies are needed to 
clarify this issue. Interestingly, patients with severe COVID-19 show platelet activation and PMC formation, 
which correlate with poor prognosis45.

Modulation of CD62P expression in platelets may be a potential target for therapeutic interventions 
aimed at preventing inappropriate platelet activation and controlling excessive clotting in UC. Crizanlizumab 
is a monoclonal antibody against human CD62P that has been approved for the treatment of vaso-occlusive 
crisis in Sickle cell disease46. A phase 2 study on the efficacy of crizanlizumab in sickle cell disease revealed no 
serious adverse effects, including bleeding events47. However, considering their pharmacological action, it is not 

Fig. 3. Potential contribution of platelet-derived soluble factors to endoscopic severity. The endoscopic 
findings represented by MES0 (n = 11) and MES ≥ 1 (n = 41) were compared with the concentrations of 
sCD62P, sCD40L, PF4, and RANTES in the sera collected on the day of colonoscopy. P-values were calculated 
using the Mann–Whitney U test; **P < 0.01.
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Fig. 4. Correlation of platelet–monocyte complex with endoscopic severity.  (a) Dot plots represent the gating 
strategy of the PMCs. PMCs were identified in whole blood based on their FSC, CD14, and CD61 positivity. 
(b) The proportion of CD14+ platelets in peripheral blood from patients UC having MES ≤ 2 (n = 26) and 
MES3 (n = 26) was determined using flow cytometry. (c) Dot plots show representative patterns of monocytes 
with (upper) and without (lower) platelets (left), and their CD16 expression (middle). The bar graph (right) 
shows significant upregulation of CD16 in PMCs compared with that in unconjugated platelets in patients with 
UC (n = 52). P-values were calculated using the Mann–Whitney U test: *P < 0.05, ***P < 0.001. PMC, platelet–
monocyte complex. (d) Immunofluorescence staining was performed to compare the presence of PMCs as 
CD62P + platelets aggregation (green) with CD14 + monocytes (red) among no erosion (left), erosion within 
mucosal layer (middle), and ulceration reaching submucosal layer (right). The dot plot illustrates the number 
of PMC in colon mucosa. Data were derived from randomized views (×200) (no erosion; n = 10, erosion; 
n = 19, ulcer; n = 11) from 9 independent surgical specimens. P-values were calculated using the Tukey’s 
multiple comparison test: **P < 0.01, ***P < 0.001. Arrowheads indicate PMCs. Bars indicate 50 μm. PCI, phase 
contrast image. DAPI, 4’,6-diamidino-2-phenylindole.
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confirmed whether anti-CD62P antibodies are usable for patients with an underlying intestinal mucosal injury 
and risk of intestinal bleeding, and this must be rigorously evaluated.

In summary, CD62P is upregulated in patients with UC. We show that CD62P expression is positively and 
sCD62P levels are negatively correlated with mucosal inflammation. Notably, PMCs, which express CD16, also 
correlate with mucosal injury. The CD62P–PMCs axis may be explored for understanding the UC pathogenesis 
and for the development of new therapeutics against this intractable disease. The accumulation of a larger 
number of cases is needed, and phenotype studies of PMCs will be required.

CRP, C-reactive protein; 5-ASA, 5-Aminosalicylic acid.

Data availability
The data for this study are available from the corresponding author upon reasonable request.
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